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ARTICLE INFO ABSTRACT

This study analyzes various machine learning techniques for detecting attacks against Routing Protocol
for Low-Power and Lossy Networks (RPL), a routing protocol commonly used in Internet of Things (IoT)
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Received 27 May 2024 applications. RPL is often employed in IPv6-based loT applications that require low power consumption
Received in revised form 14 November 2024 and limited bandwidth. The research reviews recent literature examining attacks on RPL-based networks
Accepted 25 November 2024 and utilizes the ROUT-4-2023 dataset for detecting routing attacks. This dataset, created using the Cooja
Available online 23 December 2024 simulator, encompasses four types of routing attacks: Blackhole Attack, Flooding Attack, DODAG

Version Number Attack, and Decreased Rank Attack. The attack types are detected using machine learning
Keywords: techniques. In the combined dataset, the Decision Tree and Bagging algorithm exhibited the highest

performance with a 99.99% accuracy. To create a more accurate representation of the real world, we
Internet of things, RPL, Machine incorporate a 10% level of noise into the dataset. On the noisy dataset, Random Forest algorithm performed
learning, DS, Routing attacks the best with about 84.80% accuracy. The high accuracy show that the employed methods can be

effectively used as an Intrusion Detection System (IDS) to protect loT networks. As a result, this study
demonstrates that machine learning techniques offer a promising approach for detecting routing attacks in
the RPL protocol.
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Introduction

The concept of the Internet of Things (10T) refers to the idea

of various devices interacting and communicating with each @

other over the internet to share data. This concept has

become highly significant today [1]. As shown in Figure 1,

this approach is used in a diverse array of applications, from \

industrial systems to smart homes, from healthcare services e /
to the agricultural sector [2]. However, this rapid growth

and widespread use also introduce significant security

challenges for l1oT devices and networks. The increasing

number of connected devices expands the attack surface,

(s

making it crucial to address vulnerabilities and protect
sensitive information from potential threats. /

Security vulnerabilities in 10T networks can arise from \

—-
@

various  sources, including weak authentication
mechanisms, insufficient encryption, and lack of regular 4 B
software updates. These security weaknesses can be e N
exploited, potentially leading to unauthorized access, data
breaches, and other harmful intrusions. Therefore,
implementing robust security measures is essential to

safeguarding loT environments, Figure 1. Internet of things domains of use
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Given the diverse applications and the critical nature of loT
deployments, ensuring secure and efficient communication
is paramount. Among the routing protocols commonly used
in 10T networks, the Routing Protocol for Low-Power and
Lossy Networks (RPL) stands out [3]. RPL aims to optimize
communication in wireless sensor networks while ensuring
low power consumption for IoT devices. Nevertheless,
security vulnerabilities and attacks in RPL-based networks
present a major concern. Intrusion Detection Systems (IDS)
become an important tool for detecting and preventing
attacks in RPL-based loT networks. Machine learning-
based IDS can provide more effective protection through
methods such as network traffic analysis and identifying
behavioral patterns [4]. Such systems can protect against
known attacks by using predefined attack signatures and
can also detect new and unknown attacks.

Applying machine learning in 10T not only enhances the
performance of loT systems but also allows for more
efficient management of unpredictable processes.
Moreover, it increases the effectiveness of these systems by
reducing human intervention and eliminating the challenges
of reprogramming [5].

The motivation of this study is to investigate the effects of
using (performance of) machine learning algorithms to
detect routing attacks in RPL-based 10T networks. In this
scope, the ROUT-4-2023 [6] dataset representing loT
network scenarios with diverse attack types has been
utilized for the first time to analyze the performance of
various algorithms, including AdaBoost, KNN, Random
Forest, Decision Tree, Bagging, Logistic Regression,
Gaussian NB, Gradient Boosting, Extra Trees, XGBoost,
ANN, and CNN. This study aims to analyze the ROUT-4-
2023 dataset using machine learning and ANN models to
assess their effectiveness in detecting attacks within the
dataset. The ROUT-4-2023 dataset, a comprehensive
representation of real-world 10T network scenarios with
various attack types, serves as the basis for comparing the
capabilities of different algorithms in identifying routing
attacks. Through this evaluation, we aim to determine the
impact of machine learning and neural network models on
detecting and analyzing these attacks effectively.

The remainder of this study is organized as follows: Section
RPL introduces the RPL routing protocol, detailing its
operational mechanisms, core functionalities, and
significance in 10T networks. This section also highlights
the features that make RPL suitable for low-power and
lossy networks. Section Literature reviews related work,
analyzing previous studies on RPL-based 0T networks,
including methodologies, findings, and limitations. Section
Related work focuses on approaches for detecting routing
attacks in RPL networks. It discusses various machine
learning algorithms used for 10T security, their strengths,
and weaknesses. Section Test results present the machine
learning test results using the ROUT-4-2023 dataset,
detailing the experimental setup, data pre-processing, and
performance evaluation criteria. Section Discussion
analyzes the results in relation to the dataset characteristics
and algorithm performance, comparing machine learning
and deep learning models in the context of loT security

needs and computational efficiency. Finally, Section
Conclusion summarizes the key contributions and findings,
discusses their significance in 10T security, and suggests
potential directions for future research.

RPL

Routing Protocol for Low-Power and Lossy Networks is a
routing protocol specifically designed for wireless sensor
networks. This protocol is of great importance, especially
for applications such as Internet of Things and Smart Grid.
The goal of the routing protocol is to ensure energy
efficiency, low latency, and reliable communication in
wireless sensor networks [7]. One of the main goals of the
RPL protocol is to route data packets between nodes with
low energy consumption. Thus, the battery life of the nodes
in the network is extended and energy resources are used
more efficiently [8].

RPL creates and manages the network topology at the node
level to enable wireless sensor networks to efficiently
transmit data. The protocol can create and manage various
topology structures, for example, using DODAGs
(Destination Oriented Directed Acyclic Graphs), which are
hierarchical structures at the node level to ensure efficient
data transmission. The routing protocol aims to transmit
data packets with low latency and high reliability while
minimizing the energy consumption of nodes in the
network.

The main features of RPL include the use of node routing
tables, the creation of network topology through inter-node
routing messages, the mutual exchange of information
between nodes, and the ability to determine the functions of
nodes (e.g. root, parent, and leaf nodes).

Figure 2 shows the structure for creating DODAGS with
RPL:

e DIS (DODAG Information Solicitation) is a type
of message that nodes use to request DODAG
information. When a node wants to learn or update
its DODAG structure, it can request DIO messages
from neighboring nodes by broadcasting the DIS
message. DIS messages allow nodes in the
network to dynamically discover and update the
DODAG structure.

e DIO (DODAG Information Object) is one of the
message types used in the RPL protocol. DIO
messages are used for nodes in the network to
create and update the DODAG structure. DIO
messages broadcast by the root node at regular
intervals enable other nodes to learn and update
the DODAG structure. DIO messages contain
neighboring nodes and routing metrics (e.g., link
quality, latency) of nodes in the network. This
information helps nodes determine the best routing
path.

e DAO (Destination Advertisement Object) is
another type of message used in the RPL protocol.
DAO messages allow nodes to notify neighboring
nodes of their presence and services, if any. With
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Figure 2. Structure of building DODAG with RPL

DAO messages, a node introduces itself to its
parent nodes and indicates that it wants to join the
network. The parent nodes receive the DAO
messages, update the network structure, and
include the node in the DODAG structure. DAO
messages can also contain the node's child nodes.
This message enables the creation of downward
(root to node) routing paths.

DAO-ACK (DAO Acknowledgment) message
type is utilized to confirm the receipt of DAO
messages. Once a node transmits a DAO message
to its parent node, it awaits a DAO-ACK message
to confirm the successful transmission and its
inclusion in the DODAG structure.

Parent List is used to maintain node parents where
a default parent is used as the default router. A
node can forward data packets to its default parent
node, which creates a cascading connection to the
Root node of the RPL topology. The Parent List

helps nodes make routing decisions and determine
the best path.

The common use of RPL in various application areas, such
as loT and WSN has also increased the security threats in
these networks. As RPL continues to be widely adopted, the
prevalence of security wvulnerabilities has grown,
necessitating a more robust approach to safeguarding these
networks. Various attacks on RPL-based networks can
compromise both the efficiency and the security of the
entire network infrastructure. These attacks are particularly
concerning as they have the potential to disrupt critical
applications and services reliant on loT and WSN
technologies. Additionally, these attacks can culminate in
node denial of service, where nodes are rendered
inoperative, thereby severely degrading network
performance and reliability. The taxonomy of attacks
against RPL networks is depicted in Figure 3. This figure
categorizes the various attack types, illustrating the broad
spectrum of threats that can target RPL-based networks.

RPL Attacks

'

Resources

—l—

Direct Attacks l Indirect Attacks ]

nconsisnc
Rouling Table
Overload

* Flooding Version Numbear

Routing choice insirusion

¥ DISFlooding

ETXmanipulaion

» DO Flooding
Localrepair afiack

I

|- PacketSnifing

» Trafic Analysis

] Isolation l
Routng Table

* * Falsitcaton
—# Decrease: d Rank
Sinkhole

+ Wdeniiy Atack RiReplay

¥ SybilAtack Wormhola

WorstParent
» Clone ID Atack orstiaren

DIO suppression

Figure 3. Taxonomy of attacks against RPL networks
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The specific attack types examined in this study are clearly
marked and highlighted within the figure, providing a visual
representation of the focus areas of our research. By
identifying and categorizing these threats, we can better
understand the potential vulnerabilities and develop more
effective countermeasures to protect RPL-based 10T and
WSN networks.

Literature

In recent years, with the rapid deployment of 10T devices,
attacks on RPL-based networks have increased. Many
research and studies have been conducted to detect and
prevent these attacks. These studies have been conducted to
identify the security vulnerabilities of RPL-based networks,
analyze attack patterns, and develop effective defense
mechanisms [10]. The results of these studies provide an
important resource for understanding the vulnerabilities of
RPL-based networks and taking advanced security
measures. Table 1 provides summaries of these studies and
provides guidance to researchers and network
administrators on attack detection and prevention.

In 2019, Verma et al. introduce ELNIDS (Ensemble
Learning-based Network Intrusion Detection System) to
detect various routing attacks against IPV6 routing
protocols [11]. The ELNIDS system is specifically created
to identify and identify seven different forms of routing
attacks, including Sinkhole (SH), BlackHole (BH), Sybil,
Clone ID (CID), Selective Forwarding (SF), Hello Flooding
(HF), and Local Repair. This detection is done using the

NIDDS17 dataset, as mentioned in the paper [22]. The
ELNIDS methodology is founded on the utilization of
ensemble learning, which involves the amalgamation of
diverse machine learning classifiers. The researchers utilize
four distinct machine learning classifiers: Boosted Trees,
Subspace Discriminant, RUSBoosted Tree, and Bagged
Trees [23], [24]. The authors assess the individual
performance of each classifier applying distinct evaluation
and validation measures. Subsequently, they use an
ensemble model, namely a voting scheme, to enhance the
classification outcomes. Nevertheless, the process of
constructing intricate ensemble models may entail
significant computational expenses, rendering the system
unfeasible.

In 2019, Aydogan et al. propose a new technique for
identifying HF and VN attacks in RPL-based IloT
networks. They utilized genetic programming and
suggested that this approach is the most appropriate
framework for 1loT environments [12]. Their proposed
technique uses Genetic Programming in conjunction with a
centralized IDSto detect and identify threats. The
implemented framework is installed at the main node to
oversee the packets of the neighboring nodes. The root
consistently analyzes the network data and collects 50
characteristics, which are subsequently utilized to construct
genetic programming trees. The top-performing individual
from the previous generation is assessed for both HF and
DODAG VN attacks, resulting in the development of two
detection algorithms. The values are acquired by gathering
data at successive intervals of 500 ms and 5000 ms. The
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Table 1. Comparative analysis of detection methods for
various RPL-based routing attacks

Suggested Types of Attacks Methods Used
Sinkhole,
BlackHole, Sybil, | Soosted Trees,
. Subspace
Clone ID, Selective Lo
Verma et al. [11] . Discriminant,
Forwarding, Hello
- RUSBoosted Tree,
Flooding, Local
Repai Bagged Trees
epair
Version Number, Genetic
Aydogan et al. [12] Hello Flooding, programming for
Sinkhole attacks

Deshmukh-Bhosale
etal. [13]

Wormhole, Hello
Flooding

Routing information
and received signal
strength indicator

Farzaneh et al. [14]

Local Repair Attack

Fuzzy Logic

Agiollo et al. [15]

Sinkhole,
Wormhole, Hello
Flooding, Version
Number, Clone ID,
Local Repair, DIS,
Selective
Forwarding

Signature and
behavior-based
detection rule

Garcia Ribera et al.
[16]

Hello Flood Attack,
DIS Attack, DAO
Insider Attack,
Blackhole Attack,
Greyhole Attack

a Hybrid IDS

Alazab et al. [17]

Blackhole, Selective
Forwarding, Sybil
Attacks

a Decision Tree
Classifier and a One-
class Support Vector
Machine Classifier
(a Hybrid Intrusion
Detection System)

Azzaoui et al. [18]

CIC-1DS2017
Dataset (DoS,
DDosS, Brute Force,
XSS, SQL Injection,
Infiltration,
Portscan, Botnet),
WSN-DS Dataset
(Blackhole,
Grayhole, Flooding,
Scheduling)

a Lightweight
Artificial Neural
Network

Bokka et al. [19]

Blackhole, Sybil,
Selective
Forwarding,
Sinkhole, DIO
Suppression, DIS
Flooding

analysis

Kiran et al. [20]

DODAG
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researchers only examine the accuracy of genetic
programming in detecting intrusions and reducing false
positives. They do not explore how intrusion techniques
affect performance metrics like energy consumption and
memory usage. In addition, the evaluation of the system
does not consider factors such as resource requirements,
scalability, extensibility, and mobility support.

Deshmukh-Bhosale et al. present a real-time approach for
identifying wormhole and HF attacks in RPL-based loT
networks [13]. Their IDS utilizes the collected signal
strength to detect nodes that may be engaging in suspicious
activities. Both centralized and distributed IDS are
suggested. The findings indicate that the accuracy of
correctly identifying positive cases is 90% when the
network is small, consisting of 8, 16, or 24 nodes. However,
the performance of the method declines noticeably as the
network size grows. In addition, the authors solely assess
the impact of IDS on a solitary metric and a solitary attack.
Furthermore, they disregard the typical issues of mobility
associated with networks and fail to acknowledge that the
offered solution relies on static topological information.

Farzaneh et al. conduct a study utilizing Fuzzy logic to
detect local repair attacks on 10T networks, specifically
targeting the RPL routing protocol. The study demonstrates
that the suggested strategy, implemented using the Contiki
operating system on the Cooja simulator, effectively detects
local repair attacks with a significantly high True Positive
Rate (TPR). The authors of this study assert that the
proposed approach is a highly efficient means of identifying
security risks in 10T networks that utilize the RPL protocol
[14].

Agiollo et al. introduce the DETONAR model in RPL,
which integrates the strengths of anomaly and signature-
based IDS models to effectively identify malicious
activities in network traffic [15]. This approach utilizes a
mechanism known as the 'Detector’, which employs
signature and behavior-based detection algorithms to
identify 14 distinct routing assaults. Additionally, the
intrusion detection systems are assessed using the 'Routing
Attacks Dataset' (RADAR). Nevertheless, their strategy
fails to account for the ever-changing nature of the loT
network. Furthermore, the dataset might have been
examined with regards to the privacy and security of
Quality of Service (QoS).

Garcia Ribera et al. develop an IDS for 10T networks
utilizing the RPL routing protocol. Their objective is to
precisely and effectively identify many sorts of assaults,
including different routing and denial-of-service (DoS)
attacks. The attacks mentioned involve targeted attacks
against RPL, such as the version number attack, blackhole
attack, and grayhole attack. The effectiveness of the
proposed IDS is assessed by a comprehensive analysis of
the specified assaults and their consequences. This
evaluation also encompasses the ability to forecast the
performance of the IDS in terms of its accuracy and
effectiveness when confronted with the predetermined
attacks. The results obtained demonstrate a high level of
accuracy in detection. Moreover, the detected attacks have

been determined to have a negligible impact on CPU
utilization and power consumption. More precisely, the rise
in CPU use is below 2% in every instance, while the average
increase in power consumption is limited to 0.5% [16].

In 2023, a study is undertaken by Ammar Alazab et al. that
specifically examined the security difficulties associated
with routing attacks that target RPL in loT systems based
on 6LoWPAN. The assaults encompass Flooding assaults,
Data-DoS/DDoS Attacks, Wormhole Attacks, RPL Rank
Attacks, Blackhole Attacks, Version Attacks, and Sinkhole
Attacks. To combat these dangers, they suggest
implementing a pioneering Hybrid Intrusion Detection
System (HIDS) that merges a decision tree classifier with a
class Support Vector Machine classifier. The objective of
this hybrid technique is to attain a high rate of detecting
intrusions while keeping the incidence of false alarms low.
This is accomplished by utilizing the advantages of both
Signature Intrusion Detection Systems (SIDS) and
Anomaly-based Intrusion Detection Systems (AIDS).
Experiments conducted on a dataset of network traffic from
real loT devices, including different types of routing
attacks, have demonstrated that their suggested Host-based
Intrusion Detection System (HIDS) works better than
conventional System-based Intrusion Detection Systems
(SIDS) and Anomaly-based Intrusion Detection Systems
(AIDS). The HIDS exhibits greater detection abilities and a
reduced rate of false positives compared to the traditional
techniques [17].

In 2024, Azzaoui et al. propose a streamlined cross-layer
IDS approach for the 10T called RPL-IDS. This approach
utilizes the RPL routing protocol and employs certain
routing parents as artificial neural network (ANN) based
mitigation agents. The researchers integrate RPL-IDS into
the Contiki operating system and conducted a
comprehensive evaluation using the Cooja simulator. The
empirical findings demonstrate that RPL-IDS is efficient
and can be implemented on devices with restricted
resources. The work involves the construction of an IDS
scheme that use a machine learning technique and may be
implemented on devices with limited resources.
Additionally, the results demonstrate that RPL-IDS exhibits
superior detection rates in comparison to several IDS
schemes documented in the literature. Furthermore, the
energy overhead associated with RPL-IDS is nearly
insignificant [18].

In 2024, Bokka et al. introduce a study on the effects of RPL
routing attacks, which cause disruptions to the regular
routing operations and structure of 10T networks. The study
assessed the network's performance under normal
conditions and five different routing attack scenarios,
utilizing a range of performance measures. The metrics
encompass Link data rate, Number of packets generated
(control and data), Sensor data rate, Packet Delivery Rate
(PDR), and Packet delivery delay. The text emphasizes the
susceptibility of loT devices connected via the RPL
protocol to routing attacks and underscores the significance
of protecting them to thwart both internal and external
attacks. The study, which utilizes simulation, demonstrates
the crucial importance of robust security measures in
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Figure 4. Cooja attack models and feature extraction diagram

safeguarding 10T networks and devices against routing
attacks [19].

Kiran et al. examine the effects of several RPL attacks,
including DIS attack, version number attack, decreased
rank attack, and worst parent selection (WPS) attacks. The
Contiki Cooja network simulator is utilized for the purpose
of simulation. In addition, a thorough examination of
various attacks based on RPL is conducted, revealing that
the WPS attack has a substantial influence on network
performance in comparison to other assaults [20].

In 2024, Osman et al. present an Ensemble Learning-based
Intrusion Detection System (ELG-IDS) using stacking and
over-parameter optimization to detect three RPL internal
attacks (version number, decreased rank, and DIS flooding
attacks). ELG-IDS uses improved feature extraction and
genetic algorithm-based feature selection. Their research
improves the security of 10T networks by using ELG-IDS
and provides better defense against emerging security
threats [21].

Upon examining the presented studies, it is emphasized that
RPL-based lIoT networks face serious security threats, and
this underscores the importance of implementing effective
protection measures against these threats. Especially
considering the limited resources and the impact of attacks
on network performance, strong security controls need to be
implemented. These studies show the necessity of machine
learning methods, new approaches, and technologies to
improve the security of 10T networks.

Related Work
Description of the ROUT-4-2023 dataset

The study uses the ROUT-4-2023 dataset, which is made up
of ".csv" files with four different routing attacks against the
RPL protocol: the Blackhole Attack (blackhole.csv), the
Flooding Attack (flooding.csv), the DODAG Version
Number Attack (dodag.csv), and the Decreased Rank
Attack (rank.csv). It can see these attacks in Table 2. The
attack type is given in the Category header. Malicious or

normal status is kept as Label. Additionally, as shown in
Table 3, the dataset contains 16 features.

Table 2. Number of RPL-based routing attacks

Category Malicious | Normal Total
Blackhole Attack | 134282 269852 404134
Flooding Attack 135576 263206 398782
DODAG Version | 170242 297818 468060
Number Attack
Decreased Rank 139891 229108 368999
Attack
Total 579991 1059984 | 1639975

Table 3. Features and descriptions in the ROUT-4-2023
dataset
Name/Abbreviation Description
TIME Simulation time
SOURCE Source Node IP
DESTINATION Destination Node IP
LENGTH Packet Length
INFO Packet Information
TR Transmission Rate (per 1000 ms)
RR Reception Rate (per 1000 ms)
TAT Transmission Average Time
RAT Reception Average Time
TPC Transmitted Packet Count (per second)
RPC Received Packet Count (per second)
TTT Total Transmission Time
TRT Total Reception Time
DAO DAO Packet Count
DIS DIS Packet Count
DIO DIO Packet Count

Figure 4 illustrates the sequence of steps involved in
simulating attacks on 10T networks and extracting features
for analysis using machine learning. The Cooja simulator is
utilized to expose a network to different attacks, and the
resulting network traffic is recorded in pcap files. The files
undergo analysis using Wireshark and are subsequently
converted to CSV format for feature preprocessing, which
encompasses data cleaning and normalization. The
processed data is subsequently utilized to train multiple
machine learning models for the purpose of identifying and
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categorizing loT attacks, culminating in the development of
an loT attack detection model.

Types of attacks
Blackhole attack

It is a type of attack that targets data transmission on the
network. In this attack, attackers receive messages, but
instead of forwarding them to the destination, they destroy
them or redirect them to their own devices. Thus, other
devices on the network realize that their messages did not
reach the destination and experience communication
problems [25]. When the Blackhole Attack is carried out by
an attacker in a strategic position in the network, it can
isolate many nodes from the network and significantly
impact network performance [26]. An example Blackhole
Attack scenario is shown in Figure 5.
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Figure 5. RPL blackhole attack
Flooding attack

Itis a type of attack that involves transmitting large amounts
of spoofed data to the network to consume communication
resources on the network or render target devices non-
functional. In this attack, attackers typically send large
amounts of traffic to the network at a fast rate, consuming
network resources or exceeding the capacity of the target
device. Therefore, it becomes difficult for legitimate data
packets to be processed and reach their destination.
Flooding Attack can be used to damage the network by
disrupting or disabling network services [27]. The HELLO
Flood attack is a type of Flood attack using the RPL
protocol on a network. In this attack, the attacker Floods the
network using DIS messages, which are request messages.
In RPL networks, the attacker can perform the HELLO
Flood attack either by broadcasting DIS messages to
neighboring nodes that should reset the trickle timer, or by
sending a unicast DIS message to a node that should
respond to a DIO message [26]. Figure 6 shows an example
of Flooding Attack scenario.
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Figure 6. RPL flooding attack
DODAG version number attack

This attack specifically focuses on exploiting version
numbers within the Directed Acyclic Graph utilized in the
RPL protocol. The DODAG Version Number is a crucial
component of every DIO transmission. This value remains
constant as it moves down the DODAG graph and is often
only increased by the root node when the DODAG requires
reconstruction. A node with an outdated version number
signifies that it has not been transferred to the new DODAG
graph and is not suitable for usage as a parent node. A
malicious actor can modify this field by unlawfully
increasing the version number of DIO messages as it
transmits them to neighboring nodes. This form of attack
has the potential to result in the needless reconstruction of
the entire DODAG graph. During this attack, the
perpetrators can control the routing processes in the
network by substituting the version numbers in DODAG
with counterfeit or altered values [26], [28]. Figure 7 shows
an example DODAG Version Number Attack scenario.
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Figure 7. RPL DODAG version number attack
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Decreased rank attack

This attack is carried out by manipulating the ranks in the
routing tables of resource-constrained devices in the RPL
network. As a result of these manipulations, devices with
low Rank become favored over other devices in the
network. By targeting devices with this low Rank, attackers
can direct the data traffic in the network as they wish. The
lower the rank in the DODAG graph, the closer the node is
to the root and the more traffic that node has to manage. As
a result, many legitimate nodes connect to the DODAG
network through the attacker. In the RPL protocol, an
attacker can change the ranking value through the
tampering of DIO messages [26]. This attack results in the
inability to perform correct routing operations and can
prevent or delay data packets from reaching their
destination [29]. Figure 8 shows an example of a decreased
rank attack scenario.
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Figure 8. RPL decreased rank attack
Algorithms

This study utilizes a range of machine learning and deep
learning algorithms to detect RPL-based routing attacks in
loT networks. The selected algorithms, spanning from
simple to complex models, are chosen for their proven
effectiveness in classification tasks. By evaluating models
such as AdaBoost, K-Nearest Neighbors (KNN), Decision
Tree, Random Forest, Bagging, Logistic Regression,
Gaussian Naive Bayes (GaussianNB), Gradient Boosting,
Extra Trees, and XGBoost, as well as artificial neural
networks (ANN) and convolutional neural networks
(CNN), we aim to cover a diverse set of approaches for
comparison [30-33].

Tree-based models, such as Random Forest, Decision Tree,
and Extra Trees, are particularly suitable for classification
tasks due to their ability to handle complex feature
interactions and provide high accuracy. Ensemble methods
like Bagging, AdaBoost, and Gradient Boosting are
included to examine their robustness and performance
under different boosting strategies. Additionally, neural
network models (ANN and CNN) are incorporated to assess
their potential in learning complex patterns in the dataset.

Logistic Regression and GaussianNB offer simpler,
interpretable baseline models to compare against more
complex algorithms.

The parameters used in these algorithms are carefully
selected to optimize performance, and are listed below:

e AdaBoost was configured with a decision tree as
its base classifier, and the number of weak
classifiers was set to 100 to create a strong
ensemble model. This number of estimators
provides a balance between detection accuracy
and computational efficiency, ensuring robust
performance without excessive complexity.

e K-Nearest Neighbors (KNN), the number of
neighbors was set to 1. By focusing on the single
nearest neighbor, the model aims to increase
precision in distinguishing between well-separated
classes within the dataset, which helps improve
classification outcomes in a simple yet effective
way.

e Random Forest was also set to build 100 decision
trees. With this configuration, the model gains
both robustness and accuracy, as multiple trees
reduce the variance in predictions, providing a
stable output that generalizes well to new data.
Using 100 trees strikes a balance by ensuring
sufficient learning capacity without unnecessary
computational demands.

o Decision Tree was used without specific
hyperparameter tuning, as this model inherently
splits data based on optimal feature values. This
simplicity allows Decision Trees to perform well
on their own, especially on datasets with clear,
interpretable decision boundaries.

e Bagging, the number of estimators was also set to
100. This ensures stability and reduces the
variance in predictions by averaging across
multiple classifiers, each trained on different
subsets of the data. This approach reinforces
model robustness and improves accuracy,
especially useful for data with potential noise.

e Logistic Regression, the maximum number of
iterations was set to 100 to ensure that the model
had ample opportunity to converge. This
parameter controls the training duration, balancing
adequate model tuning with computational
efficiency.

e Gaussian Naive Bayes (GaussianNB) was used
without specific parameter adjustments, as it relies
on probability distributions and assumes feature
independence, making it a straightforward yet
effective choice for classification tasks in this
study.

e Gradient Boosting was configured to include 100
boosting stages, which provides enough stages to
gradually correct errors from previous models
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while avoiding overfitting. This balanced
approach enhances accuracy and helps the model
perform better on complex data structures.

e Extra Trees, the number of trees was also set to
100, like Random Forest. This additional
randomness in splitting nodes enhances
generalization and further stabilizes the model’s
output by reducing prediction variance.

o  XGBoost, the number of trees was set to 100, the
learning rate to 0.1, and the maximum depth to 3.
These settings ensure that each tree contributes
gradually, allowing the model to learn
incrementally and prevent overfitting. The depth
limit of 3 helps maintain a simpler model that is
computationally efficient and performs well on
structured data.

e ANN uses the sgd (stochastic gradient descent)
optimizer with an initial learning rate of 0.05. This
configuration consists of two hidden layers with
64 and 32 nodes, respectively, and employs the
ReLU activation function, which helps capture
more complex patterns in the data. The adaptive
learning rate allows efficient training by adjusting
the learning rate as needed throughout the 500
training iterations. With a batch size of 32, this
setup ensures a controlled and gradual learning
process, making it well-suited for datasets where
the complexity of decision boundaries benefits
from a deeper network.

e For comparison purposes, this Convolutional
Neural Network (CNN) model was tested to
evaluate its effectiveness in binary classification
of RPL-based routing attacks, leveraging both
convolutional and fully connected layers to
capture key patterns in the data. The architecture
begins with a 1D convolutional layer with 32
filters and a kernel size of 2, using RelLU
activation to extract local features from the input
time series data. A subsequent max pooling layer
with a pool size of 2 reduces dimensionality,
focusing on the most relevant features while
minimizing computation and overfitting. The
output is flattened and passed through a dense
layer of 50 neurons with ReLU activation,
enabling the model to learn complex relationships.
Finally, a single neuron with a sigmoid activation
outputs a probability score for binary
classification, and the model is compiled with the
adam optimizer and binary_crossentropy loss
function, ensuring effective training and accuracy
in distinguishing attack instances from normal
activity.

Test results

The tests are performed on the Visual Studio Code platform,
Python version 3.12, AMD Ryzen 5 5500 3.60 GHz

processor, and 32 GB RAM. Different files containing 4
different attack types in the ROUT-4-2023 dataset are
merged. This merged file is analyzed.

In the process of feature selection, all 13 features, excluding
"time, source, destination", are utilized for feature
extraction. Because these parameters will not be meaningful
for the nodes that may join the network. The dataset is
randomly divided into training and test data using 5-fold
cross-validation (k=5). The results are presented by
averaging 5 different cross-validation iterations for each
model.

Performance metrics

Explanation of the expressions used in the measurement
parameters:

» True Positive (TP): This statistic corresponds to
the number of instances in which the
IDS accurately identified and detected attacks.

» True Negative (TN): Refers to the count of
instances where the IDS accurately identified that
no attacks were present.

» False Positive (FP): This metric quantifies the
number of instances where an IDS erroneously
identified an attack when no attack really
occurred. This encompasses instances where
IDS erroneously detected and reported an attack
despite the absence of an actual attack.

» False Negative (FN): Refers to the instances where
IDS incorrectly indicated that no attack had a
place, despite the presence of an actual attack.

» Accuracy: Refers to the proportion of correctly
classified instances. This metric represents the
proportion of events to total events that IDS
correctly detected. It is often the most fundamental
metric used to evaluate the performance of a
model. The calculation of Accuracy is given in
Equation 1.

TP+ TN

x 1 1
TP+TN+FP+FN 00 @

Accuracy =

» Recall: The ratio of true positives (predicted
positives) to all positives. Also known as
sensitivity. The calculation of Recall is given in
Equation 2. Recall is an important metric that
evaluates the ability of a model to accurately
detect the positive class. A high recall value means
that the model correctly detected most of the
positive samples, while a low recall value means
that the model missed some of the positive
samples or classified them as false negatives.

Recall = x 100 )

T
TP +FN
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Table 4. Performance Evaluation of Data

Algorithm Accurac Recall Precision F1 Score Trainin Prediction

’ (%) Y (%) (%) (%) Time (s§J Time (s) AUC Log Loss
AdaBoost 81.5297 | 72.2550 | 74.6953 73.4403 84.5643 1.8047 0.7943 6.6574
KNN 99.8008 99.7338 99.7030 99.7184 3.5782 24.6636 0.9979 0.0718
Random Forest 99.9783 | 99.9678 | 99.9709 99.9693 113.0783 1.8342 0.9998 0.0078
Decision Tree 99.9920 | 99.9872 99.9899 99.9886 4.0960 0.0252 0.9999 0.0029
Bagging 99.9945 99.9907 99.9937 99.9922 294.4614 2.2958 0.9999 0.0020
Logistic Regression 72.4614 | 50.9102 | 63.8869 56.6651 1.0133 0.0078 0.6758 9.9258
Gaussian NB 71.7257 53.6537 61.4907 57.3055 0.2468 0.0546 0.6763 10.1910
Gradient Boosting 90.6458 | 90.6384 | 84.1389 87.2671 170.6360 0.2920 0.9064 3.3715
Extra Trees 99.9617 99.9405 99.9512 99.9458 58.3624 2.9720 0.9995 0.0138
XGBoost 89.9186 90.0350 82.9247 86.3333 1.5107 0.0531 0.8994 3.6336
ANN 95.6652 | 93.5362 | 94.1708 93.8456 3396.4120 0.1137 0.9518 1.5623
CNN 87.9658 80.0843 85.1612 82.4647 313.6185 7.0707 0.8618 4.3375

Precision: The ratio of predicted positives to true
positives (true positives and false positives). That
is, the percentage of data points that the model
predicts as positive is correct. The calculation of
Precision is given in Equation 3.

x 100 3)

p . . -
recision TP + FP

F1 Score: A measure that balances precision and
recall. It is more useful for low precision and low-
recall models. The calculation of F1 Score is given
in Equation 4.

Precision X Recall

F1Score =2 X x 100 (4)

Precision + Recall

Training Time: Represents the training time of the
model in seconds. This is the time it takes to train
the model on a given training dataset.

Prediction Time: Represents the model's
prediction time in seconds. That is, the time it
takes the trained model to predict new data points.

AUC: Represents the area under the Receiver
Operating Characteristic (ROC) curve. This area is
used to evaluate the classification performance of
the model. The closer to 1, the better the
performance of the model.

Log Loss: Represents the logarithmic loss value. It
measures how far the model's predictions are from
the true labels. A lower log loss indicates better
model performance. The calculation of Log Loss
is given in Equation 5.

(vi): True label (0 or 1)
(¥,): Estimated probability (between 0 and 1)

n
1
Log Loss = — ;Z()’i log(3)

L (3)
+ (1 =) log(1-73))

Performance evaluation

Table 4 shows the performance of different machine
learning algorithms.  Performance metrics include
Accuracy, Recall, Precision, F1 Score, training time,
prediction time, AUC, and Log Loss.

The AdaBoost model provided an Accuracy of 81.53%.
Recall and Precision are 72.25% and 74.70% respectively.
The F1 score is 73.44%. The training time is 84.56 seconds,
while the prediction time is 1.80 seconds. The AUC is
0.7943 and Log Loss is calculated as 6.6574.

KNN model has the highest accuracy rate with 99.80%
accuracy rate. Recall is 99.73%, Precision is 99.70% and F1
score is 99.72%. Training time is 3.58 seconds and
prediction time is 24.66 seconds. AUC is 0.9979 and Log
Loss is 0.0718.

The Random Forest and Decision Tree algorithms have
very high accuracy rates (99.98% and 99.99%). Other
performance metrics are also very high. Training times
increase depending on the number of decision trees.

The Bagging algorithm demonstrates the highest
performance among the evaluated machine learning
algorithms, achieving an exceptional accuracy of 99.99%.
It also exhibits outstanding results in recall (99.99%),
precision (99.99%), and F1 score (99.99%). These high
values underscore the model's robustness and reliability in
detecting and classifying RPL-based routing attacks.
However, the Bagging algorithm's training time is
significantly longer than the other algorithms, taking 294.46
seconds. This extended training duration is a trade-off for
its superior accuracy and robustness. The algorithm's ability
to aggregate multiple decision trees enhances its
performance but also increases computational complexity
and resource requirements. Despite this, the Bagging
algorithm remains highly effective choice for scenarios
where accuracy and robustness are paramount, and the
available computational resources can accommodate the
increased training time.

Logistic Regression yields a lower accuracy rate at 72.46%,
with Recall at 50.91% and Precision at 53.69%. The model's
F1 score stands at 56.67%, and training and prediction times
are 1.01 seconds and 0.0078 seconds respectively, making
it a fast but less reliable option for this context. AUC is
0.7373, and Log Loss is high at 9.9258.
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Table 5. Performance Evaluation of Noisy Data

-, - _— Accuracy
. Accurac Recall Precision F1 Score Trainin Prediction Lo S

Algorithm (%) Y (%) (%) (%) Time (s? Time(s) | AYC Loss De‘(’;)t)'on
AdaBoost 74.4405 68.5732 72.9462 69.5364 371.7664 2.3089 0.7931 0.6121 -7.0892
KNN 80.0297 78.1973 78.1546 78.1755 4.5428 223.8360 0.7820 7.1980 -19.7711
Random Forest 84.7978 81.5923 84.5195 82.6986 732.0494 6.2169 0.9182 0.3408 -15.1805
Decision Tree 77.9885 76.0722 75.9234 75.9958 47.5945 0.0777 0.7607 7.9337 -22.0035
Bagging 84.5792 81.5007 84.1192 82.5133 2972.2421 6.9626 0.9151 0.3539 -15.4153
Logistic Regression 72.4199 67.5026 69.8124 68.1653 2.3690 0.0082 0.7373 0.5609 -0.0415
Gaussian NB 71.8279 67.7259 69.011 68.1852 1.2164 0.0479 0.6784 0.8238 +0,1022
Gradient Boosting 78.5013 74.5297 77.0944 75.4244 767.7227 0.3091 0.8552 0.4467 -12.1445
Extra Trees 84.6286 81.3143 84.4100 82.4655 132.4850 9.1348 0.9171 0.3463 -15.3331
XGBoost 78.4861 74.4181 77.1341 75.3477 2.0502 0.0569 0.8531 0.4485 -11.4325
ANN 83.7789 80.4484 83.3294 81.5252 1850.0085 0.11329 0.9128 0.3406 -11.8863

CNN 81.7325 77.4846 81.6391 78.7808 321.4079 7.3378 0.8902 0.3814 -6.2333

Gaussian NB shows an accuracy rate of 71.73%, with
Recall at 53.63% and Precision at 61.49%, resulting in an
F1 score of 57.30%. The model's training and prediction
times are notably short at 0.246 and 0.0546 seconds
respectively. AUC is relatively low at 0.6763, and Log Loss
is high at 10.1910, indicating limited applicability for this
application.

Gradient Boosting achieved an accuracy of 90.65%, Recall
at 89.63%, and Precision at 84.14%, giving an F1 score of
87.27%. Training time is considerable at 170.63 seconds,
while prediction time is 2.92 seconds. AUC stands at
0.9064, and Log Loss is 3.3715, showing reliable but
computationally intense performance.

Extra Trees achieved an accuracy of 99.96%, with Recall at
99.94%, Precision at 99.95%, and F1 score at 99.94%.
Training time is 58.36 seconds, and prediction time is 2.97
seconds. AUC is high at 0.9995, and Log Loss is low at
0.0138, making it a strong choice.

XGBoost achieved an accuracy of 99.91%, Recall at
99.03%, and Precision at 99.03%, resulting in an F1 score
of 99.03%. The training time is 112.07 seconds, and the
prediction time is 2.53 seconds. AUC is 0.9994, and Log
Loss is 0.0249, indicating high reliability and confidence in
predictions.

The ANN model achieved an accuracy of 95.66%,
indicating high classification performance. It has a recall of
93.53%, precision of 94.17%, and an F1 score of 93.84%,
which demonstrate its effectiveness in correctly identifying
both positive and negative cases. The model's AUC is
0.9518, reinforcing its strong performance in distinguishing
between classes. However, the training time for ANN is
notably high at 3396.41 seconds, which highlights the
model's computational demands. The prediction time is
relatively low at 0.1137 seconds, making it efficient during
the testing phase. This setup suggests that while ANN
requires substantial resources for training, it provides a
robust performance and quick predictions, making it
suitable for applications where high accuracy is prioritized
over training speed.

CNN achieved an accuracy of 87.97%, Recall of 80.08%,
and Precision of 85.16%, with an F1 score of 82.46%.
While the training time is lengthy at 313.62 seconds, AUC
is 0.8618, and Log Loss is 4.3375, making it suitable for

tasks involving complex feature extraction at the expense of
computational efficiency.

As a result, when model performances are analyzed, it is
seen that the Bagging model shows the highest
performance. However, ANN has the longest training time
among the models. The Decision Tree model stands out
with its high accuracy rate and very low training and testing
times. It is important to take this into consideration when
making a choice in the application context.Given the critical
importance of attack detection in 10T networks, where
timely and accurate identification of threats is crucial for
maintaining network security and performance, selecting
the appropriate model is essential. The effectiveness of
these models directly impacts the ability to safeguard loT
environments against malicious activities.

Performance evaluation of noisy data

In this study, we also test the performance of machine
learning algorithms on noise-added data. In the real world,
data is not always clean and error-free. Noise is inevitable
in data collection processes. Testing how algorithms deal
with noisy data increases the reliability of models in real-
world applications.

For noise, a certain level of random normally distributed
noise is added to the feature values of the dataset. The noise
level is determined by multiplying the standard deviation of
the data by 10%. This process is used to simulate real-world
data collection errors. The noise addition process involves
the following steps:

The noise level is determined. This level determines the
magnitude of the added noise. The noise level ( 6,,,is¢) IS @
ratio of the standard deviation of the available data. Random
noise is generated for each feature. This noise is generated
by random numbers drawn from a normal distribution
(Gaussian distribution), as shown in Equation 6:

noise; ~ N (0, G,pis¢ * 1) @,

- (noise;): Random noise for column i
- (0;): Standard deviation of column i

- (Opoise): Noise level (6,550 = 0.1)
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The generated random noise (D,,;s,,) is added to a copy of
the original data set (Dy,o;sy,), as shown in Equation 7:

Dnoisy[: ) l] = D[: ) l] + noisei (7)

- D[:,i]: i column of the original data set
-Dpoisyl:,1]: i column of the noise-added data set

There are no negative values in the dataset, so Equation 8 is
used to take the absolute value of all values in column i. in
the matrix D,,,;5,, making negative values positive.

Dnoisy [: ’ l] = |Dnoisy [: ’ l]| (8)

Analysis of noisy data is given in Table 5. The Accuracy
Deviation (%) column represents the difference in accuracy
between the noisy and original data, expressed as a
percentage. According to Table 5, the Random Forest
algorithm achieves the highest accuracy on noisy data, with
an accuracy of 84.79%, recall of 81.59%, precision of
84.51%, and F1 score of 82.69%. Additionally, it has an
AUC of 0.9182 and a Log Loss of 0.3408, which
demonstrates the Random Forest algorithm’s robustness in
handling noisy data effectively.

In contrast, the Decision Tree algorithm experiences a
significant decrease in accuracy on noisy data, achieving an
accuracy of 77.98%, recall of 76.07%, precision of 75.92%,
and F1 score of 75.99%. The AUC for Decision Tree drops
to0 0.7607, and Log Loss increases to 7.9337, indicating that
the Decision Tree algorithm is notably more sensitive to
noise. This is likely due to the Decision Tree's reliance on a
single tree structure, making it more susceptible to noise or
outliers, which can cause larger fluctuations in accuracy.

Both Random Forest and Bagging mitigate this issue by
employing multiple decision trees, which collectively
reduce the influence of individual tree errors and enhance
model generalization. This ensemble approach diminishes
the sensitivity to noise, making them more resilient.
However, in this study, Random Forest not only
outperforms Bagging in terms of accuracy but also achieves
faster results due to its methodology of using a random
subset of features for each tree. This approach decreases
training time and further minimizes the correlation between
trees, giving Random Forest an edge over Bagging.

Bagging, on the other hand, trains each decision tree on the
full set of features, requiring more computational power and
time. This model often involves a larger number of trees to
achieve a strong generalization, which extends the training
duration. While Bagging provides a highly robust and
resilient model, it is more resource-intensive compared to
Random Forest. The results in Table 5 demonstrate that
Random Forest not only achieves a faster training time but
also exhibits higher accuracy and robustness within the
context of noisy data, outperforming Bagging.

Other algorithms, such as KNN and Gradient Boosting, also
show reasonable resilience to noise, with accuracy rates of
80.30% and 85.50%, respectively. However, Logistic
Regression and Gaussian NB exhibit lower performance,
with Logistic Regression achieving 72.42% accuracy and

Gaussian NB achieving 71.82%, highlighting their
limitations in handling noisy data effectively.

Finally, the neural network models ANN and CNN present
varying performance levels under noisy conditions. While
ANN and CNN demonstrate relatively high accuracy levels
of 83.78% and 81.73%, respectively, the training times are
considerably longer, particularly for ANN. This suggests
that while neural networks can adapt to noisy data, they may
require extensive computational resources, which could be
a consideration in resource-constrained environments.

In summary, Random Forest stands out as the most effective
model for handling noisy data, combining high accuracy,
reasonable training time, and resilience against noise,
making it a suitable choice in noisy environments.

Discussion

In this study, various machine learning algorithms were
evaluated for detecting RPL-based routing attacks using the
ROUT-4-2023 dataset. Results show that tree-based
models, especially Random Forest, Decision Tree, and
Bagging achieved higher accuracy and outperformed deep
learning models like ANN and CNN. This can be attributed
to the structure of the dataset, which allows tree-based
algorithms to effectively separate attack types, resulting in
superior performance without the computational
complexity of deep learning models.

Due to the novelty of the ROUT-4-2023 dataset,
comparisons with prior studies were not possible, as this
dataset has not been previously used in the literature. This
limitation highlights the need for further studies utilizing
ROUT-4-2023 to establish a broader comparative
framework.

Overall, the distinct features of the ROUT-4-2023 dataset
enabled tree-based methods to provide efficient and
accurate classifications. While ANN and CNN showed
potential, their longer training times and computational
demands did not yield notable benefits over simpler,
interpretable tree models in this case. Future studies could
explore deep learning approaches further on larger or more
complex datasets to reassess their effectiveness in this
context.

Conclusion

This study evaluated the effectiveness of various machine
learning algorithms for detecting RPL-based routing attacks
in 10T networks. Using the ROUT-4-2023 dataset, we
demonstrated that tree-based models, particularly Decision
Tree, Bagging, and Random Forest, achieved high
accuracy, with Decision Tree and Bagging reaching an
impressive accuracy of 99.99% on the combined dataset. To
represent real-world conditions, a 10% noise level was
added to the dataset, where Random Forest performed the
best with an accuracy of approximately 84.80%. These high
accuracy rates underline the suitability of machine learning-
based IDS for classifying attack types in RPL-based
networks, enhancing security and resilience in low-power
and lossy network environments. On the other hand, due to
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the easily separable nature of the dataset, more complex
models like ANN and CNN did not achieve similarly high
performance, underscoring that simpler models can be
highly effective for this specific dataset. Our results
highlight the advantages of machine learning in fortifying
RPL protocol security, establishing a solid foundation for
further research. Future studies may explore more advanced
models, such as deep learning, to assess their potential in
improving detection capabilities. Additionally, real-world
testing across diverse loT settings would be essential to
validate the practical applicability and robustness of these
models in live environments.
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Polyps are abnormal tissue growths that often serve as early indicators for various types of cancer.
Early detection is crucial in the treatment of diseases like colorectal cancer, which has a high mortality
rate. There is a significant need for automated diagnostic systems to detect these cancers efficiently. This
article introduces a deep learning-based diagnostic system using the Deeplabv3+ architecture, which is
enhanced by integrating four different backbone networks: Model 1 (DeeplabV3+), Model 2 (ResNet50),
Model 3 (SqueezeNet), and Model 4 (VGG16). The enhanced architectures have been tested on the
publicly available Kvasir-SEG and CVC-ClinicDB datasets for the task of polyp segmentation.
Experimental results indicate that the best segmentation performance on the Kvasir-SEG dataset was
achieved with Model 1, showing a mean Dice coefficient (mDice) of 0.858, a mean Intersection over
Union (mloU) of 0.850, an accuracy (Acc) of 0.948, a recall of 0.824, and a precision (Pr) of 0.896. For
the CVC-ClinicDB dataset, the highest metrics were observed with Model 2 for mDice (0.914) and mloU
(0.912), and Model 1 for specificity (Sp) at 0.996 and precision at 0.959, whereas Model 4 exhibited the
highest accuracy of 0.974. These results demonstrate the effectiveness of our models in automating the
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detection of polyps, potentially aiding in the early diagnosis of colorectal cancer.

Introduction

Medical image segmentation represents a highly sensitive
and challenging field with significant impacts on human
health. Challenges such as overlapping cells, differentiation
of retinal blood vessels into arteries and veins, skin lesions
obscured by hair, and polyps of various shapes and sizes
exemplify the difficulties faced in this domain. However,
recent years have witnessed rapid progress and significantly
improved success rates in various areas of medical image
segmentation, including retina [1], cell [2], mammogram
[3], skin [4], and polyp segmentation [5], driven by
advancements in deep learning methods. These
developments constitute a significant leap forward in the
field of medical image analysis, enhancing not only
diagnostic accuracy but also streamlining workflows within
medical practices. The integration of deep learning into
medical imaging paves the way for more precise, efficient,
and potentially life-saving diagnostic procedures.

Polyps, which are abnormal tissue growths developing on
surfaces such as the colon, rectum, and stomach, represent
one of the primary areas where deep learning architectures
have been extensively applied in medical fields. Although
polyps may appear benign, they increase the risk of cancer.
According to cancer statistics published in 2022, colon and

rectum cancer ranks third worldwide in cancer-related
deaths [6].

The early detection of polyps can facilitate timely treatment
options and potentially reduce mortality rates associated
with polyp-related complications. To achieve early
detection, automated segmentation systems are essential.
However, the segmentation of polyps is challenged by their
irregular shapes, size variations, and differences in location
and color. To address these challenges, a significant number
of studies have been conducted in the literature. These
studies and advanced methodologies are discussed in
greater detail under the 'Related Work' section.

Related work

Traditional methods of polyp segmentation rely on manual
feature extraction processes [7],[8]. With the advent of deep
neural network architectures that minimize manual
intervention by extracting semantic information from high-
dimensional images, researchers have increasingly focused
on leveraging these architectures.

Gangrade et al.[9] proposed a modified DeepLabV3+
architecture for polyp segmentation from colonoscopy
images. This architecture is comprised of encoder and
decoder layers. The encoder utilizes a pre-trained dilated



DUJE (Dicle University Journal of Engineering) 15:4 (2024) Page 797-805

convolutional residual network to optimally achieve feature
map resolution. The encoder-decoder structures include the
Atrous Spatial Pyramid Pooling (ASPP) module and the
ResNet101 backbone used in the proposed model. ASPP
generates a multi-scale feature map by employing atrous
convolution and global average pooling. Zhang et al. [5]
have proposed the Dual-Branch Multi-information
Aggregation Network (DBMIANet) method to segment the
same type of polyps reliably and effectively. DBMIA-Net
employs three auxiliary modules to enhance its feature
extraction and segmentation capabilities. These are the
Adaptive Channel-Wise Graph Convolution (ACGC),
Global Information Aggregation (GIA), and Edge
Information Aggregation (EIA) modules. These modules
are utilized by a transformer encoder and a Convolutional
Neural Networks (CNN) encoder. The GIA module is used
in aggregating global information, whereas the EIA module
is employed for edge information aggregation. The ACGC
module has been developed to improve the capability of
learning channel feature associations representation. Li et
al. [10] have proposed a model to address the challenge of
detecting small polyps. The proposed model utilizes a two-
stage transfer learning approach. In the first stage, the
network is trained to identify specific areas of polyp lesions
and to save initial weights. The second stage employs
transfer learning to segment the relevant area in more detail.
A Pyramid Vision Transformer (PVT) has been used as the
feature backbone.

Li et al. [11] proposed a cross-level information fusion and
guidance-oriented approach to polyp segmentation
networks. The method employs a transformer encoder to
build a robust feature representation. Modules such as the
Edge Feature Processing Module (EFPM) and Crosslevel
Information Processing Module (CIPM) are utilized to
enhance the feature information coming from the encoders.
EFPM focuses on the boundary information of polyps and
is used to gather and process multi-scale features
transmitted by various encoder layers. An Information
Guidance Module (IGM) has been suggested to combine
the processed features of EFPM and CIPM, maximizing the
segmentation effect. Jia et al. [12] have proposed a semi-
supervised framework named PolypMixNet, aimed at
achieving colorectal polyp segmentation. The framework
utilizes a mean teacher architecture and novel augmentation
techniques within its model architecture. PolypMixNet
includes a Polyp-Aware Mix-Up Algorithm (PolypMix)
and a dual-level consistency regularization. PolypMix
enhances the diversity of training data and addresses class
imbalance in colonoscopy datasets. He et al. [13] introduced
the Boundary-Guided Filter Network (BGF-Net), known
for achieving enhanced medical image segmentation. In the
proposed model, DeepLabV3+ has been selected as the
backbone for BGF-Net. BGF-Net is composed of four main
components: ResNet-101, Channel Boundary Guided
(CBG), Spatial Boundary Guided (SBG), and Boundary
Guided Filter (BGF). During the encoding process, CBG is
connected to ResNet-101 to extract channel weights about
boundary features. SBG is designed to capture spatial
weights and to guide and optimize low-level features. BGF
directs and preserves appropriate segment boundaries

through refined boundary resolution. Liu et al. [14] have
proposed a novel Feature Combination Network (FCA-Net)
for accurately detecting polyp sizes and locations. The
proposed model comprises three modules: the Edge
Perception Module (EPM), the Boundary-Guided Feature
Aggregation Module (BFAM), and the Iterative Context
Aggregation Module (ICAM). EPM is capable of
simultaneously extracting initial boundary guidance maps
from both low and high-level features. BFAM enhances
hierarchical features, better preserves boundary details, and
recalibrates positioned objects by integrating boundary
information into the segmentation network. ICAM employs
a contextaware approach to better leverage dependencies
between features at different scales. Wang et al. [15]
introduced CPSNet, a novel model for concealed polyp
segmentation. CPSNet consists of three main modules: the
Deep Multi-Scale Feature Fusion Module (DMF), the
Camouflaged Object Detection Module (CDM), and the
Multi-Scale Feature Enhancement Module (MFEM). These
modules work collaboratively to enhance the segmentation
process, increasing both resilience and accuracy. The model
employs the DMF module for the progressive fusion of
features, gathering structural and semantic information of
polyps from deep features. CDM is used in shallow features
to effectively identify camouflaged and concealed polyps.
Furthermore, MFEM has been developed to seamlessly
combine shallow and deep features, considering both local
and global perspectives.

Liu et al. [16] detail the components of the proposed CAFE-
Net architecture, which includes the PVT as its backbone,
the Feature Completion and Exploration Module (FSEM),
the Cross-Attention Decoder Module (CADM), and the
Multi-Scale Feature Aggregation (MFA). During the
decoder phase, CADM has been utilized to successfully
amalgamate high and low-level features. Shao et al. [17]
highlight that the variability in shapes and sizes of polyps
poses challenges in early diagnosis. To address this issue,
the Adaptive Feature Aggregation Network (AFANet) has
been proposed. The proposed model is composed of the
Multi-modal Balancing Attention Module (MMBA) and the
Global Context Module (GCM). The MMBA module
facilitates the extraction of enhanced local features by
utilizing contextual information in the foreground,
background, and edge regions of images, paying special
attention to these areas. The GCM module, on the other
hand, captures the global contextual features from the top
of the encoder to examine the pathological image's global
contextual characteristics in greater detail, and then
transfers these features to the decoder layer. Muhammad et
al. [18] have proposed a novel polyp segmentation method
known as MMFIL-Net. The proposed model incorporates
the Hierarchical Multi-Source Feature Interaction Module
(HMFIM) and Multi-Source Feature Interaction Blocks
(MFIB). MFIB aims to achieve generalized performance by
manipulating multi-level and multi-source features to
minimize the differences between low and high-level
feature maps. Additionally, the Multiple Receptive Field
Feature Interaction Block (MRFFIB) addresses
segmentation issues of polyps of various sizes. To tackle the
challenge of detecting and segmenting early-stage polyps
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with ambiguous boundary information, the Dual Source
Attention Fusion Block (DSAFB) was developed. The
model utilizes EfficientNet-B0 as its encoder block. Yue et
al. [19] have introduced the Boundary Uncertainty Aware
Network (BUNet) to enhance polyp detection. Emphasizing
the awareness of the shapes and sizes of polyps, a PVT
encoder has been used to learn multi-scale feature
representations. For low-level features, the Boundary
Exploration Module (BEM) was preferred. Utilizing
boundary information from BEM, the Boundary
Uncertainty Aware Module (BUM) was proposed for
detecting error-prone areas in high-level features. The
pyramid image transformer PVT-V2 was employed to
extract multi-scale and robust features. BUM consists of
two parallel convolutional branches, which are supervised
by the ground truths of the polyp and background. By taking
the difference between feature maps generated from these
branches, boundary uncertainty regions are identified,
incorporating boundary cues from the BEM module.

Ahmed and Hasan [20] proposed a Twin Segmentation
Network (Twin-SegNet) to enhance segmentation
performance by merging polyp and background
reconstructions. The model is structured into three main
components: polyp and background segmentation models,
the Partial Channel Recalibration (PCR) section, and the
merging section. To ensure accurate segmentation of polyp
regions and the background, mean squared error has been
utilized. The Wavelet Convolutional Block (WCB) is
recommended for edge information, while the Partial
Channel Recalibration (PCR) block is proposed to allow for
mutual feature exchange. In the initial part, the final
convolution layer and sigmoid activation are extracted. The
concluding part contains a final convolution layer followed
by a sigmoid to generate the foreground and background
segmentation maps. Fan et al. [21] have proposed Super-
Resolution-Assisted Small Targets Polyp Segmentation
Network (SRSegNet), emphasizing unified learning and
multi-task learning. The proposed model consists of two
main components. Firstly, a method for joint learning of
high and low resolutions is utilized. It comprises two sub-
segmentation branches that process the network's high and
low-resolution inputs simultaneously. Each branch extracts
features at different resolution levels and collectively they
extract the network’s entire feature set. Secondly, a multi-
task learning approach is employed. This approach includes
two sub-branches within the network, each conducting two
different tasks simultaneously: low-resolution
segmentation and super-resolution. Liu et al. [22] proposed
the Multi-level Feature Fusion Network (MLFF-Net) to
enhance segmentation performance by integrating multi-
level feature fusion and attention mechanisms. The network
is comprised of three modules: the Multi-scale Attention
Module (MAM), the High-level Feature Enhancement
Module (HFEM), and the Global Attention Module (GAM).
MAM collects polyp details and information at various
scales from the shallow outputs of the encoder. In HFEM,
deeper features from the encoders are interlinked,
enhancing the overall feature set. Meanwhile, the attention
mechanism within HFEM reorganizes the importance of the
combined features, dampening irrelevant components while

accentuating information critical to the task. GAM merges
information from both encoder and decoder features and is
used to model dependencies between different regions of an
image, ensuring the model accounts for information from
more distant. Pan et al. [23] proposed A Global Guided
Local Feature Stepwise Aggregation Network for polyp
segmentation (GLSNet) to improve performance in polyp
segmentation. The model incorporates three modules: the
Spatial Feature Enhancement (SFE) module, the Globally
Guided Local Feature Enhancement (GLFE) module, and
the Feature Stepwise Aggregation (FSA) module. The SFE
module enhances the spatial features of polyps, allowing for
the acquisition of more detailed information about them.
The GLFE module utilizes high-level features to capture
noise in low-level features and uncovers polyp information
hidden within superficial features. Lastly, the FSA module
combines positional and semantic information of polyps
across different scales to achieve the final segmentation
results.

Lin et al. [24] introduced CSwinDoubleU-Net, a novel dual
U-shaped image segmentation network that combines an
interlaced convolutional structure with Shifted Windows
(Swin) Transformer to address segmentation challenges
such as differentiation between polyp regions and
backgrounds and motion blur. The model is a CNN-based
structure featuring a U-shaped encoder and decoder. The
first U-shaped encoder network ensures the precise location
of encoded features at each step by considering positional
information, achieved through multiple convolutional
layers. Subsequently, the second U-shaped encoder
network garners additional global feature information using
Swin Transformer layers with the shifted window
technique. Finally, a Convolution Feature And Self-
Attention Feature Fusion Module (CSFFM) has been
developed to merge local convolutional features from the
first U-shaped structure with global self-attention features
from the second U-shaped structure. Liu and Song [25]
proposed Attention Combined Pyramid Vision Transformer
(Att-PVT), a novel approach that combines CNN and PVT
to accurately detect the position and size of polyps. The
proposed model consists of three main components:
Multidimensional Information Extraction (MIE), Cascaded
Context Integration (CCI), and Multilevel Feature Fusion
(MFF). Att-PVT utilizes feature maps through the MIE
module. CCl aims to learn semantic and spatial information
by adaptively combining the top three layers of polyp
features. The MFF module integrates boundary information
from a higher-level global map with lower-level layers.
This module is crucial for the accurate segmentation of
colorectal polyps. Nguyen and Nguyen [26] proposed
PolyPooling, a model designed for the precise segmentation
of polyps. The encoder utilizes PoolFormer, employing a
hierarchical structure to encode multilevel features. For
decoding, the model leverages the Hamburger module and
the Convolutional Block Attention Module (CBAM). The
SegFormer decoder processes blocks in parallel with
associated MLP modules before combining them. Within
the proposed model, the Channel-wise Feature Pyramid
(CFP) and refinement module are used in conjunction with
the Pooling Reverse Attention module (Pooling-RA). CFP
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enables parallel learning while capturing finer details. The
Pooling-RA module is suggested to mitigate computational
complexity. Huang et al. [27] proposed a U-Net neural
network model to enhance segmentation accuracy rates.
The traditional U-Net serves as the foundational
architecture for Reparameterized Convolutional Network
(RCNU-Net). For segmentation, a specific loss calculation
method known as CDLoss is employed within the proposed
model. To prevent gradient loss, a multi-branched structural
model is utilized. The CBAM acts as a crucial bridge by
expanding the receptive field of filters in both channel and
spatial dimensions. This facilitates a secondary feature
extraction that leverages attention benefits for superior
contextual information aiding segmentation. This study
employs a joint loss calculation method that combines both
Cross-Entropy Loss (CELoss) and Dice Loss in the overall
architecture.

Despite new methods emerging in the literature for polyp
segmentation, researchers have yet to fully overcome the
challenges encountered in polyp segmentation. This field
remains highly current and exciting. In this article, unlike
other literature studies, the performance of the DeeplabV3+
architecture's backbone networks, which have provided
quite successful results in segmentation processes, is
examined. Four different CNN architectures were applied
to the backbone network of the DeepLabV3+ architecture:
Model 1 (DeepLabV3+), Model 2 (ResNet50), Model 3
(SqueezeNet), and Model 4 (VGG16); and the results were
tested on two significant datasets.

The organization of the rest of the paper is as follows: In the
Materials and methods section, we present the Used
datasets, DeepLabV 3+ architecture, Evaluation metrics and
Implementation details. Results section contains the results
section, which presents the experimental studies and results.
The last section includes Discussion and conclusion.

Material and method
Used datasets

In this article, experiments were conducted on the two most
preferred datasets in polyp segmentation studies to compare
and evaluate the models used with the latest state-of-the-art
(SOTA) methods. These datasets are the publicly available
Kvasir-SEG dataset [28] and the CVC-ClinicDB dataset
[29].

The Kvasir-SEG dataset, created by expert clinicians in
2020, comprises a total of 1000 colonoscopy images. The
resolution of these images varies between 1920x1072 and
332x487. Ground truth (GT) images are available for all
1000 images. The CVC-ClinicDB dataset, introduced in
2015, consists of a total of 612 colorectal images obtained
from 31 colorectal sequences. Ground truth images are also
available for each image in this dataset.

DeepLabV3+ architecture

The DeeplLabV3+ architecture consists of encoder and
decoder modules [30]. The encoder is used to reduce feature
maps and extract a set of semantic features, while the
decoder is used to restore spatial information and generate
more explicit segmentation features. The DeepLabV3+

architecture is an enhancement of the DeeplLabV3
architecture. This network architecture adds a decoding
module based on DeepLabV3 and the output combination
of the encoder module becomes the input to the decoder
module. The architecture broadly employs a backbone
network and an ASPP mechanism. The ASPP mechanism
consists of one 1 x 1 atrous convolution and three 3 x 3
atrous convolutions with atrous rates of 6, 12, and 18,
respectively, along with a global pooling layer. The four
convolution operations and one pooling layer are processed
in parallel. The backbone network is utilized to extract
semantic information of features [31]. The original
DeepLabV3+ architecture employs the Xception model
Chen et al. [30] as its backbone network. Features from the
Backbone Network and ASPP mechanism are subjected to
4 times subsampling. Fig. 1 shows the DeepLabV3+
architecture. In this article, an end-to-end framework using
the DeeplLabV3+ architecture for the automatic
segmentation of polyps has been developed. DenseNet [32],
ResNet50 [33], SqueezeNet [34], and VGG16 [35] models
were used as the Backbone Network, and the segmentation
success of the architecture was tested across different
backbone networks.

The DenseNet architecture derives its name from "Densely
Connected Convolutional Networks." It is distinguished by
its dense connections, allowing each layer to receive inputs
from all preceding layers. This structure promotes the reuse
of features, increases the model's parameter efficiency, and
facilitates more effective gradient propagation through deep
networks. As a result, high performance is achieved with
fewer parameters, even in deeper networks.

The ResNet50 architecture is a popular CNN architecture
that utilizes the residual learning approach for deep
learning. Thanks to residual blocks, it enables efficient
transmission of gradients to deeper layers, thus overcoming
the vanishing gradient problem encountered with very deep
networks and facilitating easier model training. The
SqueezeNet architecture offers exceptional parameter
efficiency among CNN architectures. It uses 'fire' modules
in its structure and directly classifies the feature maps of
each class using global average pooling instead of fully
connected at the last layer, thus significantly reducing the
model size.

The VGG16 architecture is a CNN architecture that
demonstrates that depth can improve model performance.
In its structure, 3x3 convolutional filters and maximum
pooling layers are sequentially ordered and complemented
by three dense layers. Each convolution block improves in-
depth feature extraction by increasing the number of filters,
and the ReLU activation function is used.

Pre-trained CNN networks serve as the "backbone™ of the
model by extracting low-level features from the input
image. Using DenseNet architecture as the backbone
network for pre-trained DeepLabV3+ architecture is
referred to as Model 1, utilizing ResNet 50 architecture is
named Model 2, employing SqueezeNet architecture is
named Model 3, and utilizing VGG16 architecture is named
Model 4.
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Figure 1. DeepLabV3+ architecture

Evaluation metrics

There are many different evaluation metrics commonly
used in the field of medical image segmentation. This article
has opted for the most frequently used evaluation metrics,
and Equations (1)- (7) provide the mathematical
expressions for these metrics. In the mathematical
expressions, the terms FN, FP, TP, and TN are used to
denote the number of false negatives, false positives, true
positives, and true negatives, respectively.
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Implementation details

All CNN architectures integrated into the backbone
network of the DeepLabV3+ architecture have been trained
using the TensorFlow framework on an NVIDIA RTX
A4000 GPU. The same set of hyperparameters has been
chosen for each model. These parameters are presented in
Table 1.

Table 1. Optimal hyper-parameter values.

Hyper-Parameter Value
Learning rate 0,0001
Batch size 8
Optimizer Adam
Activation function ReLU

Results

The datasets used in polyp segmentation with the
DeepLabV3+ architecture have been divided into training,
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validation, and testing sets. Each dataset was shuffled
before being fed into the network and randomly split into
80% for training and 20% for testing. 20% of the data in the
training dataset was used for validation. Accordingly, of the
Kvasir-SEG dataset, 640 were used for training, 200 for
testing, and 160 for validation. For the CVC-ClinicDB
dataset, 392 were used for training, 122 for testing, and 98
for validation.

The experimental results obtained from the integration of
the DeepLabV3+ architecture with different CNN
architectures have been presented in terms of mDice and
mloU evaluation metrics for the Kvasir-SEG and CVC-
ClinicDB datasets, respectively, in Fig. 2 and Fig. 3.

1
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Figure 2. Results from the Kvasir-seg dataset.

According to Fig. 2, the evaluation metrics for the Kvasir-
SEG dataset results are displayed, indicating that the best
performance in polyp segmentation was achieved with
Model 1, while the lowest performance was observed with
Model 3.
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Figure 3. Results from the CVC-ClinicDB dataset.

According to Fig. 3, the evaluation metrics for the results
on the CVC-ClinicDB dataset are displayed, indicating that
the best performance in polyp segmentation was achieved
with Model 2, while the lowest performance was observed
with Model 3.

The quantitative findings of the models and their
comparison with SOTA methods are presented in Table 2.
The performance success of SOTA methods is derived from
the article by [9]. Gangrade et al. [9], conducted
experiments with a 256x256 image size and training for 25
epochs. Additionally, the learning rate was set at 0.0002,
and the Adam optimizer was chosen as the optimization
method.

The dataset was divided into 80% training, 10% validation,
and 10% testing. For the comparison to be fair, it's
necessary to keep the hyper-parameters consistent;
however, this article has conducted a comparison with
hyper-parameter analysis. Gangrade et al. [9] trained for 25
epochs, but this was not considered sufficient for updating
the weights. There might have been a case of overfitting.
Choosing a learning rate of 0.0002 can increase the
likelihood of the network getting stuck in local minima and
extend the time it takes to reach the global minimum. The
purpose of this table is to display the performance of
methods on datasets. Thus, it demonstrates the level at
which models obtained through the integration of different
CNN architectures with DeepLabV3+ architecture stand in
the literature.

In this article, data augmentation was not performed on the
two datasets used, and the data were not subjected to
preprocessing. Due to the images in the dataset being of
various resolutions, the images were provided to the
network architectures at a resolution of 256x256.

Fig. 4 and Fig. 5 display some example qualitative results
of experiments conducted on the Kvasir-SEG and CVC-
ClinicDB datasets, respectively. In these visuals, the first
column represents images from the original dataset. The
second column represents the ground truth (GT) images.
The last four columns show the segmentation results for
Model 1, Model 2, Model 3, and Model 4, respectively.

Looking at the test images provided in Fig. 4, it can be
observed that Models 3 and Model 4 have low segmentation
success in the third image. This situation indicates that these
architectures struggle with images of non-polypoid lesions.

When looking at the test images provided in Fig. 5, it is
observed that Model 3 is the most challenged. Upon
examining the visual results, it can be concluded that the
SqueezeNet architecture performs weaker as a backbone for
DeeplLabV3+ compared to other architectures.
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Test Image Modell Model2 Model3 Model 4

Figure 4. Kvasir-seg dataset segmentation results.

Test Image GT Modell Model2 Model3 Model4

Figure 5. CVC-ClinicDB dataset segmentation results.

Discussion and conclusion importance, especially in preventing serious health issues

. like colorectal cancer.
Polyps, although generally benign structures, can be

considered precancerous lesions in some cases. The early ~ This article presents polyp segmentation on colonoscopy
diagnosis and treatment of these structures are of great ~images using the DeeplLabV3+ architecture with various
backbone networks. In the method, pre-trained CNN
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networks are used as the backbone for the DeeplLabV3+
architecture. This approach allows the network to adapt
more quickly to datasets by leveraging what it has learned
from previous tasks, achieving higher performance with
less input.

The performance of the conducted study has been compared
with other SOTA methods in the literature. Upon examining
Table 2, it is observed that SOTA methods yield different
results for each dataset. According to the Table 2, the best
result on the Kvasir-SEG dataset was obtained with the
DeeplLabV3+ architecture's Inception backbone.

However, the best result on the CVC-ClinicDB dataset was
achieved with Model 2, which uses the ResNet50
architecture as its backbone network. Experimental studies
have been evaluated using metrics such as mDice, mloU,
Acc, Recall, SP, and MAE. According to these metric
results, the worst backbone network for both datasets was
the SqueezeNet architecture. In the study, experiments were
conducted on raw data without any data augmentation or
preprocessing. While this approach may reduce the models'
generalization ability, it has sped up the analysis of the
models’ performance on raw data. For the future, it is
recommended to modify the DeepLabV3+ architecture with
the Resnet50 backbone network to increase the models'
robustness and generalizability.
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Personel kayip tahmini, makine
ogrenmesi, insan kaynaklart
analitigi, veri analizi.

Sirketlerin siirdiiriilebilir basarisi igin yetenekli insan kaynagini sirkette tutundurmak olduk¢a 6nemlidir.
Bu calismada, arastirma yapmak amaciyla agik kaynak olarak Kaggle platformunda HR _comma_sep.csv
ismiyle yer alan 14.999 personelin verileri kullanilarak igten ayrilacak olan personelin tahminlenmesi
amaglanmigtir. Gradyan Artirma, Rastgele Orman ve Ekstrem Gradyan Artirma regresyon teknikleri ile
tahminleme yapilmistir. Degerlendirme metrikleri olan ortalama mutlak hata (mean absolute error), hata
karelerinin ortalamasi (mean squared error), R? skoru ve diizeltilmis R? (Adjusted R?) degerleri
karsilastirilmis olup 3 modelin de anlamli 6lgiide tahminleme yapabilir oldugu sonucuna ulasilmustir.
Ortalama hata skorlar1 birbirine oldukga yakin oldugu i¢in R? degeri 1’e en yakin olan Rastgele Orman
teknigi iizerinden 6zellik 6nemi ¢ikarilmistir. Incelenen 6znitelikler arasinda, isten ayrilmayi etkileyen en
6nemli 6zniteligin personel tatmini oldugu goriilmiistiir. Makine 6grenmesi tekniklerinin insan kaynaklar
alaninda kullaniminin, sirket icerisindeki yetenekli personeli sirkete tutundurma stratejilerini belirleme
anlaminda insan kaynaklar1 yoneticilerine oldukga faydali ¢iktilar tiretebilecegi diisiiniilmektedir.
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* Sorumlu Yazar

Retaining talented human resources within a company is crucial for sustainable success. This study aims
to predict staff turnover using a company's personnel data shared as open source for research purposes.
Predictions were made using Gradient Boosting Tree, Random Forest Trees, and XGBoosting Regression
techniques. The evaluation metrics used were mean absolute error, mean squared error, R? score and
adjusted R? values. It was concluded that all three models could make significant predictions. Since the
mean error scores of the three techniques were quite close to each other, feature importance was derived
from the Random Forest technique, which had an R? value closest to 1. Among the features examined,
employee satisfaction was found as the most important factor affecting staff turnover. It is believed that
the usage of machine learning techniques in human resources management could produce highly beneficial
insights for human resources managers in terms of determining strategies for retaining talented employees.
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Giris

Bir sirketin hedeflerine ulagmasi icin insan kaynagi
yonetimine Onem vermesi gerekmektedir. Yoneticilerin,
hizla degisen piyasa kosullarina gore dinamik sekilde karar
alabilmeleri ama ayni zamanda sirketi hedeflerine tasiyacak
personelin mutlulugunu goéz ardi etmemeleri gereklidir.
Ozellikle anahtar rolde bulunan personeli sirkete tutundurma
amaciyla sirketlerin (st yonetimleri ¢esitli yontemler
uygulayarak personellerin  tatminini artirict  hamleler
yapmaktadirlar.

Giin gectikge farklilasan sosyal, ekonomik ve teknolojik
kosullar, her alanda oldugu gibi insan kaynaklar1 alaninda da
yeni ihtiyaglar dogurmakta ve bu ihtiyaglar yeni
kavramlarin, teorilerin ve uygulamalarin ortaya ¢ikmasina
neden olmaktadir [1]. Isletmeler i¢in onemli degerlerden
birisi de kayiplarin o6nceden dogru sekilde tahmin
edilebilmesidir [2]. Miisterileri elinde tutma, sadece en iyi ve
faydali miisterileri rakiplerden korumak degil, ayn1 zamanda
onlar arasindaki iligki ve baglantilar siirdiirmek ve boylece
hizmet kullanimini ve buna bagl geliri korumaktir [3].

Insan Kaynag: (IK) analitigi, insan kaynaklar siireclerinin
her biri hakkinda daha iyi icgorii saglamak, ilgili verileri
toplamak ve daha sonra bu siireglerin nasil iyilestirilecegine
dair objektif kararlar almak amaciyla kullanilan siirec,
hesaplama veya modellerdir. insan kaynaklari analitigi
alaninda literatiir taramasi gergeklestirildiginde analitik
calismalarin, personel se¢im problemi ve mevcut personelin
ayrilip ayrilmamasi {izerine yogunlastigi goriilmektedir.
Personelin isten ayrilma (staff turnover) tahmini probleminin
ele almig yontemi olarak farkli farkli yaklagimlara
bagvuruldugu goriilmektedir. Shankar ve dig. [4] veri
madenciligi teknikleri kullanarak personelin isten ayrilma
problemini istatistiksel bakis agis1 ile tahminlemeye
caligmistir. Alao ve dig. [5], karar agaci yOntemini
kullanarak ge¢mis verileri analiz ederek personelin ayrilma
tahmininin yapilabilecegini géstermistir. Abdulsalam ve dig.
[6], rastgele orman (random forest) ve convolution neural
network algoritmalar1 kullanarak performans analizi
gergeklestirmis ve trend olan iki yontemi derinlemesine
inceleyerek performans karsilastirmasi yapmistir. Gao ve
dig. [7] ise 2009 yilinda rastgele orman yonteminin diger
makine 6grenmesi yontemlerinden daha basarili sonuglar
elde ettigini gosteren  bir  karsilastirmali  analiz
gerceklestirmiglerdir.

Tablo 1°de insan kaynagi analitigi alaninda ¢6ziilen
problemler ve bu problemleri ¢6zme yontemleri
siniflandirdmigtir.  Goriildigii gibi yazinda g¢ogunlukla,
personelin isten ayrilmast ve personelin ise alim
konularinda yogunlagilmis olup, yontemsel agidan makine
ogrenmesi tekniklerinin tercih edildigi goriilmektedir.

Tablo 1. Makine Ogrenmesi ile IK Analitiginde Yapilan
Siniflandirma ve Regresyon Caligmalari

Cahisma- | Calismanin Degerlendirme | Calisma Yapilan
Yil Tiirii Metrikleri Veri seti
Dogruluk orani, Calismada kullanilan veri seti
Keskinlik, IBM HR Analytics Employee
[8]-2018 | Siiflandirma Duyarlilik, F1 Attrition and Performance veri
degeri seti olarak belirtilmistir.
Dogruluk orani, | Cin’de gorev yapan bir
) ROC Egrisi Telekom sirketinin personel
[9]-2019 | Simuflandirma altindaki alan, F1 | veri seti kullanilmistir.
degeri
Dogruluk orani, | Calismada kullanilan veri seti
) F1 degeri, ROC | IBM HR Analytics Employee
[10]- 2019 | Simiflandirma Egrisi altindaki | Attrition and Performance veri
alan seti olarak belirtilmistir.
Dogruluk orani, | IBM HR Analytics Employee
ROC Egrisi Attrition and Performance veri
[11]- 2021 | Swniflandirma altindaki alan, F1 | setini kullanmislardir.
degeri
Kok Ortalama Calismada kullanilan veri seti
} Kare Hatast, Kaggle iizerinde mevcut olan
[12]- 2018 | Regresyon Ortalama Mutlak | IBM HR Analytics Employee
Hata Attrition and Performance'dir
Dogruluk orani, | Calismada belirtilen veri seti
) F1 degeri, ROC | Kaggle'daki IBM HR
[13]- 2023 | Simiflandirma Egrisi altindaki | Analytics Employee Attrition
alan and Performance veri setidir.
Dogruluk oram, | IBM HR Analytics Employee
[14]- 2018 | Simiflandirma | Keskinlik, Attrition and Performance veri
Duyarlilik seti kullanilmistir.
Dogruluk orani, | Bir telekomiinikasyon
Keskinlik, sirketine ait gercek veriler
[15]- 2022 | Smiflandirma Duyarlilik, F1 kullanilmigtir, ancak sirket adi
degeri belirtilmemistir.
Dogruluk orant Nijerya Yiiksek Enstitiisiiniin
[16]- 2013 | Simiflandirma EruuX > | 1978-2006 arasinda ¢aligan
F1 degeri .
personel listesi
Dosruuk oran. | 0 oyee
[17]- 2020 | Siniflandirma | ROC Egrisi Fnaly ploy .
> Attrition and Performance veri
altindaki alan .
seti kullanilmugtir.
Dogruluk oran1, | 1BM HR Analytics Employee
81. 2018 d Keskinlik, Attrition and Performance veri
[18]- 2018 | Smiflandirma Duyarlilik, F1 seti kullanilmigtir.
degeri
Dogruluk orani, | IBM HR Analytics Employee
F1 degeri, ROC | Attrition veriseti
[19]- 2021 | Smiflandirma Egrisi altindaki kullanilmugtir.
alan
Dogruluk oran1, | 1BM HR Analytics Employee
201- 2020 d Keskinlik, Aftrition and Performance veri
[20]- Smniflandirma Duyarlilik, F1 seti kullanilmigtir.
degeri
Dogruluk orani, | IBM HR Analytics Employee
F1 degeri, Attrition and Performance veri
[21]- 2023 | Swnuflandirma Egrinin altinda seti kullanilmistir.
kalan alan
Kok Ortalama IBM HR Analytics Employee
Kare Hatasi, Attrition and Performance veri
[22]- 2022 | Regresyon Ortalama Mutlak | seti kullanilmigtir.
Hata
Dogruluk orani, | IBM HR Analytics Employee
F1 degeri, ROC | Attrition and Performance veri
[23]- 2021 | Simiflandirma Egrisi altindaki seti kullanilmigtir.
alan

Cogu calisma IBM HR Analytics Employee Attrition and
Performance veri setini kullanmistir. Bu veri seti, Kaggle'da
halka agik olarak bulunan ve yaygin olarak kullanilan bir veri
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setidir. Ozel veri kaynaklar1 kullanilan caligmalarda ise
sirket ismi genellikle belirtilmemistir.

Regresyon tabanli yaklasim ile personelin isten ayrilma
tahmini ile ilgili yapilan bir c¢aligmada, ortalama hata
karelerinin kokd, destek vektdr regresyon yontemi ile 0,671,
karar agaci regresyon yonteminde 0,624; rastgele orman
yontemiyle 0,614 bulunmustur [22]. Bu ii¢ teknik arasinda
en bagarili sonucu rastgele orman teknigi vermistir. Yapilan
bagka bir ¢aligmada ise, rastgele orman tekniginin dogruluk
oran1 0,985; Adaboosting tekniginin ki ise 0,984
bulunmustur. F1 degerleri ise 0,982 olarak ayni1
bulunmustur. Bu da smiflandirma tabanli isten ayrilma
tahminini her iki yontemin de basarili sekilde yapabilecegini
gOstermistir [13].

Personelin isten ayrilma tahmini t{zerine yontemleri
karsilagtiran bir caligmada ise, en iyi siniflandirma modelinin
%97,5 dogruluk oran1 ile rastgele orman oldugunu
onermektedir. Ikinci en iyi yontem, %96,6 dogruluk orani ile
naive bayes'tir ve en diisik dogruluk oranina sahip
smiflandirma modeli ise %88,7 ile karar agaci olarak
cikmistir [14]. Calisma bu makine 6grenmesi teknikleri
igerisinde, ¢alisan devrini tahmin etmek i¢in en giivenilir ve
dogru siniflandirma modelinin rastgele orman algoritmasi
oldugunu tespit etmistir.

Bagka bir caligmada ise personelin ayrilma tahmini KNN ve
rastgele orman teknigi ile ayri ayri1 yapilmis ve performanslar
kargilastirilmigtir. Rastgele orman %80 oraninda dogruluk
orani verirken KNN %84 performans gostermistir. ROC
altinda kalan alanlar karsilastirildiginda ise rastgele orman
tekniginin daha ¢ok alan kapladigini gdstermistir.

Literatiirde  yapilan  ¢aligmalara  bakildigi ~ zaman
siiflandirma problemi i¢in dogruluk degeri, F1 skoru,
duyarlilik  degerlerine  agirlikli  olarak  bakildigim

gormekteyiz. Regresyon probleminde ise, Ortalama Mutlak
Hata, hata karelerinin ortalamasinin karekokii, gerektiginde
R-kare degerine bakildig1 goriilmektedir. Yapilan bu ¢alisma
regresyon problemi oldugu i¢in ortalama hata, mutlak hata,
hata karelerinin ortalamasmnin karekokii ve R-kare
degerlerine bakilmaktadir.

Personelin isten ayrilma tahmini {izerine yapilan ampirik
caligmalar, insan kaynaklari ydnetiminde biiylik onem
tagimaktadir. Bu galismalarda genellikle makine &grenimi
algoritmalar1  kullanilarak, ¢alisanlarin isten ayrilma
egilimlerini belirlemeye yonelik modeller gelistirilir. IBM
HR Analytics gibi popiiler veri setleri lizerinde caligan
arastirmacilar, ¢alisanlarin yas, kidem, maas, departman, is
memnuniyeti ve egitim gibi cesitli 6zelliklerini analiz ederek
ayrilma olasiligin1 tahmin etmeye calismiglardir.

Personelin Isten Ayrilma Tahmin Problemi

Literatiirdeki ¢ogu ¢alisma, ¢alisan devrini iki farkli kategori
ve ikisinin de altinda ikiser farkl: tiir olmak tizere dort agidan
incelemektedir [24-25].

e Isten Cikarma Devri: Bu tiir devir, organizasyon
tarafindan baslatilir ve bireysel bir ¢alisan1 hedefler.
Sebepler ise, ¢alisanin disiplin ve/veya performans
sorunlariyla ilgili olabilir.
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e  Kiiciilme Devri: Bu tir devir, organizasyon
tarafindan baslatilir ve organizasyonel yeniden
yapilanmanin bir pargast olarak meydana gelir
(kaybedilen fon, is gereksinimlerinin degismesi,
yeniden yapilanma gibi).

o Kacginilabilir Devir: Bu tiir devir, ¢alisan tarafindan
baslatilir ve organizasyon tarafindan muhtemelen
onlenebilir.

o Kaginilamaz Devir: Bu tiir devir, ¢aligan tarafindan
baslatilir ve emeklilik, olim gibi kacinilmaz
durumlarda meydana gelir.

Personelin Isten Ayrilmasim Etkileyen Parametreler ve
Yapilmis Benzer Cahismalar

Bir istege bagli devir ¢aligmasinin meta-analiz yaklagimi ile
gosterdigi gibi, bir ¢aliganin yas, cinsiyet gibi demografik
ozellikleri ile maas, kidem, is tatmini gibi bir¢ok caligma
ortam1 Gzelliklerinin devir tahmininde birlikte rol oynadig
goriilmektedir [26]. Yas, ekonomik faaliyet, kidem, mevcut
pozisyondaki ¢alisma siiresi ve egitim gibi degiskenlerin
devir izerindeki en giiclii gdstergeler oldugunu belirten
baska calismalar da vardirr [27]. Is tatmininin calisan
devrinde anahtar rol oynadigimi gosteren pek ¢ok ¢alisma s6z
konusudur [27]-[33]. Calismada g6z Oniine alinan
Oznitelikler Tablo 2°de 6zellikleriyle birlikte verilmektedir.

Is baglilig: kavrammi kullanarak calisanlarin isten ayrilma
niyetlerini tahmin etmeye yonelik c¢oklu yontemler
kullanilir. Hangi Ozniteliklerin isten ayrilma kararini
etkiledigini gorebilmek amaciyla yapilan bir calismada yas,
cinsiyet, egitim seviyesi gibi demografik faktorlerin is
baghiligi ve isten ayrilma niyeti iizerindeki etkileri
incelenmistir. Calisma sonucunda, calisanlarin
organizasyona ve topluluga olan baglhliklarinimn isten ayrilma
niyetlerini 6nemli olglide azalttigi gozlemlenmistir [34].
Bagka bir ¢alismada ise, calisanlarin i tatmini ve isten
ayrilma niyeti arasindaki iliskiye psikolojik giiclendirme
faktoriiniin etkisi incelenmigtir. Psikolojik gii¢lendirme, is
tatmininin isten ayrilma niyeti iizerindeki etkisini moderatdr
olarak degerlendirmistir. Is tatminini artiric1 Snerilerde
bulunulmustur [35].

Saglik sektoriinde gerceklestirilen bir baska ¢aligmada,
saglik ¢alisanlarinda is-aile ¢atismasinin isten ayrilma niyeti
tizerindeki etkileri arastirilmistir. Is-aile catismasmin is
tatmini ve genel is memnuniyeti {izerindeki olumsuz
etkilerini degerlendirip, bu ¢atismanin igten ayrilma niyeti ile
olan iliskisi irdelenmistir. Is-aile memnuniyeti azaldik¢a
isten ayrilmanin artig1 sonucuna ulagilmistir [36].

Makine &grenimi tekniklerinin isten ayrilma tahmini igin
nasil kullanilabilecegine dair bir c¢alismada ise, veri
madenciligi ve makine dgrenimi algoritmalarint kullanarak
calisanlarin isten ayrilma niyetlerini tahmin etmeye yonelik
cesitli modeller sunulmustur. Rastgele orman ve Gradyan
artirma tekniklerinin diger tekniklerden daha basarilt sonug
verdigi ¢aligmanin sonucunda ortaya konulmustur [37].

Calisan  direncinin, isten ayrilma niyetini nasil
etkileyebilecegi ve finans sektdriindeki 6rneklerle bu etkinin
nasil degistigini arastiran bagka bir c¢alismada, anket
iizerinden alinan verilerle yapisal esitlik modeli kurulmus ve
yiiksek c¢alisan dayanikliliginin, isten ayrilma niyetini
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azaltic1 bir etkisi oldugu bulunmugtur. Dayanikli ¢alisanlar,
zorluklar karsisinda daha direngli olduklart igin islerinden
ayrilma niyetleri daha diisiik olmaktadir [38].

Is ortaminda bireylerin mutlu olmasimin, is baghhigi, is
tatmini ve duygusal organizasyonel baglihigi etkiledigi
fikriyle yola ¢ikilmis olan baska bir caligmada tim
organizasyonel seviyelerde, mutlulugun bireyler ve
organizasyonlar i¢in dnemli sonuglari oldugu ve ise baglilik
ile ig tatminligi arasinda anlamli bir iliski oldugu ortaya
cikarilmigtir [39]. Baska bir ¢alismada ise, 245 itfaiyeci ve
onlarin siipervizorleri ile c¢alisan bagliligini etkileyen
Ozniteliklerin tespit edilmesi hedeflenmistir. Bagliligin,
algilanan orgiitsel destek ve temel 6z degerlendirmeler gorev
performans1 ve oOrgiitsel vatandaslik davranisi arasindaki
iligkilere aracilik ettigine dair sonuglar ortaya ¢ikmustir [40].

Tiikenmislik, motivasyon ve performans kavramlarinin is
ortamindaki kaynak miktarindaki artig saglandig: takdirde
nasil etkilenecegi sorusuna yanit bulmak icin yapilan bir
caligmada, ¢alisma ortaminda is kaynaklarindaki artigin,
calisanlarin baglilik ve performansi {izerinde olumlu bir
etkisi oldugu bulunmustur. Yiiksek is tatmini, calisanlarin
islerine karsi daha olumlu bir tutum sergilemesine ve
bagliliklarnin  artmasina neden  olabilir  sonucuna
ulagilmistir. Bu durum, hem bireysel hem de orgiitsel
diizeyde verimliligi artirabilir Ongoriisii desteklenmis ve
stresle basa c¢ikma duygusunun kuvvetlendirildigi, uzun
calisma stirelerinin azalacagina dair inancin artirildigia ve
boylece de isten ayrilma duygusunun azaldigi sonucuna
ulagilmistir [41]. Esnek c¢alisma programlarinin is-yasam
dengesi, c¢alisan memnuniyeti ve genel is performansi
tizerindeki etkilerini incelemek iizere yapilan bagka bir
calismada, esnek ¢alisma diizenlerinin ¢aligsanlarin is stresini
azaltma, is tatminini artirma ve ise olan bagliliklarimi
giiclendirme potansiyeline sahip oldugunu gosterilmistir
[42].

Bu ¢aligma kapsaminda, Gradyan artirma, rastgele orman ve
ekstrem Gradyan artirma regresyon teknikleri ile personelin
isten ayrilma karart alip almayacagmi ayr1 ayr
tahminlenmesi ve kullanilan ii¢ teknigin performanslarmin
kargilagtirtlmas1 yapilmaktadir. Ayrica personeli ayrilma
kararina gotiiren en 6nemli Ozniteliklerin belirlenmesi de
¢alismanin amaglarindan biridir.

Materyal ve Metot

Bu c¢alismada personelin isten ayrilma tahmini igin
kullanilacak modeller olusturulmadan o6nce veri analiz
edilmis olup birtakim veri 6n isleme siiregleri isletilmistir.
Veri analizi ve modelleri Knime Analytic Tool araci
kullanilarak gerceklestirilmistir. Knime, veri analizi ve
makine Ogrenmesi yontemlerinin kullanimina olanak
saglayan kullanic1 dostu bir analitik aragtir. Is parcaciklarini
yapmakla gorevli diiglimleri hazir olarak sunmasi1 6nemli bir
ozelligidir. Diglimleri u¢ uca ekleme mantig1r ile
calismaktadir.

Bu yontemlerin tercih edilmesindeki temel motivasyon agag
yontemlerinin ileri versiyonu olarak kabul edilen torbalama
(bagging) ve artirmali agag¢ (boosting) yontemlerini birlikte
kullanan ve performanslarin1 karsilastiran bir karar destek
sistemi olusturmaktir. Zaman igerisinde yeni personel
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verileri eklendik¢e veri Setinin varyansi degisecektir. Bu
nedenle, diisiik ve yiiksek varyans durumlarmm her ikisinde
de basarili calisabilecek aga¢c modelleri tercih edilmistir.
Herhangi bir t aninda veri setinin giincel durumuna bagh
olarak yontem degisiklik gosterebilecektir. Bu sayede karar
destek sisteminde yontem bazli bir esneklik yaratmasi
hedeflenmistir.

Kullanilan Veri Seti

Bu calismada, arastirma yapmak amaciyla agik kaynak
olarak Kaggle platformunda bulunan HR_comma_sep.csv
isimli veri seti kullanilmigtir [49]. Veri seti 14.999 personel
verisinden olugmaktadir. Tablo 2’de veri setini olusturan
oOzniteliklerin yapist hakkinda bilgi verilmektedir.

Tablo 2. Veri setini olusturan dzniteliklerin yapisi

Siitun Adi Veri Tipi Alt Ust
Sinir Sinir
Emp_Id Metin - -
Satisfaction_level Ondalikli say1 0,09 1
Last_evaluation Ondalikl say1 0,36 1
Number_project Tamsay1 2 7
average_montly hours | Tamsay1 96 310
time_spend company | Tamsayi 2 10
Work_accident Tamsay1 0 1
left Tamsay1 0 1
promotion_last 5Syears | Tamsayi 0 1
Department Metin - -
salary Metin - -

Paylasilan veri setinde bu verilerin nasil elde edildigi veya
hesaplama metodu hakkinda bilgi mevcut degildir. Veri
setinin datacard boliimiinde bir not veya bilgi goriilememistir.
Calisma, verilerin bu hali kullanilarak yapilacaktir. Siitun
isimleri ve veri yapisi tutulan veri hakkinda kolaylik
saglamaktadir. Verilerin temel istatiksel bilgileri Tablo 3’te
gosterilmistir.

Emp_Id: Personelin numarasi.

Satisfaction_level: Personelin tatmin seviyesi.

Last_evaluation: Son degerlendirme puani.

Number_project: Yer aldig1 toplam proje sayist.

average_montly_hours: Ortalama aylik kag saat

calistig1.

e time_spend_company: Sirkette kag yildir
bulundugu.

e Work_accident: s kazasi1 gecirip gecirmedigi.

o Left: isten ayrildi mi1? (Bagimli degisken)

e promaotion_last_5Syears: Sirkette son 5 yilda terfi
aldi m1?

e Department: Calistig1 boliim.

e  Salary: Maas seviyesi (Diisiik/Orta/Yiiksek)

Tablo 3. Verilerin temel istatistikleri

kfc?jk bti/rlik Ortalama Séaa',fﬁid Varyans K\;‘eyrlup
satisfaction_level 0,09 1 0,612 0,248 0,061 0
last_evaluation 0,36 1 0,716 0,171 0,029 0
number_project 2 7 3,803 1,232 1,5192 0
average_montly_hours 96 310 201,05 49,943 2494,313 0
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time_spend_company 2 10 3,498 1,46 2,131 0
Work_accident 0 1 0,144 0,351 0,123 0
left 0 1 0,238 0,425 0,181 0
promotion_last_5years 0 1 0,021 0,144 0,02 0
Veri On Isleme

Veri setinde personelin departman ve maas bilgileri

kategorik degisken seklindedir. Maas bilgisi diisiik, orta ve
yiiksek olarak firma tarafindan etiketli olarak paylasilmistir.
Bu bilgileri kullanabilmek i¢in “One-to-Many” diigiimii
yardimiyla veri manipiilasyona (0-1) ugratilmigtir. Déniistim
gergeklestikten sonra modele eski halinin girdi olarak
verilmemesi i¢in veri setinden kaldirilmustir.

Satirlar {izerinde yapilan kontrolle bos verinin bulunmadig1
goriilmiistiir. Herhangi bir anomali degerinin olmadigi,
hayatin olagan akisina ters gelecek bir bilginin bulunmadig1
ve modellemeye uygun hale bir veri setinin elde bulundugu
anlagilmistir.

Veri manipiilasyonu sonrasi verisetindeki
Satisfaction_level,  Last_evaluation, = Number_project,
average_montly_hours, time_spend_company,
Work_accident, left, promotion_last_5years, Department,
salary 6znitelikleri modellere girdi olarak verilmistir.

Makine Ogrenmesi

Yapay zeka alaninin ¢atisi altinda yer alan makine 6grenmesi
kavrami, insan beyninin hesaplayamayacagi kadar karmasik
model ve siiregler olusturarak analitik g¢iktilar {iretmeyi
saglayan bir teknikler toplulugudur. Karar alma siirecinde
gecmis verileri kullanarak tahmin sonuglari retilir. Bu
caliyma kapsaminda regresyon algoritmalarindan olan
Gradient Boosting Tree, Random Forest Trees, XGBoosting
Regresyon teknikleri kullanilmis olup aga¢ teknikleri
tizerinde performans karsilagtirmasi da gergeklestirilmistir.

Rastgele Orman Yontemi: Bu algoritma, rastgele bir sekilde
Oznitelikleri diiglimlere atar. Basarili sonug verdigi goriilen
bir modelde 6zniteliklerin hangisinin kullanildig1 ve kaginci
seviyeden modelde basarili sonu¢ verdigi o parametrenin
O6nem diizeyini de gosterir. Rastgele orman yontemi, veri
madenciligi ve makine 6grenimi uygulamalarinda kullanilan
bir topluluk (ensemble) yontemidir ve birgok karar agacini bir
araya getirerek regresyon analizi yapar. Ilk adim, veri
toplamak ve kullanmak istenilen bagimli (hedef) degiskeni ve
bagimsiz (girdi) degiskenleri tanimlamaktir. Ornegin, ev
fiyatlar1 tahmin edilecekse, odalarm sayisi, banyo sayisi, evin
yas1 vb. bagimsiz degiskenler kullanilabilir.

Herhangi bir karar agacinin amaci en iyi 6zelligi belirleyip,
asag1 dogru dallanarak mimari yapiy1 olusturmaktir. Rastgele
orman algoritmasinda ise Ozelligin iyi olup olmadigina
bakmadan, oldukca yiiksek sayida aga¢ olusturup her
birinden farkli boyutlarda kazanimlar saglanmaktir. Bu
Ozelligi sayesinde asir1 O6grenme (overfitting) oldukga
azalacaktir. Bu kazanim, rastgele orman yonteminin en biiyiik
kazanimlarindan biri olarak gosterilebilmektedir. Rastgele
orman modeli bir problemi ¢bzmek i¢in hem veri setinden
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hem de oznitelik setinden rastgele 10'larca ya da 100'lerce
farkl1 alt-setler secer ve bunlar egitir [43].

Gradyan Artirma Yontemi (Gradient Boosting): Boosting
yontemleri genel olarak zayif olan &grenicileri giiglii hale
getirmek icin kullanilan bir tekniktir. Gradyan artirma
yontemi bir Onceki agacin hatalarini en aza indirmek
amaciyla bir sonraki agaci olugturur. Baglangi¢ olmast i¢in bir
adet agag olusturulur. Tlk agacin tahmin ettigi hatanin negatif
gradyanmi tahmin etmek i¢in bu algoritma kullanilir [44].
Yeni agac bir onceki agacin hatalarini tahmin eder. Bu siireg
yinelemeli olarak ilerler ve sonuglar giderek daha da
iyilesmeye baslar. Bu teknigin ana amaci hatalar1 en diistik
seviyeye cekerek aga¢ modelini kurmaktir. Veri sayisinin
fazla oldugu modellerde avantajlidir. Kirli veri {izerinde
basarili sonug verdigi de bilinmektedir. Hem regresyon hem
de siniflandirma problemlerinde kullanilabilir.

Genellikle karar agaglari gibi basit modeller kullanilir.
Gradyan artrmanin temel mantigi, hata fonksiyonunun
gradyanina (egim) dayali olarak tahmin hatalarin1 minimize
etmeye yonelik adimlar atmaktir. Gradyan artirma, bir hata
fonksiyonu tanimlar ve her adimda bu fonksiyonun
gradyanma gore modelin performansini iyilestirir. Ozellikle,
veri seti lizerinde ardisik olarak olusturulan her bir karar
agaci, onceki modelin hatalarini azaltacak sekilde egitilir. Bu
sayede, model her adimda daha iyi tahminler yapar.

Gradyan artirmanin 6nemli avantajlarindan biri, dogrulugu
yiiksek tahminler yapabilmesidir. Kiicilk 6grenme oranlari
kullanarak, modelin yavas yavas 6grenmesini ve daha genel
bir tahmin yapmasint saglayabilir. Ayrica, erken durdurma
(early stopping) gibi tekniklerle modelin gereksiz yere ¢ok
fazla 6grenmesi engellenebilir. Bu 6zellikler, yontemin tercih
edilmesinde etkili olabilmektedir.

Gradyan artirma, karmasik veri yapilari ve biiyik veri
setlerinde oldukea etkili bir yontemdir. Ozellikle, XGBoost
ve LightGBM gibi modern versiyonlari, biiyiik veri setlerinde
hiz ve dogruluk agisindan 6nemli iyilestirmeler saglar. Bu
algoritmalar, yiiksek performansli tahminler yapabilme
yetenegine sahiptir. Gradyan artirmanm bu esnek ve gii¢lii
yapist, finans, saglik, pazarlama ve daha bir¢ok alanda yaygin
olarak kullanilabilmektedir.

Ekstrem Gradyan Artirma Yontemi (XGBoosting):
Ekstrem gradyan artirma algoritmasi, gradyan artirma
algoritmasinin optimize edilmis ileri bir versiyonu sayilabilir.
Onceki versiyonlara gore sagladigi avantajlari Ekstrem
gradyan artirma kullanimmim yayginlasmasindaki en 6nemli
nedendir [45]. Agac¢ olusturulurken fazla dallanma ve
derinlige ulastigi takdirde aga¢ budanmaya baglar. Asiri
ogrenmeyi engelledigi icin olduk¢a fazla kullanilan bir
tekniktir.

Calismada, bagimli degisken olan “left” degeri ikili (binary)
olarak tutulmaktadir. Personeller i¢in olusturulan ayrilma
tahmin  skorlarinin ~ hangi esik  degere gore
degerlendirilecegine dair insan kaynaklar1 yonetiminin tercih
kullanabilecegi diisiiniilerek problem regresyon bakis agisiyla
irdelenmektedir.

Ekstrem gradyan artirma, zayif 6grenicileri ardigik olarak
birlestirerek hatalart minimize ederken, Rastgele orman ¢ok
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sayida karar agacini bir araya getirip asir1 6grenmeyi azaltir
ve Oznitelik 6nemini belirlemede etkilidir. Ekstrem gradyan
artirma ise, optimize edilmis yapist ile hizli ve verimli
modeller iiretir. Bu yontemler yiiksek boyutlu veri setlerinde
etkili sonuglar vermektedir. Literatiirdeki ¢aligmalarda da
agac tabanli yontemlerin kullanildig1 ve basarili sonuclar elde
edildigi gozlemlenmistir

Regresyon Modelinin Degerlendirme Olgiitleri

R? Skoru: verilerin yerlestirilmis regresyon hattina olan
mesafesinin istatistiksel Olgiisiidiir. Regresyon noktasina
isabet edemeyen her noktaya artik adi verilmektedir. Bu
artitklarin  her birinin karelerinin toplamina Artiklarin
Karelerinin Toplami (AKT) ve her bir noktanin ortalamaya
uzaklhigmm karesini de Ortalamaya Uzakligin Kareler
Toplami (OUKT) seklinde adlandirirsak R? degeri, bu iki
istatistik kullanilarak Denklem 1’deki gibi hesaplanir.

R® Skoru = 1- (AKT/OUKT)

R? degeri 1’e ne kadar yakin ise regresyon modelinin o kadar
dogru oldugu anlasilir. Bu metrikte dikkat edilmesi gereken
husus R? degeri eger 1 ¢ikarsa modelin ezberlemis
olabilecegidir. 1 degerinden uzaklasmasiyla modelin
tahminleme giiciinde azalma oldugu anlasilmaktadir.

Ortalama Mutlak Hata (Mean Absolute Error): Mutlak
hata, tahmin edilen degerler ile gercek degerler arasindaki
farktir. Tam olarak ifade etmek gerekirse, veri kiimesinin tiim
orneginde, o ornek i¢in gercek deger ile dngdriilen deger
arasindaki her bir farkin mutlak degerinin ortalamasina
ortalama mutlak hata (mean absolute error) denir. Diisiik bir
deger olmasi modelin az hata yaptigini, yani iyi
tahminlemede bulundugunu gosterir.

Diizeltilmis R-Kare (Adjusted R Square-R?): Modeldeki
degiskenlerin sayisi i¢in ayarlanmig olan R? degistirilmis bir
versiyondur. Diizeltilmis R? degeri, herhangi bir yeni
degisken modele eklendiginde artar. Bagimsiz degisken
eklendik¢e model karmasiklasir, model karmasiklasinca asirt
ezberleme gibi problemler ortaya ¢ikabilir.

Ortalama Kare Hatas1 (Mean Squared Error): En sik
kullanilan regresyon kaybi fonksiyonudur. Ortalama Kare
Hatasi, tim veri kiimesinde Ornek basma ortalama hata
kareleri kaybidir. Bu metrigin 0’a yakin ¢ikmasi modelin
daha dogru tahmin iirettigini gosterir.

Uygulama Sonuglar

3 farkli makine 6grenmesi algoritmasi eldeki veri setine
uygulanmis ve sonuglar1 karsilastirilmistir. insan kaynaklari
analitigi problemindeki Ozniteliklerin 6nem seviyelerinin
belirlenmesinden 6nce, modellerin performans gostergeleri
Tablo 4’te paylasilmaktadir.

812

Tablo 4. Yontemlerin performans sonuglari

Rastgele Gradyan Ekstrem
Orman Artirma Gradyan
Yontemi Yontemi Artirma
(Agac (Agac Yontemi
say151=100, sayis1=10, (tree
tree tree deep=10)
deep=10) deep=10)
R? Skoru 0,921 0,854 0,870
Ortalama 0,014 0,026 0,022
Mutlak Hata
Hata Kareleri 0,044 0,031 0,023
Ortalamasinin
Karekokii
Diizeltilmis R* 0,906 0,853 0,869

Her 3 modelin de olduk¢a basarili tahminleme yapabildigi
goriilmektedir. Ortalama hata skorlar1 birbirine olduk¢a yakin
ciktig1 i¢in yontem seg¢iminde R? degeri 1’e en yakin ¢ikan
rastgele orman modeli f{izerinden O6znitelik Onemi
belirlenmistir.

R? skorlarini inceledigimizde:

R? Skoru, bir modelin agiklayict giiciinii gosterir. 1’e ne
kadar yakinsa, modelin hedef degiskenin varyansini o kadar
iyi agikladigm belirtir.

Rastgele Orman (R? skoru = 0,921) ile en yiiksek degeri
sagliyor. Bu, modelin hedef degiskenin %92.1" ini agikladig1
anlamina gelir. Gradyan Artirma (R? skoru = 0,854) degeri ile
daha diisik ve hedef degigskenin yaklagik %85.4' {inii
aciklamaktadir. Ekstrem Gradyan Artirma (R? skoru = 0,870)
ile Gradyan Artirma yonteminden biraz daha iyi sonug
verdigi goriilmektedir. Sonug olarak, R? agisindan Rastgele
Orman Yontemi en iyi performansi gostermistir.

Ortalama mutlak hata skorlarini inceledigimizde:

Ortalama mutlak hata, modelin tahmin ettigi degerler ile
gercek degerler arasindaki ortalama farki 6lger. Daha diisiik
bir ortalama mutlak hata daha basarilidir.

Rastgele Orman (ortalama mutlak hata = 0,014), en diisiik
hata oranina sahip oldugu goriilmiistiir. Gradyan Artirma
(ortalama mutlak hata = 0,026) ile en yiiksek hata oranina
sahiptir. Ekstrem Gradyan Artirma (ortalama mutlak hata =
0,022), Gradyan Artirma yonteminden daha iyi ancak
Rastgele Orman kadar iyi degildir. Sonug olarak, hata analizi
acisindan da Rastgele Orman ydntemi en iyi performansi
sergilemistir.

Diizeltilmis R? degerlerini inceledigimizde:

Diizeltilmis R? degerlerine gore de sonuglar yorumlanabilir.
Rastgele orman (Diizeltilmis R?>=0,906) yiiksek bir deger ile
verileri oldukg¢a iyi ag¢iklamaktadir. Gradyan Artirma
(Diizeltilmis R?=0,853) daha diisiik bir diizeltilmis R? skoru
ile en az iyi performans gosteren modeldir. Ekstrem Gradyan
Artirma (Diizeltilmig R>=0,869), Gradyan artirmadan daha iyi
performans sergilemekte ancak rastgele ormandan daha
dusiik performans gostermektedir.

Hata Kareleri Ortalamasinin  Karekoki

inceledigimizde:

degerlerini
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Hata kareleri ortalamasimnin karekoki, hatalarin karekokiini
alarak ortalamay1 hesaplar ve biiyilk hatalara daha fazla
agirlik verir. Rastgele Orman (Hata kareleri ortalamasinin
karekokii = 0,044) degeri ile en yiiksek degere sahip yontem
oldugu gortlmiistiir. Bu, biiyiik hatalar konusunda diger iki
modele gore daha zayif oldugunu gosterir. Gradyan Artirma
(Hata kareleri ortalamasinin karekokii = 0,031), ise biraz daha
iyi bir sonug verdigi goriilmiigtiir. Ekstrem Gradyan Artirma
(Hata kareleri ortalamasinin karekokii = 0,023) ise, 3 yontem
arasinda en diisiik degeri sunarak biiyiik hatalar1 en iyi sekilde
minimize edebildigini gostermistir. Ekstrem Gradyan
Artirma yonteminde hata biiyiiklikklerinin kiigiik ve tutarl
olmas1 ortalama mutlak hata ile ortalama kare hata
degerlerinin birbirine yakin olmasini agiklamaktadir. Sonug
olarak, Hata kareleri ortalamasinin karekokii degerleri baz
alindiginda biiyiik hatalar agisindan Ekstrem Gradyan
Artirma Yontemi en iyi performanst sergiliyor.

Tiim metrikleri genel olarak degerlendirecek olursak:

Rastgele Orman Yontemi, R? Skoru, ortalama mutlak hata
ve dizeltilmis R? agisindan en yitksek performansi
gostermektedir. Ancak hata kareleri ortalamasinin karekokii
degeri, diger modellerden biraz daha yiiksektir. Bu da
modelin  biliyilk  hatalara daha duyarli oldugunu
gostermektedir.

Ekstrem Gradyan Artirma Yoéntemi, en disiik hata kareleri
ortalamasimin karekokii degerine sahip olup, biiyiik hatalart
minimize etme konusunda basarili olarak degerlendirilebilir.
Ancak genel performansi (R? ve diizeltilmis R?) agisindan
Rastgele Orman’in gerisinde kalmusgtir.

Gradyan Artirma Yontemi, genel olarak en disiik
performansa sahip model olarak goziikmekte olup 6zellikle
hem R? hem de ortalama mutlak hata agisindan daha zayif
kalmugtir.

Bu analiz sonucunda, Rastgele Orman Yéntemi, veri setinin
yapisina en uygun model olarak 6ne ¢ikmustir.

Agag algoritmalarinda, dnce kok diiglim, sonrasinda ise ilk
hangi nitelikten boliinecegi ve kurallarinin tespit edilmesi
gerekmektedir. En iyi ayrim noktalarinin tespit edilmesi i¢in
ise gini indeks yontemi kullanilabilir. Gini indeks degeri, bir
sinifin i¢indeki izafi olarak siklig1 ifade eder. Her bir 6zellik
i¢in ayr1 ayr1 hesaplanan Gini indeks degerleri arasindan en
kiigiik olant segilir. Bolinme iglemi bu degere gore
yapilmaktadir. Bu islemler kalan veriler i¢in de tekrar edilir
ve diger bolinmeler igin hesaplanir. Sonu¢ olarak, bir
Ozniteligin gini indeks degeri ne kadar diisiik ise 6nemi ve
dolayisiyla agirhgr o kadar yiiksek olacaktir. Gini
hesaplamasi asagidaki sekilde formiile edilmistir. Sklearn
kiitiphanesinin igerisinde yer alan Feature Importance
fonksiyonu, o6zellik onemlerini model {izerinde otomatik
olarak hesaplayabilmektedir.

Gini=1- (X" p®?)

Burada p(i), smif i’nin toplam niifus igerisindeki oranini
temsil eder. m ise, toplam sinif sayisidir.
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| 'S Oenitelikder | [§] Gini-based feature importance
promotion_last_5years 0.000147
product_mng 0.000403
RandD 0.000587
hr 0.000634
management 0.000877
marketing 0.001181
high 0.001249
accounting 0.001326
Work_acddent 0.001541
IT 0.002037
sales 0.002061
medium 0.002452
support 0.002744
low 0.003191
technical 0.003720
average_montly_hours 0.102119
number_project 0.105349
last_evaluation 0.124229
time_spend_company 0.143736
satisfaction_level 0.500376

Sekil 1. Ozniteliklerin 6zellik dnemlerinin gdsterimi

Tim O6zniteliklerin isten ayrilmaya olan etkileri Sekil 1’de
gosterilmistir. Oznitelik onemleri en diisiikten en yiiksege
dogru siralanmis olup en 6nemli 6zniteligin agik ara farkla
personel tatmini oldugu aciga c¢ikmistir. Bu da yazindaki
calismalar1  destekler  niteliktedir.  Onem  skorlar
incelendiginde 5 6znitelik ile isten ayrilma kararinin biiyiik
Ol¢iide agiklanabilecegi sonucuna ulagsmak miimkiindiir:
calisan tatmini (%50,03), sirkette bulunulan yil (%14,37),
degerlendirme puani (%12,42), proje sayist (%10,54) ve
ortalama aylik calisma siiresi (%10,21). Bu 5 06zniteligin
toplam agirlig1 %97,57 dir.

Sonug¢ ve Degerlendirme

Insan kaynag analitigi ¢alismalari son yillarda giderek trend
olan ¢alisma alanlarindan biridir. Personellerin isten ayrilma
tahminini dnceden yapabilmek sirket i¢in 6nemli bir deger
olabilecektir. Isten ayrilma kararmi &znel veriler yerine,
nesnel veriler iizerinden ortaya koyabilen makine 6grenmesi
modelleri bu ¢alismada kullanilmistir. Sirketin gegmis donem
verileri, kurum kiiltiriinii yansitma anlaminda objektif bir
perspektif sunabilmektedir. Veriden anlam ¢ikarma teknigine
ve devamli Ogrenme mantigina dayanan farkli makine
ogrenmesi yaklasgimlar1 ile tahminleme problemi ele
alinmigtir. Ortalama hata skoru birbirine yakin ¢ikan
tekniklerin yaninda R? skoruna da bakilmasinda fayda vardir.

Calisan tatmini, ¢alisanlarin isten ayrilmalarinda en 6nemli
etken olarak one g¢ikmugstir. Bu oznitelik toplam agirligin
yarisindan fazlasini (%50,03) olusturmaktadir. Calisanlar, is
yerinde memnun olmadiklarinda isten ayrilma egilimi
gostermektedirler. Tatmin diizeyi diisiik olan calisanlar,
baska bir is arayisina girebilir veya mevcut pozisyonlarinda
uzun sire  kalma  konusunda  motivasyonlarimi
kaybedebilirler. Bu durum is yiikii, calisma ortami, maas
memnuniyeti, kariyer olanaklar1 gibi  faktorlerden
etkilenebilir. Analiz, galisan memnuniyetinin yiiksek oldugu
durumlarda isten ayrilma olasiligimin Onemli 6lglide
azaldigini vurgulamaktadir.

Calisanlarin sirkette ne kadar siire bulunduklari, isten ayrilma
riskini etkileyen ikinci en énemli faktor olarak belirlenmistir
(%14,37). Genel olarak, ¢alisanlar sirkette ne kadar uzun siire
kalirsa, kurumsal bagliliklari o kadar artar, ancak bir
noktadan sonra kariyer gelisimi, monotonluk ya da yeni
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firsatlar arama istegi isten ayrilma olasiligini artirabilir. Yeni
calisanlarin ayrilma riski yiiksek olabilirken, uzun siireli
calisanlar i¢in bu risk degiskenlik gosterebilir. Bu nedenle,
sirkette gegirilen y1lin isten ayrilma olasiligi iizerindeki etkisi
¢ift yonlii degerlendirilebilir.

Calisanlarin performans degerlendirmeleri de 6nemli bir
etken olarak goriilmektedir (%12,42). Degerlendirme
puanlari, calisanlarin kariyer ilerlemelerini, ddiillendirme
sistemlerini ve terfi firsatlarini etkileyebilmektedir. Diigiik
performans puanlarina sahip calisanlar, isten ¢ikarima
riskiyle karst karsiya kalabilir ya da diisiik motivasyon
nedeniyle goniilli olarak ayrilmayi tercih edebilirler. Buna
karsilik, yiiksek performans gosteren calisanlar, kendilerine
yeterli odiill ya da kariyer firsatlar1 sunulmazsa ayrilma
egilimi gosterebilirler.

Calisanlarin iizerinde ¢alistiklar1 proje sayisi, isten ayrilma
kararinda %10,54 oraninda etkilidir. Fazla sayida proje
iistlenen ¢alisanlar, is yiikiiniin artmasi nedeniyle stres veya
tilkenmiglik hissedebilirler, bu da isten ayrilma olasiligini
artirabilir. Ote yandan, projelerde yeterince gérev almayan
calisanlar ise islerinde gelisim firsati  bulamayip
motivasyonlarini kaybedebilirler. Bu yiizden, proje sayismin
isten ayrilma tizerindeki etkisi, hem is yiikiiniin dengesizligi
hem de kariyer gelisimi eksikligine bagli olarak degisebilir.

Ortalama aylik c¢alisma siiresi de isten ayrilma riskini
etkileyen Onemli bir faktor olarak ortaya ¢ikmaktadir
(%10,21). Calisanlar, fazla mesai yapmaya zorlandiklarinda
ya da uzun ¢aligma saatleriyle kars1 karstya kaldiklarinda, is-
yasam dengesini kurmakta zorlanabilirler ve bu durum, isten
ayrilma egilimini artirabilir.

Calisan tatmini, sirkette kalinan siire, degerlendirme puani,
proje sayist ve ¢alisma siiresinden olugan 5 6zniteligin toplam
agirliginin %97,57 olmasi, isten ayrilma kararmin biiylik
Olciide bu faktorlere dayandigini acikga gostermektedir.
Calisan tatmini en baskin faktor olup, ¢alisanlarin islerinde ne
kadar memnun olduklarmin, iste kalma egilimleri {izerinde
cok biiyiik bir etkiye sahip oldugunu ortaya koymaktadir.
Diger dort 6znitelik ise daha spesifik durumlara igaret eder:
sirkette kalinan siire, calisganlarin bagliligin1 ve Kkariyer
gelisimini; degerlendirme puani, performansla ilgili
motivasyonu; proje sayisi ve ¢alisma siiresi ise is yiiki ve is-
yasam dengesi ile ilgili zorluklari temsil etmektedir. Bu
Ozniteliklerin bir arada degerlendirilmesi, ¢alisan bagliligini
artirmaya ve isten ayrilma oranlarini azaltmaya yonelik
stratejilerin gelistirilmesinde kritik rol oynayabilir.

Bu c¢alismada yapildigi gibi rastgele orman yontemi
kullanildiktan sonra Ozellik Onemi veya oOzellik azaltma
amaglariyla yapilmig ¢aligmalar incelenmis olup, Gini indeksi
yardimiyla basarili sekilde sonuglar elde edilebilmistir. [46],
yapmig oldugu caligmada rastgele orman yontemini
kullanarak ozellik 6nemi ve ozellik eleme iglemi igin gini
degerini kullanmistir. [47] ise, rastgele ormanin gini 6nemi,
spektral verilere dayali 6zelliklerin 6nemini 6lgmede {istiin
bir yontem saglarken, optimal bir 6zellik alt kiimesinde,
diizenlenmis siniflayicilarin rastgele orman siniflayicisindan
daha tercih edilir olabilecegi belirtilmistir. Bununla birlikte,
diizenlenmis smiflayicilar yalnizca dogrusal bagimliliklar
modelleme simirlamasina sahiptir. Gini 6nemine dayanan bir
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ozellik se¢imi, optimal ozellik alt kiimesini belirlemek ve
siniflandirma gorevindeki giiriiltilyii ortadan kaldirarak hem
boyut azaltma hem de giiriiltii eliminasyonu saglamak igin
diizenlenmis dogrusal siniflandirmadan once
uygulanabilecegini caligmalarinda gostermistir. Bagka bir
calismada ise, rastgele orman yontemi kullanilirken 6zellik
O6neminin  gini degeri iizerinden basarih  sekilde
degerlendirebilecegi sonucuna ulasiimistir [48].

Bu ¢alisma karsilastirma tabanlh karar destek sisteminin bir
altyapist niteligi tasimaktadir. lerleyen zamanlarda yeni
verilerle besleyerek veri setindeki degisimlere bagli olarak
algoritma se¢iminde degisiklik gosterebilecektir. Bu nedenle,
yeni veriler geldikge farkli teknikleri karsilagtiran bir karar
destek sistemine doniisebilecektir.

Yazinda oldukga biiyiik yer kaplayan personelin igten ayrilma
kararin1 tahminleme problemi i¢in bagkaca makine 6grenmesi
teknikleri de denenebilir. Ayrica baska personel veri
setlerinde bu algoritmalarla modellerin nasil performans
gosterecegi irdelenebilir. Sirketlerin  6nlerini  daha 1iyi
gorebilmeleri igin ellerindeki personelleri daha stratejik bir
acidan degerlendirmeleri ve insan kaynaklar1 politikalarini da
bu kapsamda giincellemeleri iyi olabilir.
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degradation. Therefore, in this study, the temperature parameter estimation of an 18650-type lithium-ion
battery is made by UKF-based methods. Due to the intensive and mathematical processing load of the
UKF method, the parameter values are determined by Chaos Particle Swarm Optimization (PSO) methods,
and their estimation performances are compared. The parameter values such as alpha, kappa, and R matrix
of the UKF method are determined by Particle Swarm Optimization (PSO), Chaos Particle Swarm
Optimization (CPSO), Comprehensive Learning Particle Swarm Optimization (CLPSO), and
hyperparameter values determined by trial and error. The hyperparameter values obtained from these four
different methods were applied to the UKF method separately, and their estimation performances were
compared. The CPSO-UKF method became the most successful method by reaching an accuracy of
99.99228% in estimation according to the R? metric. The success of the proposed method is also given

with other regression metrics.
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Introduction

Due to its many benefits, including high energy density,
power density, extended service life, lack of memory
effect, and others, lithium-ion batteries have been widely
used in new energy vehicles and portable electronics since
the 1990s [1]. Recent years have seen a fast development
of lithium (Li)-based metal batteries, such as Li-ion
batteries, Li-S batteries, and Li-air batteries, due to the
expanding uses of portable devices, electric cars, and smart
grids. Power Li batteries must have high energy density in
order to extend the operating mileage of applications like
electric automobiles [2]. Despite its many benefits,
consumers firmly believe that better lithium-ion batteries
will eventually be produced since the current generation of
these batteries is unable to fully meet business demands. In
the realm of new energy vehicles, an optimal battery should
possess not only exceptional cycle performance, high-rate
capabilities, and a broad operating temperature range, but
also exceptional safety performance [3]. To create batteries
that are more affordable, denser, lighter, more powerful,
and have a larger storage capacity, battery producers are
always experimenting with novel chemistries. Presently,
LIB technology has the best energy density among all
innovative storage methods. For this reason, due to the

many beneficial features of lithium-ion batteries, their use
is critical for areas such as energy and production. It's
remarkable how characteristics like quick charging and a
temperature operating window between —50 °C and 125 °C
can be fine-tuned thanks to the huge range of cell designs
and chemicals. Other advantages of Li-ion batteries are
their low self-discharge rate, lengthy lifespan, and high
cycling performance, they can often withstand hundreds of
charging and discharging cycles [4]. The usual temperature
range of 20 to 60 °C is sufficient for lithium-ion batteries
(LIBs) to store energy and function efficiently; however,
below zero, performance drastically decreases [5]. Even at
-40 °C, the most frost-resistant batteries continue to
function, although their capacity drops to around 12%.
Moreover, cycling at low temperatures speeds up LIB
aging, which makes long-term battery use in cold climates
restricted [6].

In addition to EVs, LIBs are widely used in a variety of
portable consumer electronics products and energy storage
facilities. However, cold temperatures significantly impair
LIBs' functioning. The discharge capacity of LIBs rapidly
decreases below 0°C, and they are unable to fulfill the low-
temperature standards necessary for electronic gadgets and
electric vehicles to operate normally. A study. found that
at temperatures below -10°C, LIBs lose the most energy
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and capacity [7]. The parameters of lithium-ion batteries
are very important for the safe use of batteries under
different temperature conditions. Since the temperature
parameters of lithium-ion batteries cannot be determined
reliably and healthily, critical problems such as incorrect
prediction of battery life and energy management arise.
Estimation methods for lithium-ion battery parameters are
similar. For this reason, many studies have been conducted
in the literature on this issue. For real-world Battery
Management System (BMS) [8], [9] applications, it was
presented a particle filter-based co-estimation approach for
state of charge (SOC) [10] and state of heath (SOH) [11]
based on the mathematically complicated P2D model,
which has a time-delayed response [12]. A chaotic firefly-
particle filtering technique was developed, which mimics
the way in which fireflies naturally interact with one
another by using light to achieve particle optimization. In
order to perform high-precision SOC and SOH co-
estimations, it discovers a new optimal solution by
chaotically mapping a set of particles to distinct solution
spaces [13]. For the purpose of co-estimating the SOC and
SOH of lithium-ion batteries, a study was given that
suggested a backpropagation neural network-dual
extended Kalman filter (DEKF) technique based on the
limited memory recursive least squares (LMRLS)
algorithm. By accounting for the coupling impact between
SOC and SOH, the backpropagation neural network is
utilized to perform synergistic estimation, which enhances
the tracking accuracy of the DEKF technique [14]. An
adaptive extended H-infinity filtering approach using a
particle swarm optimization network was reported in a
study. This method creatively makes use of the monitoring
of the battery's aging characteristics in terms of capacity
and power fading for SOC and SOH estimates [15].

Since lithium-based batteries have an important place
today, their importance is increasing in the future due to
more consistent use of energy. As a result of the literature
research, together with the importance of the above-
mentioned issue and the problems that arise, it has been
concluded that the temperature estimation of lithium-ion
batteries is very important. In addition, it has been
concluded that this problem has not been solved while
determining the hyperparameter values of the UKF method
with trial-and-error methods while determining the
parameters of lithium-based batteries. For this reason, in
this study, a solution has been provided to this problem by
determining the hyperparameter values with the PSO,
CPSO, and CLPSO methods in the UKF method while
estimating the parameters of 18650-type lithium-ion
batteries. In this study, the temperature parameter
estimation performances of the PSO-UKF, CPSO-UKF,
and CLPSO-UKF methods of the 18650-type lithium-ion
battery have been compared and presented. The
hyperparameter values of the UKF method have been
determined successfully with all optimization methods,
and it has yielded more successful results than the
traditional UKF. The obtained results have been presented
with many graphics and regression estimation metrics that
can be applied in real life.

Material and Method

In this study, the dataset was edited using the MATLAB
program. The obtained edited dataset was used to estimate
temperature using the Python programming language on a
computer running the Ubuntu operating system. The
necessary codes for optimization and filtering were edited,
and the results were recorded.

Experimental Data

The battery data used in this study was taken from another
study published in 2023 [16]. In the experimental study
conducted in the related study, a total of 25 LI1Bs were used
for the test. 5 cells were tested for each SOH condition. An
RPT was performed on each LIB when aged to 100%, 95%,
90%, 85%, and 80% SOH values through electrical
cycling. To measure the retained energy capacity, the LIBs
were stored in a thermal chamber at 25 °C. They were left
for one hour to equilibrate. Then, each LIB was charged to
4.2 V using the C/3 constant current profile, at which point
the LIB was held at this voltage and charged in constant
voltage (CV) mode until the value of the charge current
decreased to C/20. SOH is defined as the ratio of the cell's
measured energy capacity at a particular cycle number to
its measured energy capacity at the time of its first
measurement. The energy capacity of the cell as measured
at a specific number of cycles is expressed by its current
capacity. In the relevant dataset, 90% SOH means that the
battery capacity maintains 90% of its original capacity after
certain cycles. For this reason, although there is no fixed
cycle number for each SOH level, when the dataset is
examined, it is seen that the SOH value is 90.80% in 120
cycles and 95.06% in 60 cycle numbers for a battery cell.
The relevant SOH formula is given in Equation 1 [16].
Current

Current Capacity

SOH = x 100 @)

Reference Capacity

The characteristics of the battery used in this study are
given in Table 1 [17].

Table 1. Lithium-ion battery specifications

Parameter Details

Nominal Voltage 3.63V

Constant current 0.3C (1,455mA)
Standard Charge  Constant voltage 4.2V

End current (Cut off) 50mA
Weight 680+x10g¢g

Energy Nominal 18.20Wh
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Figure 1. Dataset properties

The column data of the dataset used in this study is
visualized in Figure 1. It is observed that the voltage value
and capacity of the battery increase while charging with
constant current, and the temperature value also increases.
The dataset is rearranged to consist of four columns. The
temperature column is the row estimated by the UKF
method.

10000 12500 15000 17500 20000

Data Number

Chaos Particle Swarm Optimization

Both the quality of the solution and the PSO algorithm's
rate of convergence depend on how the particle swarm is
initialized. Since there is no previous information
available, random initialization is often used to establish
the position and velocity of the particles during the particle
swarm initialization step. While particle swarms with
random distributions are somewhat successful, certain
particles may slow down the algorithm's convergence
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because they are too distant from the best answer. In the
chaotic attraction domain, chaotic motion takes place in a
variety of states while maintaining the necessary
unpredictability of particle group initiation. A
comparatively frequent occurrence in nonlinear systems is
chaos. The law claims that it can traverse all states within
a certain range and is ergodic and intrinsically random.
Equation 2 presents the mapping relationship for a typical
chaotic system, which is the logistic mapping [18].

Ziyy = pzi(1 - z;),2;€(0,1] (2)

In this case, the control variable is u. The logistic map
becomes fully chaotic at u = 4, and the resultant chaotic
variable zi exhibits superior ergodicity.

The logistic chaotic map's bifurcation diagram is seen in
Figure 2.
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Figure 2. CPSO search [18]
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During the search, the particle swarm can be distributed via
the chaotic map to a random value in the interval [0, 1].
Nevertheless, as Figure 1 illustrates, the particles are more
widely distributed in the region of 0 and 1 via the
conventional chaotic mapping procedure in Equation 1.
Because of this, the chaotic distribution is not uniform,
which makes it impossible for the particles to be distributed
evenly in the [0, 1] interval during the chaotic search
process [18].

Unscented Kalman Filter

When used on a linear model, the Kalman filter is one
specific kind of recursive Bayesian filter. For use with non-
linear models, the extended Kalman filter (EKF) and
unscented Kalman filter (UKF) are improvements over the
Kalman filter. Although the UKF performs better in non-
linear systems and small observed data regimes than the
EKF, it should be emphasized that it is more
computationally costly. Developed originally by Julier and
Uhlman, the UKF is a flexible filter suitable for
complicated non-linear systems. It makes use of the notion
of unscented transformation to approximate the statistics of
non-linear systems that are reasonably complicated. In the
unscented transformation, a set of sample points is selected
deterministically in order to mimic the statistical features
of a random variable. It refers to these as sigma points. To
perform the non-linear transformation, each sigma point is
propagated across the non-linear systems. The statistical
characteristics of the modified random variable are
represented by these transformed sets of points [19]. Sigma
points are used in the unscented transformation, as shown
in Figure 3.
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C represents the updated sigma points, b represents the
production of symmetric sigma points around the mean,
and a represents the a priori data.

KF theory is currently widely applied in various high-tech
industries, including tracking, guiding, military
applications, agriculture, and defense. A discrete linear
time-varying system is given by Equation 3 and Equation
4.

x(k+1) = A(k)x(k) + B(k)u(k) + e(k) 3

y(k) = C(k)x (k) + &(k) (4)

The time step in this case is k, and the system status,
control, and output variables are, respectively, xeR®, bER",
and yeR™. Process noise (e) and measurement noise (&) are
uncorrelated and normally distributed zero-mean white
noise sequences; @ and R are the variances of e and ¢,
respectively. A, B, and C are matrices with appropriate
dimensions.

The UKF method based on unscented transformation (UT)
was proposed by Julier [20]. UKF adheres to the KF
structure; however, it expands and maps the Sigma point
set in a nonlinear manner by projecting the state at the next
moment. It has three benefits: first, it eliminates the need
for the laborious computation of the complex nonlinear
function's Jacobian matrix; second, it ensures the nonlinear
system's universal adaptability; and third, the noise of the
Gaussian distribution is reduced as a result of the Gaussian
distribution's expanding Sigma point set. It specifies the
UKF-based filtering procedure for the nonlinear time-
varying system shown in Equation 5 and Equation 6.

x(k+1) = f(k,x(k),u(k)) + e(k) (5)

y(k) = h(k,x(K)) + e(k) (6)

First, UT is used to determine the 2n+1 Sigma sampling
points and the weights that correlate to them. In this case,
symmetric distribution sampling with UT is used. The
situation is given in Equation 7.

XOk + 11k) = f[k, XD (klk), u(k)] (7

Then, the estimation results and covariance matrix of the
system state variables are obtained as in Equation 8 and
Equation 9.

2n
Rk +1]k) = Z wOXD(k + 1]k) ®)

=0

2n
P(k +1]k) = Z wO[£(k + 11k)
o XOU +110][XK+ 1K) 9)
-XO%k +11K)]"+0Q

To get 2n + 1 predicted observations Y, UT is used once
more to construct a fresh set of Sigma points and
accompanying weights based on the anticipated values.
These values are then inserted into the nonlinear
measurement function. This situation is given in Equation
10.

YOk + 1|k) = h[k, XD (k + 1]k)] (10)

The update step is given in Equation 11, Equation 12 and
Equation 13.

P—l

K(k+1) = Py, Py,

(11)

Rk + 1)k +1) = X(k + 1]k)
+K(k+D[yk+1)
— Yk +1]k)]

(12)

P(k + 1k + 1) = P(k + 1]k) — K (k

+ 1P, K" (k + 1) (13)

kYK

P is the variance, k+1 is time, and f(#) and h(#) are the
nonlinear function parameters [21]. The prediction metrics
used in this study are given in Equation 22, Equation 23,
Equation 24. Y is the true value, ¥ is the mean of the true
value and y} is the predicted value [22].

1w .
MSE = ;2(}1 - ¥8)? (14)
t=1
RMSE = (15)
1 T
MAE :?Zb/—yﬂ (16)
2 _ Z(y_é —-y)? a7
2 —y)?
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Results

It is critical that the temperature estimation of the lithium-
ion battery is done by unscented Kalman filter-based
methods. In this study, the hyperparameter values of the
Unscented Kalman Filter Method are determined quickly
by PSO and improved PSO methods, and then the battery
temperature estimation is made. Table 2 shows the results
found by PSO optimization and its derivatives for the
sought parameter values of the UKF method in this study.
The population number was determined as 50 for all
optimization methods.

In Figure 4, the exploration and exploitation processes in
the C-PSO method are presented graphically and the
process of searching for a suitable solution in the
optimization method is visualized. It is seen that the
optimization method successfully achieved the stage of
reaching a suitable solution by establishing a balanced
search for the two concepts.

Table 2. Found hyperparameter by optimization method
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Figure 4. Hyperparameter search process of the CPSO-
UKF method.

Table 3 shows the estimation success of the methods
obtained by applying the hyperparameter values found by
the optimization methods for the UKF method. When the
lowest error was evaluated according to the MAE metric,
the CPSO-UKF method made the least error with a value
of 0.0000368. The UKF method was the method that made
the most errors in prediction compared to the other
methods. The PSO-UKF method made less error in

Alpha Kappa R
Method  Search Area Found Search Area  Found Search Area  Found
PSO 0.0001-0.1  0.0780940 0-20 6.2504753 0.1-100 0.1006981
C-PSO  0.0001-0.1  0.0515949 0- 20 2.2726251 0.1-100 0.0000771
CL-PSO 0.0001-0.1  0.0656085 0- 20 19.0 0.1-100 0.2455204
Table 3. Estimation results of UKF methods
Method MSE RMSE MAE R?
UKF 0.0172722 0.1314238 0.0012692 0.9463256
PSO-UKF 0.0000251 0.0050155 0.0000370 0.9999218
CPSO-UKF 0.0000248 0.0049817 0.0000368 0.9999228
CLPSO-UKF  0.0001376 0.0117342 0.0000871 0.9995721
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Figure 5. CPSO-UKF estimation result

prediction than the CLPSO-UKF method, with a value of
0.005013% according to the MAE metric. In Figure 5, a
detailed comparison of the real value and the estimated
values of the CPSO-UKF method is made. The CPSO-
UKF method made a very small error in prediction from
the real value with a value of 0.002482% according to the
MSE metric. The temperature of the lithium-ion battery
was successfully estimated using the Unscented Kalman
Filter method.

All methods achieved more successful results than the
normal UKF method. The CPSO -UKF method was the
most successful method in temperature estimation with a
value of 99.99228% according to the R metric. The PSO-
UKF method achieved more successful results than the
standard UKF method. The CLPSO-UKF method achieved
0.03497% less success according to the R metric than the
PSO-UKF method.

Figure 5 provides the actual temperature value, and the
temperature estimate by the using CPSO-UKF method. It
is seen that the difference between the estimated value and
the actual value is very small.

Conclusion

As the use of lithium-based batteries increases day by day,
the improvement of energy consumption and performance
of these batteries has become critical. In this study,
temperature estimation of an 18650-type lithium-ion

Data Number

battery was made with UKF-based methods. Since the
hyperparameter determination process is long and tiring,
alpha, kappa, and R matrix values, which are among the
most important hyperparameter values of the UKF method,
were determined with PSO, CPSO, and CLPSO methods.
In the hyperparameter search process, the population
number was set as 50 for all optimization methods. By
applying the obtained hyperparameter values to the UKF
method, the lithium battery temperature estimation
performances of the UKF, PSO-UKF, CPSO-UKF, and
CLPSO-UKF methods were compared. All methods based
on PSO optimization achieved more successful results
compared to the standard UKF method. According to all
experiments, the CPSO-UKF method was suggested as the
most successful method with the least estimation error with
a value of 0.49817% according to the RMSE metric. The
process of finding the appropriate solution and the
temperature estimation process of the proposed method
were presented with different visuals and estimation
metrics, and their success was presented. The author is
considering using metaheuristic optimization methods in
the lithium battery-based parameter estimation process
with the particle filter method in future studies.
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dataset was utilized, and SMOTE was applied with different k-values to balance the data, examining the
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findings highlight the potential of the StackingC model as a robust tool for CAD prediction, offering a
promising non-invasive method for early diagnosis.

Introduction

According to the WHO report [1], ischemic heart disease,
also known as coronary heart disease, was the primary
cause of death worldwide in 2019. It accounted for 16%
of all deaths and experienced the most significant rise in
fatalities since 2000; resulting in 8.9 million deaths in
2019 (see Fig. 1). Early detection of coronary artery
disease (CAD) is essential to prevent an increased risk.
Coronary angiography is the definitive diagnostic tool for
CAD but is invasive and can result in complications like
artery  dissection, arrhythmia, and even death.
Additionally, image-based detection methods are
expensive and impractical for screening large populations,
particularly in developing countries. Due to these
limitations and the potentially dangerous nature of
angiography, researchers have been seeking noninvasive,
cost-effective, fast, and reliable methods for early CAD
detection. Machine learning (ML) algorithms are among
the techniques being explored for this purpose [2].

ML methodologies have shown significant potential in
accurately diagnosing heart disease, improving the

efficiency of medical professionals, and generating
economic benefits. As datasets expand and ML
algorithms advance, the impact of ML applications on
automated heart disease prediction is expected to increase
substantially. On the other hand, class imbalance issues
are common in medical diagnostics, where majority class
samples outnumber minority class samples. Traditional
classification algorithms often misclassify minority
observations as noise, leading to lower accuracy for the
minority class. Addressing this imbalance is essential for
improving the overall diagnostic performance of ML
algorithms. In order to tackle this problem, the synthetic
minority oversampling technique (SMOTE) algorithm is
used in this study and efforts are made to improve the
performance of SMOTE. This study has two primary
contribution to the existing literature:
e The first is to determine the impact of the k
hyper parameter in the K-Nearest Neighbors
(KNN) classifier used for SMOTE on prediction
performance.
e The second is to evaluate the effectiveness of
various machine learning models in predicting
CAD, aiming to identify the optimal ML model
for coronary artery disease prediction.
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Figure 1. Leading causes of death globally

The remainder of the paper is structured as follows:
Section 2 presents the literature review. Section 3
describes the dataset and outlines the proposed
methodology. Section 4 discusses the experimental results
and provides an analysis. Finally, Section 5 covers the
conclusion and potential future work.

Literature Review

Up to now, a substantial number of studies have been
conducted to predict CAD, extensively applying machine
learning. Notably, Alizadehsani et al. [2] and Kutiame et
al. [3] have provided comprehensive reviews on CAD
prediction. Kurt et al. [4] compared various classification
techniques for CAD prediction in 1245 subjects, finding
the multi-layer perceptron (MLP) to be the best predictor
with an and area under the receiver operating
characteristic curve (AUROC) of 0.783, outperforming
logistic regression (LR), classification and regression
trees (CART), radial basis function (RBF), and self-
organizing feature maps (SOFM). Babaoglu et al. [5]
explored principal component analysis (PCA) with
support vector machines (SVM) for assessing exercise
stress tests. The results showed that reducing features
with PCA improved SVM model accuracy and reduced
errors. Alizadehsani et al. [6] introduced the Z-Alizadeh
Sani dataset and achieved a 94.08% accuracy in
diagnosing CAD using effective features and data mining
methods.

Furthermore, Akila and Chandramathi [7] proposed a
hybrid method involving decision trees (C4.5) and MLP,
achieving classification accuracies of 98.66% for C4.5
and 96.66% for MLP. Lo et al. [8] combined four heart
disease datasets, using seven machine learning methods to
predict CAD, and developed a new classifier with optimal
performance using the TOPSIS algorithm. Miao et al. [9]
developed an ensemble machine learning model using
adaptive boosting, achieving accuracies between 77.78%
and 96.72% across multiple datasets. Alizadehsani et al.
[10] also aimed for high accuracy in diagnosing major
coronary arteries stenosis, achieving rates of 86.14% for

the LAD artery, 83.17% for the LCX artery, and 83.50%
for the RCA, which are the highest reported in the
literature.

Forssen et al. [11] systematically evaluated machine
learning methods like L1 regression and random forest
(RF) classifiers for CAD prediction using metabolomic
data. Beunza et al. [12] compared machine learning
algorithms on the Framingham Heart Study data, finding
artificial neural networks (ANN) achieved the highest
AUROC in R-Studio (0.71) and SVMs performed best in
RapidMiner (0.75). Abdar et al. [13] tested ten traditional
algorithms, ultimately selecting three types of SVMs
optimized using genetic algorithms and particle swarm
optimization, achieving a 93.08% accuracy and 91.51%
F1-score with the optimized N2Genetic-nuSVM model on
the Z-Alizadeh Sani dataset. Likewise, Dahal and Gautam
[14] implemented five supervised classification methods
for CAD prediction and determined the best model
through performance comparison.

Dipto et al. [15] developed a prototype system using
various machine learning algorithms to identify the most
suitable model for a clinical dataset, finding the ANN to
achieve the highest accuracy. Additionally, Dutta et al.
[16] introduced a two-layer convolutional neural network
(CNN) for classifying imbalanced clinical data, achieving
high accuracy and specificity. Joloudari et al. [17]
enhanced CAD diagnosis accuracy through an integrated
machine learning approach, utilizing random trees (RT),
C5.0 decision trees, SVM, and chi-squared automatic
interaction detection (CHAID) decision trees. Muhammad
et al. [18] developed machine learning models for CAD
prediction using data from hospitals in Nigeria, with the
random forest model achieving the highest accuracy and
AUROC. Wang et al. [19] introduced a cloud-random
forest (C-RF) model for assessing CAD risk. Using the
Framingham dataset from Kaggle, the model achieved
85% accuracy and demonstrated superior performance in
classification accuracy, error rates, and AUROC value
compared to CART, SVM, CNN, and RF models. Wang
et al. [20] enrolled 3,112 CAD patients and 3,182 controls
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Table 1. Summary of literature review on CAD prediction using ML techniques

Method Used
Logistic Regression, CART, Neural

Authors
Kurt et al. [4]

Networks
Alizadehsani etal.  SVM with Feature Selection and
[6] Information Gain

Alizadehsani etal.  SVM with Kernel Fusion, Information

[10] Gain, Feature Selection

Lo et al. [8] Ensemble Learning, Co-Expressed
Observations, TOPSIS

Miao et al. [9] Adaptive Boosting Algorithm,

Ensemble Learning

Forssenetal. [11] L1 regression, Random Forest

Beunza et al. [12] SVM, Neural Networks, Decision

Trees, Random Forest

Dahal and Gautam  SVM, LR, Bagging CART, RF, KNN

[14]

Dipto et al. [15] Logistic Regression, SVM, ANN

Dutta et al. [16] CNN with LASSO

Masih et al. [21] Multilayer Perceptron-based DNN

Wang et al. [20] Cloud-Random Forest

Trigka et al. [22] Stacking Ensemble with SMOTE

Mishra et al. [23] SVM, Logistic Regression, Random

Forest, Decision Tree

Saeedbakhshetal. SVM, ANN, Random Forest

[23]

This Study (2024)  StackingC

Dataset
Trakya University dataset (1245
samples)

Z-Alizadeh Sani (303 samples)
Z-Alizadeh Sani (303 samples)

UCI Machine Learning
Repository (822 samples)

UCI Machine Learning
Repository (920 samples)

4C Metabolomics dataset (3409
samples)

Framingham Heart Study (4240
samples)

Z-Alizadeh Sani (303 samples)

Z-Alizadeh Sani dataset (303
samples)

NHANES dataset (37,079
samples)

Framingham Heart Study (4583
samples)

Framingham Heart Study (4238
samples)

Framingham Heart Study (4238
samples)

Various hospitals in Odisha
(3254 samples)

Isfahan Cohort Study dataset
(11495 samples)

Framingham CAD dataset
(4238 samples)

Class Imbalance Handling

No specific focus on class
imbalance

No specific focus on class
imbalance

No specific focus on class
imbalance

No specific focus on class
imbalance

No specific focus on class
imbalance

No specific focus on class
imbalance

Applied oversampling to
balance dataset

Applied SMOTE to balance
dataset

Applied SMOTE to balance
dataset

Addressed class imbalance
with CNN structure

Applied SMOTE to balance
dataset

Applied SMOTE to balance
dataset

Applied SMOTE to balance
dataset

No specific focus on class
imbalance

No specific focus on class
imbalance

SMOTE with varying k-
values

from three centers in China, developing a RF model. This
model achieved an AUROC of 0.948 in the development
cohort and 0.944 and 0.940 in two validation cohorts. An
easy-to-use tool combining 15 indexes was also created
for clinical application, enhancing CAD management and
prevention. Trigka and Dritsas [22] evaluated various
machine learning models with and without SMOTE,
finding the stacking ensemble model combined with
SMOTE and 10-fold cross-validation to outperform
others. Huang and Huang [24] used the NHANES dataset
to identify CAD risk factors with machine learning,
achieving an AUROC of 0.89 with the XGBoost model.
Ozbilgin et al. [25] proposed a non-invasive CAD
diagnosis method using iris images and SVVM, achieving a
93% accuracy rate. Saeedbakhsh et al. [23] used SVM,
ANN, and RF to predict CAD with high accuracy,
identifying key predictors and extracting eleven high-
confidence rules. Li et al. [26] proposed a deep learning
hybrid model for CAD prediction, significantly improving
accuracy and addressing overfitting issues. Table 1
presents a summary of literature review on CAD
prediction using ML techniques

After analyzing the related literature, it is evident that
various studies have explored the use of machine learning
models for coronary artery disease (CAD) prediction,
employing methods such as support vector machines
(SVM), random forests, and convolutional neural
networks (CNN), demonstrating moderate to high
accuracy and AUROC scores. However, a significant gap
exists in addressing the issue of class imbalance, a
common problem in medical datasets where CAD-
positive cases are underrepresented. This imbalance often
leads to reduced model performance, particularly in
predicting minority class instances, which are critical in
healthcare applications. Additionally, while previous
research has shown the potential of ensemble models, like
stacking classifiers, to enhance performance by
leveraging the strengths of multiple models, there has
been limited focus on optimizing these models for CAD
prediction. Another unexplored area in the literature is the
effect of different SMOTE (Synthetic Minority
Oversampling  Technique)  k-values on  model
performance, which can have a substantial impact on how
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well machine imbalanced

datasets.

learning models manage

This study addresses these gaps by applying SMOTE to
balance the dataset and experimenting with various k-
values to optimize model performance. Moreover, it
evaluates a stacking ensemble model (StackingC), which
combines multiple classifiers and demonstrates superior
performance over traditional machine learning models.
The findings reveal that StackingC consistently
outperforms other models, achieving high accuracy,
sensitivity, specificity, and AUROC, making it a robust
and reliable tool for CAD prediction, especially in the
context of imbalanced datasets. This research not only
advances the application of ensemble models for CAD
prediction but also provides valuable insights into how
tuning the k-parameter of SMOTE can enhance model
performance, effectively addressing key gaps identified in
the literature.

Material and Method

This section outlines the approach used in the study,
detailing the materials, datasets, and methodologies
employed to predict coronary artery disease (CAD) risk
using machine learning techniques.

Dataset description

This research paper utilizes the Framingham CAD
dataset, available on Kaggle [27], to conduct an empirical
examination of CAD risk assessment methods. The
dataset originates from a continuous cardiovascular study
involving residents of Framingham, Massachusetts. The
objective is to predict whether a patient will experience
coronary heart disease within the following ten years.

The Framingham CAD dataset encompasses 15 risk
indicators associated with CAD, with a collective sample
size of 4238 participants, of whom 644 (15.2%) were
diagnosed with CAD. Detailed statistical information
regarding the features concerning the target class labels is
provided in Table 2 and 3. The Framingham CAD dataset
was chosen for several reasons. First, it includes well-
established risk factors for CAD, such as age, systolic and
diastolic blood pressure, cholesterol levels, glucose, and
smoking habits, all of which are critical in predicting the
disease. These features have been widely used in
cardiovascular research and are known to provide reliable
insight into coronary artery disease. The dataset’s breadth
and depth allow for a comprehensive analysis of the
disease risk, making it a suitable foundation for machine
learning-based predictive modeling.

Second, the dataset’s public availability on platforms like
Kaggle ensures transparency and reproducibility, which
are essential in scientific research. Its accessibility allows
researchers to validate findings and develop comparable
models, increasing the robustness of machine learning
approaches in CAD prediction.

Additionally, despite its initial class imbalance (with
15.2% of participants diagnosed with CAD), the dataset
offers a sufficient sample size to apply techniques like
Synthetic Minority Oversampling Technique (SMOTE)
[28]. SMOTE was used to balance the dataset, creating
equal representation of CAD and non-CAD cases, which
enhances the accuracy and reliability of the predictive
models.

Overall, the Framingham CAD dataset provides an ideal
combination of relevance, data quality, and availability.
Its use of established risk factors and its large sample size,
together with the applied class-balancing techniques,
make it a robust choice for developing accurate and
reliable machine learning models for early CAD
detection.

Data Preprocessing

The number of participants who have been diagnosed
with CAD is 644 (15.2%), indicating an imbalanced
dataset. In accordance with the principle of balancing the
quantity of CAD and non-CAD samples, SMOTE
method [28] was employed to transform the Framingham
dataset into a balanced dataset. SMOTE relies on the K-
Nearest Neighbors (KNN) [29] classifier generating
synthetic data for the minority class in order to achieve a
uniform distribution across both classes. One of the
objectives of this study is to observe the effects of the k
hyper parameter of the KNN classifier used for SMOTE
on the prediction performance. Hence, SMOTE was
applied with 3 different k values which are 1, 3, and 5,
resulting in the creation of three distinct datasets.
Following the implementation of SMOTE, the datasets
achieved balance, consisting of 7188 participants with an
equal distribution of 3594 instances each for both CAD
and non-CAD classes. Furthermore, in order to prevent a
reduction in the observation count, any missing values
within the continuous variables were filled by averaging
the remaining non-missing values within that specific
variable. Lastly, all attributes with numeric values were
normalized within the range of [0, 1].

Feature selection

In this study, Random Forest (RF) [30] was utilized
alongside 10-fold cross-validation to eliminate irrelevant
features, which can degrade model performance. The
combination of robustness, scalability, interpretability,
and automatic feature selection makes RF a popular
choice for selecting the best features in machine learning
tasks. The main steps of feature selection using RF in this
study are described as follows:

Step 1: RF was trained using the entire dataset with 10-
fold cross-validation.

Step 2: Then, for each attribute in the dataset, we
temporarily removed this attribute and trained the
classifier again using the remaining attributes.
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Step 3: After training the RF without each attribute, we
evaluated the performance of the RF using, accuracy
metric through cross-validation.

Step 4: The importance of each attribute was determined
based on how much the performance of the RF degrades
when that attribute is removed. If removing an attribute
causes a significant drop in performance, it suggests that
the attribute is important for classification.

Step 5: Finally, the attributes were ranked based on their
importance scores. Attributes with higher scores were
considered more important for classification, while
attributes with lower scores might be deemed less
important or even irrelevant.

After obtaining the rank of significance for the features
(see Fig. 2), a decision was made regarding which
features to use for the model. Starting from the feature

with the lowest score, each feature was individually
removed from the model, and RF classifier was run. The
accuracy metric reached its maximum level with 8
features as it is shown Table 4. The 8 features that
maximize the accuracy of the RF model are as follows:
age, diaBP, glucose, heartRate sysBP, totChol,
cigsPerDay, BMI. Hence, only these features were
utilized for the remainder of the study

Machine learning models

In particular, the focus was on evaluating Bayesian
Network (BN) [31] and the K-Star algorithm [32].
Ensemble ML algorithms were also explored, including
Random Forest (RF) [30], Stacking [33], and StackingC
[34]. After numerous preliminary experiments, the
optimal hyper parameters for the algorithms were
determined and are detailed in Table 5:

Table 2. Numerical features of Framingham dataset

Attribute Description Min Max Mean + stdDev
Age Age of the patient in years 32 70 49.5 £ 8.56
Cigs/day Number of cigarettes smoked per day 0 70 9+11.92
totChol Total cholesterol level 113 464 236.8 +43.69
SysBP Systolic blood pressure 83.5 295 132.3+22.1
DiaBP Diastolic blood pressure 48 142.5 82.9+11.97
BMI Body Mass Index 15.54 56.8 25.8+4.07
Heart rate Heart rate (beats per minute) 44 143 75.7+11.99
Glucose Glucose level 40 394 81.8 +£23.89
Table 3. Nominal features of Framingham dataset
Attribute Description Categories n
Gender Gender of the patient Male 1819
Female 2419
Education Level of education Some high school 1825
High school graduate 1253
Some college or 687
vocational school
College graduate 473
Current smoker Indicator of whether the Yes 2094
participant is smoking No 2144
BPMeds Indicator of whether the Yes 124
participant is on blood No 4114
pressure medication
prevStroke Indicator of whether the  Yes 25
participant has a history No 4213
of stroke
prevHyp Indicator of whether the  Yes 1316
participant has a history No 2922
of hypertension
Diabetes Indicator of diabetes Yes 109
presence No 4129
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Figure 2. Selection of important influencing factors of CAD using RF
Table 4. Performance evaluation related to the number of features
Feature Number 6 7 8 9 10 11 12 13 14 15
Accuracy (%) 90.16 90.33 90.35 90.16 89.89 89.83 89.84 89.79 89.72 89.72

Table 5. Optimal hyper parameters for ML models for the Framingham dataset

Random Forest (RF) numlterations 300
numFeatures 5

K-Star (K*) globalBlend 30

Bayesian Network (BN) | estimator SimpleEstimator
searchAlgorithm K2

Stacking classifiers RF, K*, BN
metaClassifier K*

StackingC classifiers RF, K*, BN
metaClassifier K*

Experimental Results

This section presents the experimental results of the
study, detailing the evaluation metrics and test outcomes
of the machine learning models used for coronary artery
disease (CAD) prediction.

Evaluation Metrics

To assess the performance of machine learning models, a
confusion matrix was utilized. This matrix showcases the
disparities between actual and predicted classes. Each row
of the confusion matrix corresponds to instances in the
predicted class, while each column represents instances in
the real class, and vice versa. Typically, the confusion
matrix comprises four distinct terms: True Positive (TP),
False Positive (FP), True Negative (TN), and False
Negative (FN). True Positive (TP) denotes the number of
predicted values correctly identifying the presence of
disease, while True Negative (TN) represents the count of

predicted values correctly identifying the absence of
disease. False Positive (FP) indicates the count of
predicted values incorrectly classified as positive (when
they were actually negative), and False Negative (FN)
refers to the count of predicted values incorrectly
classified as negative (when they were actually positive).
Using these terms, performance metrics such as accuracy,
sensitivity, specificity, and Area Under the Receiver
Operating  Characteristic  Curve (AUROC)  were
calculated. A description of each performance metric is
provided below.

_ TN+TP
Accuracy = TN+TP+FN+FP @
Sensitivity = e 2
Specificity = ——— A3)
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In this study the performance of the ML models’ was
assessed using accuracy, specificity, sensitivity, and
AUROC values.

Experimental setup

The algorithms were implemented in WEKA 3.9.6 and
run on a PC with a 2.3 GHz AMD Ryzen 5 processor and
8 GB of RAM with Windows 11. A 10-fold cross-
validation was applied to measure the efficiency of the
machine learning models on the balanced dataset of 7188
instances after SMOTE, for each of the three values of k:
1,3, and 5.

Test results

In this paper, five machine learning techniques were
compared: Bayesian Network (BN) [31], K-Star [32],
Random Forest (RF) [30], Stacking [33], and StackingC
[34]. The comparison was performed on Framingham
dataset balanced by SMOTE [28] using three different
values of the k hyper parameter: 1, 3, and 5.

Table 6. Performance evaluation of ML models for k=1

Accuracy (%) Sensitivity (%) Specificity (%) AUROC (%)
BN 90.35 83.4 97.2 93.5
K-Star 84.24 98.3 70.2 97.9
RF 90.43 90.8 90.1 96.5
Stacking 95.92 95.4 96.5 99.1
StackingC 95.81 95.9 95.7 99.2

Table 7. Performance evaluation of ML models for k=3

Accuracy (%) Sensitivity (%) Specificity (%) AUROC (%)
BN 90.58 82.8 98.4 93.6
K-Star 81.15 94.3 68.0 93.9
RF 87.54 89.1 86 94.7
Stacking 95.08 93.9 96.3 98.6
StackingC 95.23 94.3 96.1 98.7

Table 8. Performance evaluation of ML models for k=5

Accuracy (%) Sensitivity (%) Specificity (%) AUROC (%)
BN 88.97 82.2 95.7 93.1
K-Star 78.85 91.5 66.2 90.9
RF 86.14 87.7 84.6 93.7
Stacking 94.23 92.7 95.8 98.1
StackingC 93.93 93.2 94.6 98.2

According to Table 6, 7, 8 the k hyper parameter in
SMOTE influences the performance of the ML models.
Generally, lower values of k yield higher performance
metrics, while higher values of k show a decrease in these
metrics. Considering the overall performance across
different values of the k hyper parameter in SMOTE, the
Stacking and StackingC classifiers stand out as the best
options for Framingham dataset due to their consistently
high accuracy, sensitivity, specificity, and AUROC.
However, StackingC has shown slightly better
performance compared to  Stacking.  StackingC
demonstrates high accuracy across all values of k
(95.81% for k=1, 95.23% for k=3, and 95.23% for k=5).
Furthermore, both sensitivity (95.9%) and specificity
(95.7%) are high for k=1, suggesting that the model is
equally good at identifying CAD cases and non-CAD
cases. This balance is crucial for medical diagnosis to
avoid both false alarms and missed diagnoses.

ROC Curves for Compared Classifiers
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Figure 3. ROC curves comparing machine learning
models at k=1 (SMOTE)
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Figure 4. ROC curves comparing machine learning
models at k=3 (SMOTE)
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Figure 5. ROC curves comparing machine learning
models at k=5 (SMOTE)

To provide a deeper understanding of the classification
performance of the ML models, ROC curves are
displayed in Figures 3, 4 and 5. The ROC curve is crucial
for evaluating classifier performance because it provides a
comprehensive view of the trade-off between the true
positive rate (sensitivity) and the false positive rate (1-
specificity) across different threshold settings. The
AUROC values are consistently high for StackingC,
indicating strong overall performance and reliability in
distinguishing between positive and negative cases of
CAD (99.2 for k=1, 98.7 for k=3, and 98.2 for k=5).
StackingC gave the best performance for k=1 in SMOTE
with 10-fold cross-validation, and the confusion matrix of
this model is given in Table 9.

terms of balancing accuracy, sensitivity, specificity, and
AUROC. This balance is crucial for medical diagnostics,
where both false positives and false negatives can have
significant consequences. The StackingC model’s
exceptional performance across multiple evaluation
metrics suggests it is a robust tool for CAD prediction,
and its applicability could extend to clinical settings for
early diagnosis.

Table 9. Confusion matrix for stackingC using k=1 in
SMOTE for Framingham dataset

Predicted non-

Predicted CAD Total
CAD
Actual CAD 3446 148 3594
Actual non-
153 3441 3594
CAD
Total 3599 3589

Additionally, a comparative analysis between the current
study and previous studies was performed using accuracy,
specificity, sensitivity, and AUROC evaluation criteria,
with the results presented in Table 10. Beunza et al. [12]
utilized support vector machines (SVM) on the same
Framingham dataset, achieving an accuracy of 69% and
an AUROC of 75%, which is substantially lower than the
results achieved by the StackingC model in this study.
Similarly, Wang et al. [20] employed a cloud-random
forest (C-RF) model on the Framingham dataset and
achieved an accuracy of 85% and an AUROC of 85%,
again demonstrating the superior performance of the
StackingC model used in this paper.

In comparison, Trigka and Dritsas [22] applied a stacking
ensemble model with SMOTE to predict CAD and
achieved an accuracy of 90.9% and an AUROC of 96.1%.
While this shows strong performance, the StackingC
model in the current study outperformed it with an
accuracy of 95.81% and AUROC of 99.2%, underscoring
the effectiveness of the ensemble learning method used in
this study.

Moreover, Masih et al. [21] applied a convolutional
neural network (CNN) model, achieving an accuracy of
96.5% on the Framingham dataset. Although the CNN
model achieved slightly higher accuracy, the StackingC
model's AUROC of 99.2%, alongside its balanced
sensitivity and specificity, makes it a more reliable and
robust model for distinguishing between CAD and non-
CAD cases.

These comparisons emphasize that while machine
learning models such as SVM, random forests, stacking
models, and CNNs have been widely used for CAD
prediction, the StackingC model in this study
demonstrates superior overall performance, particularly in

In summary, although there have been numerous studies
using machine learning techniques for CAD prediction,
this study’s StackingC model offers improved
performance when compared to many previous
approaches, making it a valuable contribution to the field.
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Table 10. Comparison of the ML models from previous studies for Framingham dataset

Authors Dataset Method Accuracy(%)  Sensitivity(%) Specificity(%) AUROC(%)
Beunza [12]  Framingham  SVM 69 42 84 75
Wang [20] Framingham  C-RF 85 84 86 85
Trigka [22] Framingham  Stacking 90.9 87.6 NaN 96.1
Masih [21] Framingham  CNN 96.5 91.9 98.28 NaN
This study Framingham  StackingC  95.81 95.9 95.7 99.2
chances of both false positives and false negatives. This
Conclusion would be particularly valuable in resource-constrained

In this study, it is aimed to enhance the prediction of
coronary artery disease (CAD) using various machine
learning models, focusing on the Synthetic Minority
Oversampling Technique (SMOTE) and its impact on
model performance. The results demonstrated that the
application of SMOTE, particularly with lower k-values,
significantly improved the performance metrics of the
machine learning models. Among the models tested, the
StackingC classifier consistently outperformed others,
achieving high accuracy, sensitivity, specificity, and
AUROC values across different k-values. This suggests
that StackingC is highly effective in distinguishing
between CAD and non-CAD cases, making it a reliable
tool for medical diagnostics.

To optimize the predictive accuracy of the ML models, it
was identified the eight most significant features using the
Random Forest (RF) model. The features that maximize
the accuracy of the RF model are age, diaBP, glucose,
heart rate, sysBP, totChol, cigsPerDay, and BMI. Hence,
only these features were utilized for the remainder of the
study. This feature selection process was critical in
enhancing the model's performance, ensuring that the
most relevant and impactful variables were included in
the prediction models.

This study’s findings highlight the importance of
addressing class imbalance in medical datasets to enhance
the accuracy and reliability of predictive models. The use
of SMOTE in balancing the dataset proved crucial,
particularly for models like StackingC, which showed
superior performance in all evaluation metrics. The
StackingC model achieved an accuracy of 95.81%,
sensitivity of 95.9%, specificity of 95.7%, and an
AUROC of 99.2% for k=1, underscoring its robustness
and potential for clinical application. The StackingC
model holds significant promise for real-world
applications, particularly in healthcare settings where
early and accurate detection of CAD is critical. This
model could be integrated into clinical decision support
systems to assist healthcare professionals in identifying
high-risk patients. With its high sensitivity and
specificity, the model can reliably distinguish between
CAD-positive and CAD-negative cases, reducing the

environments where access to invasive diagnostic
methods, such as coronary angiography, is limited. By
offering a non-invasive, cost-effective, and rapid
diagnostic tool, the StackingC model could improve early
detection and intervention, potentially reducing mortality
rates from CAD.

Despite its strong performance, the study has some
limitations that should be acknowledged. First, the dataset
used is the Framingham CAD dataset, which, while
comprehensive, may not fully represent the diverse global
population. The model’s performance might vary when
applied to other populations with different risk factors and
demographic characteristics. Additionally, the study
primarily focused on balancing the dataset using SMOTE,
but there could be other methods for handling class
imbalance that might yield different results. The impact of
hyper-parameter tuning and alternative resampling
techniques, such as ADASYN or NearMiss, was not
explored in this study.

Future research could address these limitations by
validating the StackingC model on larger, more diverse
datasets, potentially from different geographic regions
and healthcare settings. Expanding the feature set to
include other relevant risk factors, such as genetic data or
lifestyle  factors, could improve the model's
generalizability. Additionally, exploring other machine
learning techniques, such as deep learning models, or
hybrid approaches that combine ensemble learning with
neural networks, could further enhance performance.

Another promising direction for future research is the
development of interpretable models that allow healthcare
professionals to understand the underlying reasons for a
model’s predictions. Explainability in Al models is
crucial, especially in high-stakes fields like healthcare.
Research could focus on incorporating explainability
techniques like SHAP (Shapley Additive Explanations) or
LIME (Local Interpretable Model-agnostic Explanations)
to make the predictions more transparent to clinicians.
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ARTICLE INFO ABSTRACT

Spatial Transcriptomics(ST) has emerged as a powerful tool for understanding gene expression patterns
across different regions of a tissue or organism. It is crucial for disease research and developing new
therapies. It allows for the measurement of gene expression across specific, localized areas of a tissue
slide, though it does so with limited throughput. Yet, the data produced by ST technologies are
characteristically noisy, high-dimensional, sparse, and multi-modal, encompassing elements like
histological images and count matrices. Existing methods for analyzing ST data, which often rely on
traditional statistical or machine learning techniques, have proven inadequate in many cases due to
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challenges like scale, multi-modality, and the inherent limitations of spatially-resolved data, including
spatial resolution, sensitivity, and gene coverage. To address these specific challenges, researchers have
turned to deep learning-based models. In this study, we present a novel approach to transcriptomics
analysis using Kolmogorov-Arnold Networks (KANS), a state-of-the-art deep learning model to predict
regional origin of monkeypox transcriptomic sample. By leveraging the ability of KANSs to learn and
represent complex, non-linear functions, we aim to uncover intricate spatial patterns of gene expression
and gain insights into the underlying biological processes. Study’s analysis focuses on two distinct regions,
America and Asia, and employs a KAN-based classifier. The results demonstrate the promising
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performance of KANSs in this context, with a precision of 0.45 and a recall of 0.93 for the America region,
indicating a strong ability to correctly identify samples from this region. Findings indicate that predicting
the regional transcriptome of monkeypox from DNA motifs could facilitate image-based screening for
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. .
Corresponding author phylogenetic analyses.

Introduction

Spatial transcriptomics (ST) represents a significant
advancement over traditional gene expression analysis
methods by incorporating the geographical location of
DNA within tissue sections, thereby preserving the spatial
context of gene activity. Traditional methods, such as
single-cell RNA sequencing (scRNAseq), lack the ability to
maintain this spatial information, which is crucial for
understanding the complex interactions and heterogeneity
within tissues [1]. ST technologies, by contrast, enable the
profiling of gene expression at a single-cell resolution while
retaining the cellular compositions within a tissue, offering
insights into cellular interactions that were previously
unattainable [2]. The data produced by conventional ST
technologies exhibit inherent characteristics such as noise,
high  dimensionality, sparsity, and multimodality,
necessitating the utilization of specialized computational
tools like machine learning (ML) for precise and robust
analysis [2]. The integration of machine learning (ML)
techniques, has further differentiated ST from traditional
methods. The development of tools like SPADE for
identifying spatially variable genes and PERSIST for
optimizing gene panels for ST studies exemplifies the
tailored approaches being developed to leverage the unique

aspects of ST data [3, 4]. These tools, which are based on
machine learning models, offer superior performance in
detecting spatially relevant gene expression patterns and
selecting informative gene targets, respectively, compared
to methods used in traditional gene expression analysis [5],
[6]. Additionally, the application of ST, combined with
graph-based machine learning methods, has been
demonstrated in research on glioblastoma multiforme,
uncovering spatially restricted tumor niches and signaling
networks relevant to patient survival. This highlights the
potential of ST combined with ML to contribute to the
development of new therapeutic strategies by providing a
more nuanced understanding of disease pathology at the
spatial level. ST, enhanced by machine learning techniques,
offers a more comprehensive and nuanced understanding of
gene expression by preserving and analyzing the spatial
context of tissues, a capability that traditional methods lack.
Yet, machine learning frameworks have shown to be sub-
optimal for analyzing the complex, noisy, and high-
dimensional data generated by ST due to challenges such as
spatial resolution, sensitivity, and gene coverage [7]. Deep
learning (DL)-based models, however, are being developed
to address these ST-specific challenges, including
alignment, spatial reconstruction, and spatial clustering,
showcasing the potential for transformational applications
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in analyzing spatially resolved transcriptomics data [8].
These approaches not only advance our fundamental
understanding of biological processes but also open new
avenues for disease research and therapeutic development.

The historical process of human monkeypox disease traces
back to its first identification in the Democratic Republic of
Congo (DRC) in 1970, following the discovery of the
monkeypox virus in monkeys in 1958 [9]. Initially endemic
to Central and Western Africa, the disease is caused by the
monkeypox virus (MPXV), a zoonotic orthopoxvirus
sharing clinical similarities with smallpox but
distinguishable by symptoms such as lymphadenopathy
[10]. Over the years, the disease has seen a gradual increase
in incidence, with a notable shift in the median age of
affected individuals from children to young adults and a
variation in fatality rates between different clades of the
virus. Human monkeypox, caused by Monkeypox virus, has
historical significance post smallpox eradication. The
recent 2022 outbreak, with global spread and human-to-
human transmission, highlights its current threat level.

The classification of human monkeypox disease using deep
learning techniques encompasses a variety of approaches
aimed at enhancing early detection, diagnosis, and
understanding of the disease's spread. These methods
leverage Convolutional Neural Networks (CNNSs), transfer
learning, ensemble learning, and feature fusion techniques
to analyze skin lesion images and predict monkeypox
outbreaks. One primary method involves the development
of diagnostic models wusing Generalization and
Regularization-based Transfer Learning approaches (GRA-
TLA) for binary and multiclass classification of
monkeypox, demonstrating the potential of machine
learning in distinguishing between infected and non-
infected individuals with high accuracy [11]. Similarly, the
construction of a Computer-Aided Diagnosis (CAD) tool,
"Monkey-CAD," utilizes features extracted from multiple
CNNSs, employing Discrete Wavelet Transform (DWT) for
feature fusion and entropy-based feature selection to
enhance classification performance [12]. The application of
machine learning and image processing methods, including
data augmentation and transfer learning strategies across
various deep learning models, has been pivotal in
developing highly accurate models for monkeypox
diagnosis, such as "PoxNet22," which achieved 100%
precision, recall, and accuracy [13]. Additionally, emotion
classification from social media posts using deep learning
models like CNN, Long-Short Term Memory (LSTM) and
Bi-Directional LSTM (BILSTM) have provided insights
into public sentiment and concerns regarding monkeypox,
indirectly aiding in geographical classification by
identifying areas of heightened concern [13]. Deep-learning
methods supported with transfer learning tools and
hyperparameter optimization have been employed to detect
monkeypox through skin lesions, with models like
MobileNetV3-s showing remarkable results [14]. The
development of an image-based deep convolutional neural
network, MPXV-CNN, for identifying characteristic skin
lesions caused by monkeypox, has shown robust
classification performance across various skin tones and

body regions [15]. Ensemble learning-based frameworks
that combine probabilities from pre-trained base learners
like Inception V3, Xception, and DenseNet169 have also
been proposed to detect monkeypox virus presence from
skin lesion images with high accuracy [16]. Mobile
applications using deep learning for preliminary diagnosis
of monkeypox through skin lesion images offer a quick and
accessible tool for individuals, potentially aiding in the
geographical classification by facilitating early detection
[17]. Longitudinal studies assessing spatiotemporal risk
factors of monkeypox infection and predicting global
epidemiological trends using modified SEIR models and k-
means clustering analysis have provided insights into
changing risk factors and future outbreak predictions [18].
Finally, the comparison of different pre-trained deep
learning models fine-tuned for monkeypox virus detection
has led to the development of ensemble approaches that
improve overall performance, aiding health practitioners in
mass screening [19]. These methods collectively contribute
to the geographical classification of monkeypox disease by
enabling accurate and early detection, understanding public
sentiment, and predicting future outbreaks, thereby
assisting in containment efforts and public health planning.

The fact that deep learning is successful in various fields
and is effective in the classification of monkeypox disease
geographically, led us to analyze the DNA data of
monkeypox disease with KANSs, a new deep learning
model, in this study. The utilization of color-coded
representations in genetic sequence visualization offers a
compelling approach to elucidate complex genomic
information. By assigning specific colors to each
nucleotide—blue for Adenine, yellow for Thymine, red for
Cytosine, green for Guanine, and white for undefined
nucleotides—researchers can create an intuitive visual map
of DNA structures, facilitating the identification of patterns
and motifs within the genetic code. This method is further
enhanced by the implementation of advanced edge
detection algorithms, which employ brightness and
geometric thresholds, along with segmentation area
parameters, to accentuate structural features that might
otherwise remain obscure in traditional digital mapping
techniques. Moreover, these color-coded images are
designed to serve as input for transfer learning classification
models, effectively bridging the gap between
bioinformatics and machine learning. This innovative
approach enables the application of sophisticated pattern
recognition and classification techniques to genetic
sequence data through their visual representations,
potentially offering new insights into genomic structures
and functions.

In the study, DNA sequences associated with monkeypox
disease were initially obtained from both American and
Asian regions. These sequences were subsequently color-
coded, and DNA motifs were generated. Following motif
creation, a filtering process was conducted, and the resultant
images were subjected to classification using both KANs
and various Artificial Neural Network (ANN) models,
which were then compared. There are several deficiencies
of traditional spatial transcriptomics (ST) methods such as
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the use of tools like SPADE and PERSIST, and the
application of graph-based ML methods, are associated
with the paper's approach. SPADE and PERSIST tools
exemplify tailored approaches developed to leverage the
unique aspects of ST data. The paper's use of KANSs can be
seen as a continuation of this trend, aiming to provide
superior performance in detecting spatially relevant gene
expression patterns and selecting informative gene targets.
Also in Graph-Based ML methods, The application of
graph-based ML methods in previous research highlights
the potential of combining ST with ML to uncover spatially
restricted niches and signaling networks. This paper's
approach with KANSs aligns with this by offering a more
nuanced understanding of disease pathology at the spatial
level, potentially contributing to new therapeutic strategies.

Model performance was evaluated based on precision,
recall, and F1-score metrics. The highlights of this study can
be explained as follows:

»  For the first time in this study, the DNA sequences
that cause monkeypox disease were color-coded.

. To the best of our knowledge, for the first time in
this study, KANs deep learning model was employed to
classify monkeypox DNA motifs.

. This study shows that deep learning-based image-
screen methods can be effective in regional transcriptome
and phylogenetic analysis.

The remainder of the study is organized as follows: In the
second section, information about the data set and methods
used in the study is given. In the third section, application
results are given, and the findings obtained with both
KANs, and other models are compared. In the fourth
section, discussion is made and the performance of the
KANSs model is examined. In the last section, the study was
concluded, suggestions and future studies were mentioned.

Material and Methods
Datasets

The DNA sequences utilized in the research were sourced
from GISAID [20] and the National Center for
Biotechnology Center (NCBI Virus) [21]. These databases
offer a comprehensive analysis of Human Monkey Pox
DNA records globally since its isolation in December 2022.
During the investigation, we acquired the Asian-tagged
series from the NCBI Virus database and the remaining
sequences from GISAID. Data archived and shared in these
repositories are formatted as FASTA [22] files, containing
essential details such as date, location, quality, and
publication information of the researchers involved in
isolating the virus's DNA sequence. The repositories also
indicate the quality of DNA sequences, leading us to avoid
utilizing incomplete or low-quality sequences in our
classification model. Presently, GISAID has published over
5,000 complete or partial genomic sequences, while the
NCBI Virus database contains more than 2,000 fully or
partially labeled sequences. The cumulative count of
complete gene sequences obtained from these databases
amounts to 3,165. The distribution of these sequences is as

follows: Europe 900, America (North and South) 1,448,
Asia 926, as depicted in Figure 1. The data integrity and
completeness in these repositories are signified by the
requirement of a base pair count exceeding 29,000 and an
unresolved amino acid percentage of less than 5%. These
criteria ensure that the DNA information collected
accurately represents all amino acid values. Despite our
preference for fully isolated gene sequences, occasional
utilization of sequences containing "N" placeholders was
necessary due to limited data availability. Due to the
relative unevenness in the distribution of DNA sequences,
the data set collected during the study was divided into two
groups: American and Asian. In such a study, a simple
binary classification problem was applied. This resulted in
two almost equally distributed classes.

DNA data distribution

B America W Asia

Figure 1. The complete genome sequences counts are
distributed by continents for the training dataset.

DNA Motifs

When the DNA sequences of the Human Monkey Pox virus
were transformed into visual representations, a strategic
approach was employed by drawing an analogy and
portraying them in the form of circular shapes. It is worth
noting that an DNA sequence is comprised of four
fundamental nucleobases, namely Adenine (A), Cytosine
(C), Guanine (G), and Thymine (T). The representation of
these nucleobases is further enhanced by the utilization of
distinct color codes; Adenine-Yellow, Cytosine-Blue,
Guanine-Green and Thymine-Red.

The algorithm employed for the creation of DNA motifs is
a sophisticated computational procedure utilized for the
precise determination of the multitude of points necessary
to discretize a circular shape into pixels. Within the intricate
flow of this algorithmic process, the initial step involves the
identification of points within the eight divided segments,
followed by the meticulous determination of points within
the remaining octant. In the meticulous process of
pinpointing each point (X, y) along the circumference of the
circle, the subsequent pixel coordinates are calculated as
either (x, y + 1) or (x-1, y + 1), ensuring a systematic
approach to pixel placement.

The application of this algorithm was pivotal in the task of
populating the circle generated through the utilization of
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DNA data, meticulously translated into a character array.
This method resulted in the creation of intricate motifs,
whereby the RNA sequences were transformed and
represented in images with a resolution of 200x200 pixels
and 3 color channels, thereby enhancing the visual
representation of the genetic information. The varying
lengths of gene sequences under scrutiny necessitated a
meticulous determination of the optimal dimensions within
our circle drawing algorithm, ensuring a standardized and
efficient computational process. The flowchart of the
process of the stages here is given in Appendix-A in detail.
The detailed process steps of the flow chart are as follows:

The algorithm for DNA motif creation and filtering
represents a sophisticated approach to transforming genetic
sequence data into visual representations suitable for
advanced analytical techniques, including machine learning
applications. This process encompasses multiple stages,
from initial data preprocessing to the generation of filtered
images, each step carefully designed to ensure the integrity
and relevance of the resulting motifs.

The process commences with the initialization phase,
wherein the algorithm establishes crucial file paths for
FASTA input, genome storage, motif output, and filtered
motif storage. Concurrently, a regex filter is prepared to
facilitate efficient text processing. Subsequently, the
algorithm engages in a meticulous FASTA file processing
stage. Here, the contents of the FASTA file are read and
parsed using regex splitting, effectively separating the file
into discrete entries for individual analysis.

Following the initial parsing, the algorithm proceeds with a
line-by-line examination of the genetic sequences. This
stage implements a series of stringent filters to ensure only
high-quality, relevant genetic data is processed further. The
filtering criteria include checks for non-empty lines,
exclusion of header lines (those starting with ">"),
minimum length requirements (greater than 50 characters),
and the absence of long stretches of undefined nucleotides
("NNNNNNNN™). Lines meeting these criteria contribute
to the construction of a comprehensive genome string,
which is periodically written to storage and checked against
a minimum length threshold to ensure sufficient genetic
material for meaningful analysis.

The core of the motif creation process lies in the image
generation phase. Here, the algorithm initializes key
parameters such as image radius and origin, creating a
bitmap with dimensions of 200x200 pixels. The algorithm
then employs a mathematical approach to determine the
height of each column in the circular representation,
calculated as the square root of the difference between the
squared radius and the squared x-coordinate. This
calculation ensures a proper circular shape in the resulting
image.

In the pixel processing stage, the algorithm iterates through
each calculated y-coordinate, mapping nucleotides from the
genetic sequence to specific colors: Adenine to blue,
Thymine to yellow, Cytosine to red, Guanine to green, and
any undefined nucleotides to white. This color-coding
scheme creates a visually distinct representation of the

genetic sequence, with each pixel in the image
corresponding to a specific nucleotide in the original
sequence.

Post-generation, the algorithm applies a sophisticated edge
detection technique to enhance the visual patterns within the
motif. This process involves the careful setting of brightness
and geometric thresholds, as well as a segmentation area
parameter. The edge detection algorithm examines each
pixel in the context of its local neighborhood, defined by a
circular mask. By comparing brightness values and
calculating a segmentation area, the algorithm determines
whether each pixel represents an edge or a continuous
region, thereby highlighting the structural features of the
genetic sequence in the visual representation.

The final stages of the algorithm involve the storage of both
the original motif image and its edge-detected variant,
saved as PNG files in their respective directories. These
images serve as the end product of the visualization process,
encapsulating complex genetic information in a format
conducive to further computational analysis.

Ultimately, these generated images are primed for
utilization in transfer learning classification models. This
final step bridges the gap between bioinformatics and
machine learning, allowing for the application of advanced
pattern recognition and classification techniques to genetic
sequence data through their visual representations.

In conclusion, this algorithm represents a multifaceted
approach to genetic sequence visualization, combining
elements of bioinformatics, image processing, and machine
learning preparation. By transforming complex genetic data
into standardized, visually interpretable formats, it paves
the way for novel insights and analytical approaches in
genomic research and related fields.

Throughout the process of motif creation, any gaps or
unoccupied pixels were elegantly filled with white color to
seamlessly complete the circular shape, albeit with a subtle
linear flaw discernible on the right periphery. From the
perspective of artificial neural networks, these images can
be interpreted as multi-dimensional arrays with dimensions
of 200x200x3, encapsulating the intricate details of the
DNA motifs. The resultant DNA motif, a product of this
intricate algorithmic process, is visually presented in Figure
2 showcasing the culmination of computational precision
and biological data integration. Before obtaining the images
in this particular context, it was necessary for us to utilize
the FASTA files that were acquired from various datasets,
a crucial step in the process aimed at transforming these
files into motifs. This transformation involved the
meticulous separation of the data contained within these
files into distinct DNA sequences, a task that was
accomplished through the implementation of a specialized
application that we meticulously crafted using the Delphi
programming language.
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Figure 2. The motif of the sample isolated Human Monkey
Pox DNA and generated and filtered nucleobase the motif.
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Based on the results of this preliminary examination,
clusters were created using the K-means clustering
algorithm in combination with the Principal Component
Analysis method. The aim here is to determine whether it is
possible to separate the motif images in a phylogenetic
analysis. The application showed that a total of 49 clusters
belonging to 3165 DNA motifs were formed. Cluster 5 and
cluster 21 were selected and analyzed as examples from the
clusters obtained here. The first results obtained can be seen
in Figure 3.
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Figure 3. K-means sample cluster comparing with phylogenetic distributions.

The genomes shown in Figure 3 with accession numbers
OP890527, OP752114, ON754986 belong to cluster 5 and
the others to cluster 21. This random selection suggests that
the DNA-motif application can be used to classify genomes
to a certain extent.

Also when observing the motif files acquired through our
research endeavors, it became evident that certain segments
within them exhibit a repetitive nature. Upon closer
examination, we assessed that these reiterated sections
potentially signify specific patterns within the DNA
configuration of the virus, whereby some segments remain
unaltered while others undergo mutations. The accurate
functioning of the classification model hinges on the ability
to recognize and delineate these patterns, particularly
crucial for pinpointing mutations that vary across different
geographical regions. Furthermore, we deliberated that the
identification of these patterns could prove advantageous in
constructing the hierarchical structure of phylogenetic trees
using newly obtained DNA sequences, as well as in drawing
comparisons with previously analyzed genetic sequences.

A prominent technique employed in the realm of visual
information processing, including tasks like image
segmentation and pattern recognition, pertains to the
utilization of the edge detection methodology. Over time,
numerous algorithms have been devised for edge detection

purposes. Nevertheless, it is noteworthy that the inception
of low-level applications marked the initial stages of image
processing methodologies, which have progressively
evolved to more sophisticated levels in contemporary times.
In our quest to identify repetitive motifs within the motif
files at hand, we opted for the utilization of the low-level
edge detection algorithm. Applying the image filter
converted RGB pictures to grayscale from motifs obtained.
Picture dimensions are stored as 200x200x3.

Kolmogorov-Arnold Networks

Kolmogorov-Arnold Networks (KANs) emerge as highly
promising alternatives to Multi-Layer Perceptrons (MLPS)
within the realm of neural networks. It is important to note
that KANs boast robust mathematical underpinnings akin to
those of MLPs: the latter are established upon the
foundational universal approximation theorem, whereas the
former find their basis in the esteemed Kolmogorov-Arnold
representation theorem [24]. In a fascinating duality, KANs
and MLPs exhibit contrasting characteristics: KANs
implement activation functions on edges, whereas MLPs
employ activation functions on nodes. This seemingly
subtle alteration actually renders KANs superior to MLPs
in terms of both model accuracy and interpretability [25].
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KAN:Ss, highlights the foundational role of MLPs in deep
learning, acknowledged for their expressive power in
approximating nonlinear functions, as guaranteed by the
universal approximation theorem. However, MLPs for their
significant drawbacks, including their consumption of a
vast majority of non-embedding parameters in models like
transformers and their relative lack of interpretability
without the aid of post-analysis tools. In contrast, KANs are
proposed with learnable activation functions on edges,
replacing every weight parameter with a univariate function
parametrized as a spline, which leads to improvements in
accuracy and interpretability over MLPs. KANSs, with their
architecture, mathematical foundation, and potential for
scientific discovery, promising a significant leap in
accuracy and interpretability for data fitting and PDE
solving while potentially overcoming the curse of
dimensionality.

KANs leveraging the Kolmogorov-Arnold representation
theorem to propose a neural network architecture with
learnable activation functions on edges, replacing
traditional weight parameters with univariate functions
parametrized as splines. The methodology begins with the
design of a neural network that explicitly parametrizes the
Kolmogorov-Arnold representation, using B-spline curves
with learnable coefficients for each 1D function, forming
the basis of KANSs. This approach allows for the creation of
a prototype KAN, visualized as a two-layer neural network
with activation functions placed on edges and simple
summation performed on nodes. To enhance the model's
capability, the paper discusses generalizing KANs to be
wider and deeper, addressing the challenge of extending the
Kolmogorov-Arnold representation to deeper networks by
drawing an analogy between MLPs and KANSs and defining
a "KAN layer" as a matrix of 1D functions with trainable
parameters. Furthermore, KANs with existing methods,
highlighting the continuous learning and robustness of
KANSs over traditional symbolic regression techniques. It
also delves into the scaling laws and intrinsic
dimensionality, providing a theoretical framework for
understanding the efficiency and effectiveness of KANs in
terms of model parameters and test loss. The main
differences between KAN networks and standard MLP
networks are shown in Table 1.

Table 1. Kolmogorov-Arnold Networks (KANS) vs.
Multi-Layer Perceptrons (MLPs).

Kolmogorov-Arnold Multi-Layer Perceptron

Network (KAN) (MLP)
f) NE)
2n+1 n

fx) = Z a;og(w.x + by
= Z @, Z D4 (xp) i=1
q=1 p=1
Sum operation on nodes
and learnable activation

Learnable weights on edges
and fixed activation

functions functions on nodes.
on edges.
KAN(x) = (P30 D, 0 MLP(x) = (W3 o g, oW, ©
29163) g, ° wy)(x)

In Table 1, univariate functions ®pq , @q defined as Opq : [0,
1] —» R and @4 : R — R. Given an input Vector Xo, in a
network of L KAN layers, KAN(x) is the output of the
network.

Experiments and Results

Before the classification with KAN networks, existing
methods were tested in order to correctly classify the motif
structure designed for this study. One of the problems that
can be encountered in DNA classification studies is that the
random evolution process in gene changes is not
predictable. However, after the motifs are obtained, the first
naive examination shows that some patterns follow each
other. This view is that they can be analyzed by basic
classification methods. For this purpose, the previously
proven transfer learning method was applied. Transfer
learning plays a pivotal role in the field of artificial
intelligence (Al) by enabling the application of knowledge
gained from one task to improve performance on a related
but different task. This technique is particularly beneficial
in scenarios where labeled data for the target task is scarce,
allowing models to leverage larger datasets from related
tasks to overcome overfitting and enhance performance on
the target task. distinguishes itself from traditional machine
learning techniques through its unique approach of
leveraging pre-existing knowledge from one task to
improve performance on a related, yet distinct, task [29-31].
Unlike conventional machine learning methods that start
the learning process from scratch for each new task, transfer
learning capitalizes on the insight gained from previously
solved problems to enhance learning efficiency and
accuracy for new problems. This is particularly
advantageous in scenarios where labeled data for the new
task is scarce or expensive to obtain, as it allows the model
to bypass the intensive data requirement typically necessary
for training machine learning models from the ground up.
Moreover, transfer learning is versatile in its application,
encompassing a range of computational intelligence-based
techniques, including neural networks, evolutionary
algorithms, swarm intelligence, and fuzzy logic, to improve
performance further than what vanilla transfer learning can
achieve on its own [29].

Transfer learning operates by leveraging the knowledge
acquired from one or more source tasks to improve the
learning efficiency and performance on a related target task.
This process is particularly beneficial in scenarios where
labeled data for the target task are scarce or expensive to
obtain. At its core, transfer learning involves two main
stages: pre-training and fine-tuning [30]. During the pre-
training stage, a model is trained on a source task that has
abundant labeled data. This model learns a set of features or
representations that are potentially useful for the target task.
For instance, in the domain of circuit performance
prediction, neural networks optimally trained on data from
one technology node can learn features that are transferable
to another technology node, significantly reducing the
amount of data required for accurate predictions in the
target node [31].
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In this study, the weight values extracted from the pre-
existing networks were transferred initially to an
AveragePooling layer. Subsequently, a 50% dropout was
implemented to transfer the values from this layer to the
neural network connections, thus mitigating overfitting
during the learning process. The dropout mechanism
facilitates the removal of certain network cells from the
model, consequently averting overfitting of the neural
network. During the final phase, the DNA sequences were
directed to the 4-dimensional fully connected layer
designated for classifying the four classes. The non-linear
function selected for this layer was SoftMax. SoftMax
function operates by taking a vector of K real numbers as
input and normalizing it to a distribution of K probabilities
proportionate to the exponents of the input numbers.

Additionally, within the model, the loss function employed
was categorical cross-entropy. This function is commonly
utilized for single label categorization, signifying that only
one class is relevant for each data point. Optimization
method was preferred and used as RMSProp (Root Mean
Square Propagation) for training. Optimization functions
are used to determine the learning rate of the artificial neural
network. The Learning Rate value in the optimization
function was set as 0.001. Also training lasted for 15
epochs.

The classification results of the pre-trained networks used
in the study are shown in Table 2. The network structure
chosen for the best classification reflects an optimal model.

Table 2. Test dataset results obtained in various artificial neural networks.

# Model Precision Recall fl-score Test Accuracy
0 MobileNet 0.6855 0.6571 0.62056 0.6571
1 MobileNetV2 0.6468 0.6444 0.6247 0.6444
2 InceptionV3 0.6383 0.6222 0.5768 0.6222
3 ResNet50 0.7054 0.5809 0.4506 0.5809
4 ResNet101 0.3157 0.5619 0.4043 0.5619
5 DenseNet121 0.5265 0.5619 0.4043 0.5619
6 VGG16 0.3157 0.5619 0.4043 0.5619
7 InceptionResNetV2 0.3157 0.5619 0.4043 0.5619
8 VGG19 0.3157 0.5619 0.4043 0.5619
9 DenseNet169 0.6302 0.6190 0.5764 0.6190

Table 2 shows that the MobileNet network gives the best
results. Here, the pruned weights of this network are thought
to cause a more effective classification. The comparative
analysis of various artificial neural networks reveals
MobileNet as the optimal model, demonstrating superior
performance across multiple evaluation metrics. MobileNet
achieved the highest recall and test accuracy (both 0.6571),
indicating its proficiency in correctly identifying positive
instances and overall classification accuracy. Its precision
(0.6855) was second only to ResNet50, showcasing its
ability to minimize false positives. The F1-score (0.62056),
a harmonic mean of precision and recall, further
corroborates MobileNet's balanced performance. These
metrics are derived from standard formulae:

Precision = TP / (TP + FP),
Recall =TP /(TP + FN),
F1 =2 * (Precision * Recall) / (Precision + Recall),

Accuracy = (TP + TN) /(TP + TN + FP + FN),

where TP, FP, TN, and FN represent True Positives, False
Positives, True Negatives, and False Negatives,
respectively. MobileNet's consistent high performance
across these metrics underscores its efficacy in scenarios
requiring a balance between precision and recall, coupled
with high overall accuracy. After this stage, DNA
sequences that were separated from the dataset and not
included in the training were tested with MobileNet. In this
network, Test Loss is 0.5982, Test accuracy is 65.71% and
Cohen Kappa Score is 0.25737. Other results of the
network are as shown in Table 3.

Table 3. MobileNet results of Test dataset.

Region Precision  Recall f1-Score Support
America 0.75 0.33 0.45 138
Asia 0.64 0.92 0.75 177

Accuracy and loss graphs for training set obtained is shown
in Figure 4.
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Figure 4. Training loss and accuracy plots of MobileNet model.

The confusion matrix of the test results is also shown in
Figure 5. The confusion matrix reveals a notable level of
accuracy in classifying our motif files. Despite the minor
inaccuracies, it is essential to acknowledge the interrelation
among the data elements, such as the mutation-induced
connection observed in virus DNA. The contentious nature
of this assertion deems it as a focal point for further
discussion. Extensive investigation is necessary to support
the claim that the error matrix also highlights these
distinctions, particularly due to the absence of absolute
geographical delineations in virus mutations.
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Figure 5. Confusion matrix was obtained in the test of two
classes (America:1, Asia 0) in MobileNet model.

Considering the success of the network model used in this
study in the transfer learning process, the equivalent
structure was applied to KAN networks. However, as
expected, the results were not obtained as expected since the
KAN network did not have a set of weights whose success
was calculated in advance. Accuracy and loss plots for
training process shown in Figure 6.
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Figure 6. Training loss and accuracy plots of KAN model

In KAN networks, sum functions are used from the weights.
In various experiments, an effective sum function could not
be found. However, since it is still a new technology, the
results obtained are still promising. According to the results
obtained from the test data Accuracy is 0.45182, Precision
is 0.43129, Recall is 0.45182, F1 Score is 0.32187 and
Cohen Kappa Score is -0.02551. In Table 4, observed
values from the results obtained on the test data set are
shown.

Table 4. KAN results of Test dataset.

Region Precision  Recall f1-Score Support
America 0.45 0.93 0.61 292
Asia 0.41 0.04 0.07 341

The confusion matrix of the test results in KAN is also
shown in Figure 7.
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Figure 7. Confusion matrix was obtained in the test of two
classes in KAN (America:1, Asia 0).

Discussion and Conclusion

DNA classification is a critical component in the fields of
bioinformatics and computational biology, contributing

significantly to genome annotation, disease diagnosis, and
evolutionary studies. Through the process of genome
annotation, DNA classification facilitates the identification
of functional elements within genomes, such as genes,
regulatory regions, and non-coding DNAs. This is essential
for comprehending the organization and function of
genomes, thereby providing foundational insights for
further genetic research. In the realm of disease diagnosis
and prognosis, accurate DNA classification aids in the
detection of genetic variations associated with various
diseases. This capability enables early diagnosis and
prognosis, thereby allowing for the development of
personalized treatment strategies that can improve patient
outcomes. Spatial transcriptomics analysis is a powerful
technique for understanding tissue heterogeneity and gene
expression patterns within their spatial contexts. By
preserving the spatial organization of cells within a tissue,
spatial transcriptomics allows researchers to identify
distinct cell types, their spatial arrangement, and their
interactions. This is crucial for deciphering the complexity
of tissue composition and function. Furthermore, spatial
transcriptomics has the potential to uncover novel cell types
and states along with their spatial relationships, thus
providing a more detailed understanding of tissue
architecture and dynamics. In the study of disease
pathology, spatial transcriptomics is instrumental in
examining gene expression changes within the context of
disease progression. Despite the significant advancements,
there are several challenges associated with employing deep
learning techniques in DNA classification and spatial
transcriptomics analysis. One major challenge is the limited
availability of labeled data, which is essential for training
deep learning models. The acquisition of labeled DNA
sequences or spatial transcriptomics data is often expensive,
time-consuming, and necessitates expert annotation.
Another challenge is class imbalance within genomic and
transcriptomic datasets, where some classes, such as rare
genetic variants or cell types, are underrepresented. This
imbalance can lead to biased models that do not perform
well on minority classes. Additionally, the length and
complexity of DNA sequences pose difficulties for deep
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learning models, which must capture long-range
dependencies and intricate patterns to be effective. As the
field advances, deep learning is anticipated to play an
increasingly vital role in unraveling the complexities of
genomes and spatial gene expression patterns, ultimately
contributing to significant progress in basic research,
disease understanding, and personalized medicine.

According to the KAN results obtained in the study, for the
America region, the model achieves a Precision of 0.45,
indicating that 45% of the instances predicted as America
are actually from America. The Recall is 0.93, which means
that the model correctly identifies 93% of all instances that
truly belong to America. The F1-Score of 0.61 suggests a
moderate balance between Precision and Recall. The
Support value of 292 represents the total number of
instances from America in the dataset. On the other hand,
the model's performance for the Asia region is significantly
lower. The Precision is 0.41, meaning that 41% of the
instances predicted as Asia are correctly classified.
However, the Recall is only 0.04, indicating that the model
identifies just 4% of all instances that actually belong to
Asia. This extremely low Recall suggests that the model is
struggling to recognize instances from Asia, leading to a
high number of false negatives. The F1-Score of 0.07
further confirms the poor performance for this region. The
Support value of 341 shows that there are more instances
from Asia than America in the dataset.

The observed performance gap between the two regions
implies a potential bias towards the America region within
the model, as indicated by the notably higher Recall metric.
Several factors could contribute to this bias:

First, an imbalanced dataset might be a contributing factor,
wherein the training data comprises a disproportionately
larger number of instances from the America region
compared to Asia. This imbalance can lead the model to
favor the majority class, potentially skewing its
performance towards better recognition of instances from
the overrepresented region. Second, discrepancies in feature
representation could exacerbate the bias. It is plausible that
the features utilized for classification exhibit greater
discriminative power for instances originating from the
America region, thus facilitating easier identification by the
model. This could stem from inherent differences in the
characteristics or distributions of features between the two
regions. Lastly, the selected model architecture might
inherently predispose towards capturing patterns specific to
the America region more effectively. Certain architectural
choices, such as network depth, layer configurations, or
activation functions, could inadvertently favor learning
representations that align better with the characteristics
prevalent in the America region, consequently amplifying
the observed bias in model performance.

Addressing these potential sources of bias necessitates
careful consideration during the model development and
evaluation process. Strategies for mitigating bias include
ensuring balanced representation of instances from different
regions in the training data, augmenting features to enhance
their discriminative power across diverse regions and

exploring alternative model architectures that are more
agnostic to regional disparities. By adopting such
approaches, the model's robustness and generalizability
across varied geographical contexts can be enhanced,
thereby fostering more equitable performance outcomes.

Despite the impressive results achieved so far, there is still
significant room for improvement and further development
of KANSs. One area of active research is the exploration of
new network architectures that can better capture the
intricate relationships within data. This includes the
investigation of deeper and more complex network
structures, as well as the incorporation of attention
mechanisms and memory components. By designing more
sophisticated architectures, researchers aim to unlock the
full potential of KANs and push the boundaries of their
performance. Another promising avenue for future
development is the integration of KANSs with other machine
learning techniques. For instance, combining KANSs with
deep learning approaches, such as convolutional neural
networks (CNNSs) or recurrent neural networks (RNNS),
could lead to powerful hybrid models that leverage the
strengths of both paradigms. Additionally, the incorporation
of transfer learning and multi-task learning strategies could
enable KANs to efficiently learn from related tasks and
domains, further enhancing their adaptability and
generalization capabilities. Furthermore, the interpretability
and explainability of KANSs are crucial aspects that require
further investigation. While these networks have shown
remarkable performance, understanding the internal
representations and decision-making processes of KANs
remains a challenge. Developing techniques to visualize
and interpret the learned features and decision boundaries
of KANSs will not only improve their trustworthiness but
also facilitate their application in domains where
transparency is essential, such as healthcare and finance.

In conclusion, Kolmogorov-Arnold Networks have
emerged as a promising state-of-the-art technology in the
field of machine learning. The current results obtained
using KANs are highly encouraging, showcasing their
ability to learn and represent complex functions efficiently.
However, there is still significant potential for further
development and improvement. By exploring new network
architectures, integrating KANs with other machine
learning techniques, and addressing interpretability and
explainability challenges, researchers can unlock the full
potential of these networks. As the field of machine learning
continues to evolve, it is expected that KANs will play an
increasingly important role in shaping the future of artificial
intelligence and its applications across various domains.
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APPENDIX-A: Flowchart of motif generation and classification process
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In the study, exergy loads depending on the distribution and heating properties of centrally heated
buildings with different shading properties in Adana, Ordu, Nevsehir and Bitlis cities selected from
different climate regions of our country were determined. First, the shading properties of detached
buildings, buildings with trees and adjacent buildings were determined. Then, the heating energy
requirement was calculated depending on the shading and climate characteristics. Fuel consumption for
natural gas, coal and fuel-oil depended on the heating requirement. The necessary parameters for the heat
distribution (installation pipes and column system) and heater (radiator) of the installation heating with
90-70 and 70-50 °C temperatures were calculated. Exergy loads depending on these parameters were
determined. Fuel consumptions for different fuels were determined depending on the exergy loads. In
addition, the chemical exergy of the fuels for natural gas, coal and fuel oil were found. As a result, the
lowest natural gas consumption for the installation distribution system at 70-50 °C and the detached
building type was calculated as 293.7 kg, and the highest consumption for coal was calculated as 5321.3
kg for the installation distribution system at 90-70 °C and the adjacent building.
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Giris

Is1 enerjisi, sicakhigi1 yiiksek olan yerden diisik olan yere
dogru akis yapar, bu binalarin dis duvarmnin 6zelliklerine
bagli olarak, entropi ve ekserji degerlerini belirlemek icin
kullanilmaktadir. Is1t gegisinin meydana geldigi yonde
sicaklik degeri sabit kalmaz ve azalir. Buna gore entropi
artacagindan, duvardaki gerceklesen ekserji  gegisi
azalacaktir.  Ekserjetik  olarak, duvarlarda sicaklik
degisimlerine bagli entropi meydana gelir ve bunun sonucu
olarak ekserji yikimma sebep olur [1-3]. Binalarda enerji
ilgili incelemeler, ilk olarak termodinamigin birinci kanuna
gore yapilmaktadir. Bu durum, binalarin enerji kullaniminda
eksiklik yaratmaktadir. Buna gore ekserji analizi hem
termodinamigin birinci hem de ikinci kanununa gore
yapilmalidir. Binalarda enerjinin akist  belirlenmesi
ekipmanlarin  tasarlanmast ve kullaniminda oldukca
onemlidir [4].

Calisma ile ilgili literatiir inceldiginde; Kiligch A. yaptigi
caliymada, Ege Universitesindeki uluslararas1 Bilgisayar
Enstitiisli binasi i¢in enerji incelemelerini yapmistir. Binanin
suandaki ve iyilestirilmis halde hem enerji hem de ekserji
analizleri yapilmigtir. Binanin enerji tasarruf potansiyeli
tespit edilmistir [1]. Yildiz ve Gilingor yaptiklart ¢alismada
binalarda mekan 1sitma siireci i¢in enerji ve ekserji analizleri
yapilmistir. Analizlerde 1sitma yiikii dikkate alinmigtir.
Analizler, Izmir'de 720 m? hacimli ve taban alani1 240 m2 olan
bir ofis i¢in yapilmistir. Tiim sistemdeki enerji ve ekserji
kayiplar1 6l¢tilmiistiir [2]. Yildirim, yaptigi ¢alismada enerji
analizi i¢in yakitin yanma enerjisine bagli olarak, ekserji
analizi igin ise optimum yalitimli ve yalitimsiz duvar igin,
yiizey sicakliklari kullanilarak yapmustir [3]. Hepbash v.d.
calismalarinda, binalarm ekserji analizinde kullanilan farkli
yontemler incelenmisti. HVAC miihendislerinin ekserjiye

dayali bina analizleri konusunda bilgi kazanilmasi
saglanmugtir. Boylece enerjetik ve ekserjetik
degerlendirmeleri  géz  Online  almalar1  gerektigi

vurgulanmistir  [4]. Karakash c¢alismasinda, Eldzig bir
Hastane’nin yilda yaklagik 6795.6 kWh 1sitma enerjisine
ihtiya¢ duyan goz polikliniginin ve hastane binasmin farklt
boliimlerinde enerji ve ekserji analizi yapilmistir. Sistem
termodinamigin birinci ve ikinci yasasina gore odalarin enerji
ve ekserji analizi arasgtinlmistir [5]. Balta v.d. yaptiklar
calismada, enerji santralinden, toprak kaynakli 1s1 pompasina
ve bina kabuguna kadar 1sitma sisteminin ekserjetik analizi ve
degerlendirilme yapilmistir. Binalardaki enerji akisinin
iyilestirilmesi ve binalarda enerji kullanilmasinin iyilesme
olanaklar arastirilmistir [6]. Ozel v.d. ¢alismalarinda, boru
sisteminin optimum yalittim kalinhigi, Tirkiye'nin Bilecik
sehri icin gevresel etki analizi kullanilarak arastirmislardir.
Boru sistemi i¢in optimum yalitim kalinlig1 enerji, ekserji ve
entransy yaklasgimi ile belirlenmigtir. Boru sisteminden
enerji/ekserji/entransy kaybu, yakit tilketimi ve CO, emisyonu
hesaplanmustir [7]. Shukuya ¢aligmasinda, son 30 yilda
yapilan ekserji aragtirmalarinin mevcut durumu hakkinda
genel bilgi vermistir. Buna gore, termodinamigin iki temel
kanunu, sicak ve soguk ekserji kavramlarinin kisa bir
tamtimmni yapmustir. Ug tipik uygulama gdsterilmektedir;
bunlar golgeleme cihazlart ile pencere sistemlerinin
degerlendirmesi, yaz mevsimleri i¢in insan viicudu ekserji
analizi ve bir 1s1 pompast sisteminin ekserjetik
degerlendirmesidir [8]. Omar caligmasinda, binalarin 1st
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enerji ihtiyacin1 kargilamak igin yaygm kullanilan merkezi
1sitma sistemi ve bireysel 1sitma sistemleri incelenmistir.
Bunu i¢in Kars ilindeki 10 daireli 5 katli bir binanin 1s1 kayb1
ve enerji ihtiyact TS 825 gore hesaplanmistir. Her iki 1sitma
sistem i¢in 1s1tict cihazlarm kapasiteleri tespit edilmis, 1sitma
sistemi elemanlar1 belirlenmis, yillik yakit tiiketiminin
miktart ve maliyet hesaplar1 yapilmistir [9]. Yang v.d.
yaptiklar1 calismada, biiyiik binalardaki hem mekén 1sitma
hem de evsel sicak su sistemlerinde bolgesel 1sitma sisteminin
doniis su borularinda izlenemeyen arizalarin 6zelliklerini ve
potansiyel etkilerini aragtirmiglardir. Tesisattaki arizalar ile
binalarda esit olmayan 1s1 dagilimi ve etkileri incelenmistir
[10]. Benakopoulos v.d. ¢aligmalarinda, 1sitma tesisatinin
radyatér sistemlerinin  diisiik  sicaklikta  caligmasini
saglanmasinda, kullanimda olmayan radyatorleri belirlemek
ve daha yiiksek 1s1 taleplerine sahip kritik daireleri tespit
etmek icin yeni uygulama gelistirmislerdir. —Calismada,
yetersiz 1sman komsu dairelere olan 1s1 kaybinin artmasinin,
tesisati yogun sekilde etkiledigini ortaya ¢ikarmistir [11].
Benakopoulos v.d. diger bir ¢calismalarinda, her dairedeki tiim
radyatorlerinin kullanimini saglamak i¢in radyatdr sisteminin
besleme su sicaklifini en aza indirme potansiyelini
aragtirmiglardir. Calismada, maksimum pompa ¢alismasina
gore gereken minimum besleme su sicakligini hesaplamak
icin O6rnek binanin radyatdr sisteminin termal/hidrolik bir
modeli olusturulmustur. Sonug olarak, 44/30 °C'lik ortalama
besleme gidis ve doniis sicakliklariyla tiim radyatorlerin
kullanildiginda en verimli 1sitma elde edildigi tespit edilmistir
[12]. Lammle v.d. yaptiklari caligmada, 1s1 pompasi
sistemlerinin performansi ile mekan isitma su tesisatinin
sicakligi arasinda iligki arastirilmistir. Sonug olarak, hava ve
yer kaynakli 1s1 pompalarinin uygulama verileri ve sistem
simiilasyonlari, ortalama 1s1 pompast sicakligr arasinda
dogrusal bir korelasyon oldugu goriilmiistiir. Incelenen
binada, tiim radyatorlerin yalnizca %7'sinin degistirilmesi ile
1sitma sistemi su sicakliklarmi 75/60 °C dan 55/45 °C'ye
diistirmek i¢in yeterli oldugu tespit edilmistir [13]. Li ve
Svendsen galigmalarinda Danimarka'da yiiriitiilen bir pilot
proje ile 30 mistakil konut i¢in 1sitma saglamak {izere 55/25
°C sicaklikli bdlge 1sitma tesisati analiz edilmistir. Isitma
ihtiyact banyoda yerden isitma ve diger odalarda diisiik
sicaklikli  radyatdrler  araciligiyla  karsilanmaktadir.
Sebekenin termal ve hidrolik kosullar1 sabit durumda
analizler yapilmistir. Genel sistem enerjisi ve ekserji
verimlilikleri hesaplanmis ve 1sitma sistemi bilesenleri i¢in
ekserji kayiplar1 belirlenmistir [14]. Liu Z. yaptiklan
calismada, segilen bina igin tesisat besleme suyu sicakligimin
ve akis hizinin ortalama tepki hizi, giines radyasyonu ve dis
sicakligr ile degisimi incelenmigtir [15]. Wang v.d.
calismalarinda, farkli hidrolik baglantil tesisat dikkate alarak
kiiciik bir ekipman monte edilerek mevcut radyatdriin 1sitma
giiclinii iyilestirmek igin optimum ve tekno-ekonomik bir
yontem gelistirilmistir. Buna bagli olarak Cin'deki bir yurt
odast i¢in bir hesaplamali akigkanlar dinamigi (CFD) modeli
Onerilmistir. Model, radyatoriin en diisiik besleme su
sicakligint belirlemek igin kullanilmistir [16]. Ge v.d.
calismalarinda, 1sitma sisteminin giris su sicakligiyla
tanimlanan termal dirence dayali olarak dinamik model
gelistirmigleridir. Bu model, es zamanli ve kapsamli bir
sekilde, borulamanm ve binanin 1s1 transferi, 1s1 depolama ve
gecikme &zelliklerini yansitmaktadir. Onerilen model ile tiim
glin 1sitma sistemine kiyasla % 25.27'lik biiyiik bir enerji
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tasarrufu potansiyeline sahip oldugu goriilmiistiir [17]. Liu
v.d. yaptiklar1 ¢alismada, sirkiilasyon suyu pompalariin
degisken frekans kontroliiniin kullanimi ve 1sitma yiikiindeki
degisikliklere bagh caligma sartlart saglamak igin gerekli
incelemeler yapilmistir. Calismada, sik meydana gelen su
sicaklig1 dalgalanmalar1 nedeni ile olusan dongiisel gerilim,
yorulma smirma ulastiginda tesisat boru hattinin diisiik
dongiilii yorulma arizasina yol actigi goriilmiistiir. Sonugta,
tesisat boru hattinin su ¢aligma sicakligi ne kadar diisiikse,
sicaklik  farki dalgalanmasi o kadar kiigiik oldugu
goriilmiistiir. Sirkiilasyon suyu pompasmin degisken akis
hizin1 diizenlerken boru hatti yorulma hasarmin katkisinin
biiyiilk oldugu tespit edilmistir [18]. Rosa ve Bianco
calismalarinda, sicak su tasiyan tesisat boru sistemleri i¢in
yalittim katmanlarinin optimum kalmligimi belirlemek igin
farkli  optimizasyon  yaklasimlarint  aragtirmislardir.
Calismada, boru boyutu, yaliim malzemeleri, yakit, caligma
sicakligy, iklim kosullar1, yakit piyasa fiyati, yalitim katmant
vb. parametreler dikkate alinarak hesaplamalar yapilmistir
[19].

Calismanin amaci, Tiirkiye’nin dort iklim bolgesini
temsilen secilen; Adana, Ordu, Nevsehir ve Bitlis
sehirlerindeki; ayrik bina, agacli bina ve bitisik bina olarak
golgelenme 6zelligine sahip binalarin merkezi 1sitmali, 1sitma
tesisat1 dagitic1 ve 1siticili &zelliklerine bagh enerji titketimi
ile ekserji yiikleri ve bunlara bagli yakit tiiketimlerini
hesaplamaktir. Yakit olarak, dogal gaz, komiir ve fuel-oil
kullanildig1 kabul edilmistir. Isitma sistemi dagitict ve 1sitict
ozelligi 90-70 ve 70-50 °C sistemli olarak alinmistir. Isitma
sistemi dagitic1 ve 1sitic1 6zellikleri ve ekserji yiikiine bagl
olarak yakit tiiketimi hesaplanmistir. Bunun i¢in yakitlarin
kimyasal ekserjileri tespit edilmigtir. Caligma, 1sitma
sisteminin tesisat Ozelligine bagli enerji ve ekserji
incelemesiyle yakit tiiketiminin arastirmasiyla literatiire katki
saglayacaktir. Caligmada incelenen dagitict ve isiticilarin
Sekil 1°de gorselleri verilmistir. Binalarin 1s1 yayma sistemi
tesisat boru ve radyatorleri igeren tiim ekipmanlar sekilde
gosterilmistir.
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Sekil 1. Is1 yayma sistemi tesisat boru, radyator
ve kolektor gorseller [9, 10, 15, 16]

Materyal ve Metod

Yilhik Isitma Enerji ihtiyac1 Hesabi

Bina yillik 1sitma enerjisi ihtiyact hesaplanirken 1sitma
yapilan aylar toplanir [20,21].

Qh=2 Qay (1)
Isitma yapilan aylar i¢in 1sitma enerjisi ihtiyact,
Qayz[H-(Ti'Td)'nay-((bi-ay"bs-ay)] (2)

hesaplanir. Burada, T; ve Tq4 sirast ile i¢ ve dig ortam
sicakliklari, may aylik ortalama kazang¢ kullanim faktoriinii,
O1-ay i¢ kazang, ¢s-ay aylik ortalama giines enerjisi kazanglarini
gostermektedir. Toplam 6zgiil 1s1 kaybi,

H=HT+HV (3)

bulunur. Burada Hr, iletim ve taginim yoluyla ger¢eklesen 1s1
kayb1 ve Hy, havalandirma yoluyla gerceklesen 1s1 kaybinin
gostermektedir. Hem iletim hem de taginim yoluyla 1s1 kaybu,

Hy=2 AU (4)

£ AU= UgAg+Up A, +Ul A +0.8U A +0.5U g Ads (5)

tespit edilir. Burada, Ug, Up, Ug, Uy, Ugs sirast ile dig duvarin,
pencerenin, dig kapinin, tavanin, zemine outran tabanin 1sil
gecirgenlik katsayisini gostermektedir. Ag Ap Ak At Ads sirasi
ile dig duvarin, pencerenin, dis kapinin, tavanin ve désemenin
alanlarini ifade etmektedir. Havalandirma ile meydana gelen

1s1 kaybu,

Hy=0.33.n,.V}, (6)

hesaplanir. Burada, nn hava degisim oranmidir ve degeri
calisamada 0.7 h! alinmustir. Isitilan tiim hacmi Vi Ve Vi
havalandirilan hacmi (Vi = 0.7* Vi) gostermektedir. A
bina kullanim alani;

An=0.32.Vy, 4 (7)
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bulunur. TS 825 e gore konutlarda i¢ kazanglar olarak birim
kullanim alan1 bagma 5 W/m? alimaktadir. I¢ kazanglar A,
bagli olarak agagidaki denklem ile tespit edilir [20, 21].

By 54, (8)
Aylik ortalama giines enerjisi kazanci,
cps-ayzz: I'i-ay-gi_ay-[i-ay-Ai 9)

[7331)

Burada, “i” yonii gostermektedir. riay, saydam yiizeylerin
aylik ortalama golgelenme faktoriinii, gi..y, giines enerjisi
gecirme faktoriini, [iay, aylik ortalama giines 1smimi1 ve A;,
pencere alanint gdstermektedir. Hem i¢ kazanglar hem de
giines enerjisi kazanglar1 yararlanma faktorii ile kullanilir.
Bu faktor kazanclara ve kayiplara baghdir. Kazang / kayip
orani,

KKanz((Di-ay+(Ds-ay) / H. (Ti'Td-ay) (10)
hesaplanir. Aylik ortalama kazang kullanim faktorii
asagidaki formiil ile bulunur [9,10].

1

n =1-e(_w°fw)

w (11)

Bina Is1 Enerjisi Yayma (Oda Isitma) Sistemi icin Ekserji
Hesab

Is1 enerjisi yayilma sistemi, 1sinin alana yayildigt bir alan
siticisidir. Tipik 1sitma yayilma sistemleri radyatorler,
yerden 1sitma sistemleri ve fan coil initeleridir. Is1 enerjisi
yayilma sistemi, dagitim sisteminin bir alt sistemidir. Bu
nedenle yayilma alt sistemi olarak adlandirilir. Oda 1sitma
sisteminin enerji ve ekserji taleplerini karsilayacak sekilde
tasarlanmigtir ve radyatoriin 1s1 enerjisi dagitim sistemine ek
enerji talebi meydana gelmektedir [2,4,6]. Farkli yakitlar ve
farkli sicaklik degerinde 1siticiyla (radyatér) 1sitma yapilan
bina igin verim degeri 1 (¢aligmada 0.95 alimmustir [2,4]). Is1
enerjisi yayma (alan 1sitma sistemi) isitict (radyator) 1s1
kaybu,

Q=Q, (1) (12)
hesaplanir. Burada, Qp bina 1sitma enerjisi ihtiyacidir. Isitict
(radyator) yiizey sicakligl (Tisiuer), yayllma sisteminin giris
ve doniis sicakliklari ile i¢ ortamin logaritmik ortalama
sicaklig1 kullanilarak bulunmaktadir. Giris su sicakligi Tic ve
doniis su sicakligt Tasnis €kserji analizi i¢in ¢ok 6nemlidir.

Toiric-Taonis 1

_ giris™ ! doniis

Tisina= ToirisTic | * 2 +Tig (13)
ln< giris u;)

Tdsniis-Tic
Isitict (radyator) ekserji yiikii.

T evre
Eks—lsma:Qh- [1' g_] (14)

Tisina
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tespit edilir. Isitict (radyatdr) igin 1s1 enerjisi yayilma
sisteminin ekserji yiiki,

(Q*Q))

AEks-yayllma= (T (15)

Tgiri
{(Tgiris'Tdénus)' TO-In (ngﬁ s )}

giris'Tdénhs) niis

Eks-Tl’jm yayillma™= Eks-lsma +AEks-yayllma (1 6)

bulunur. Dagitim sisteminin 1s1 kayb1 (1p, ¢alismada dagitim
sistemi verimi 0.96 alimmustir [2,4]),

QDkaylp=(Qh+Qr)' (% '1) (17)
hesaplanir. Dagitim sisteminin ekserji yiikii;
AEjq gag= QADTka‘p.{Tdag-TO.In (T Tﬁ; )} (18)
ag dag"8Tdag
Ejs Tiim dag=Eks1sina+AExdag (19)

tespit edilir. Burada Tgag 1s1tma sistemi dagitici sicakligidir.

Bina Isitma Enerjisi Yayma (Oda Isitma) Sistemi icin
Ekserji Yiikiine Bagh Yakit Tiiketimi

Komiir igin kimyasal ekserjisi [22-25],

H 0 N
Yy,=1.0438+0.0158=+0.08132+0.0471 % (20)

Fuel-oil igin kimyasal ekserjisi,

H 0 s H
yY551.0374+0.0159 c +0.0567 < +0.05985 z (1-0.17375) (21)
Dogal gaz i¢in kimyasal ekserjisi,

H 1
Yy,=10334+0.01837-0.0694 (22)

hesaplanir. Ekserji kaybia bagl yillik yakit tiiketimi [7],

_ E:ks—Thm yayllma+Eks—Tﬁm Dag

YEkSkaylp_ NyyHy (23)
bulunur. Burada, H, yakitin alt 1s1l degerini, 1 1sitma sistemi
verimini, yy yakitin kimyasal ekserji  degerini
gostermektedir.

Bina Enerji Thtiyaci Hesaplamalarinda Kullanilan
Parametreler

Hesaplamalarda kullanilan 6rnek binanin, Tablo 1 de tiim
yap1 kabugu bilesenlerinin kalinliklart ve 1s1 iletim
katsayilar1 verilmistir. Tablo 2’de yap1 kabugu i¢in yalitim
kalinliklar1 gosterilmistir. Enerji ihtiyaci, yakat tiikketimi ve
ekserji yiikii hesaplarinda kullanilan tiim degerler Tablo 3 de
verilmistir.
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Tablo 1. Ornek binanin yap1 kabugu bilesenleri ve dzellikleri [21]

Yapi Eleman Kalinhk Is1 letim
Bileseni Katsayisi
(m) (W/m.K)
Cimento harct dis siva 0.030 1.600
Dis Duvar Poliiiretan sert kopiik X 0.031
Diisey delikli tugla 0.190 0.330
Ale1 harci i¢ siva 0.020 0.700
Cimento harc1 dig siva 0.030 1.600
Kolon Poliiiretan sert kopiik X 0.031
Donatili Beton 0.250 2.500
Algt harci i¢ siva 0.020 0.700
Cam Yiinii X 0.040
Genlestirilmis perlit 0.050 0.350
Tavan Hafif agregalar kullanilarak yapilmis 0.250 0.460
beton
Algt harc, kiregli algt harci 0.020 0.700
Sentetik malzemeden kaplamalar 0.010 0.230
Cimento harci siva 0.030 1.600
Poliiiretan sert kopiik X 0.040
Taban Genlestirilmis perlit 0.070 0.350
Hafif agregalar kullanilarak yapilmisg 0.250 0.460
beton
Alg1 harci i¢ siva 0.020 0.700
Pencere Cift camli 1.9 (W/m?. K)
Dis Kapi 4 (W/m?. K)

Tablo 2. Dort iklim bolgesini temsilen segilen sehirlerin yapt kabugunun farkli yalitim malzemelerine baglh
yalitim kalinliklari

Bolge Yap1 Elemam Yahtim Malzemesi Yahtim Kahnhg:
1.Bolge (Adana) 0.060
2.Bolge (Ordu) o 0.080

— - Dis Duvar Poliiiretan sert kopiik
3.Bolge (Nevsehir) 0.095
4.Bolge (Bitlis) 0.110
1.Bolge (Adana) 0.075
2.Bolge (Ord 0.095
— Olge (Or u)' Kolon-Kiris Poliiiretan sert kopiik
3.Bolge (Nevsehir) 0.110
4.Bolge (Bitlis) 0.120
1.Bolge (Adana) 0.110
2.Bolge (Ordu) L 0.150
- 3 Tavan Cam Yini
3.Bolge (Nevsehir) 0.170
4.Bolge (Bitlis) 0.200
1.Bolge (Adana) 0.100
2.Bolge (Ord Spii 0.140
- olge (Or U). Taban/Déseme Poliiiretan sert kopiik
3.Bolge (Nevsehir) 0.160
4.Bolge (Bitlis) 0.190
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Tablo 3. Farkli yakitlarin 6zellikleri [22-24] [26]

Parametre Komiir Dogal Gaz Fuel-Qil
Kimyasal Formiil C7.074 Hs.149 Oo.521 C1.260 Ha51600.024 C7.3125 H10.40700.04
So.01 No.oss No.o12 So.026 No.02
Alt Is1l Deger 29.295 106 J/kg 34.526 106 J/m? 40.594 106 J/kg
Verim 0.65 0.90 0.80
Yogunluk (kg/m°) 1200 0.76 950
Kimyasal Ekserji 1.06 1.04 1.07

(Calismada Hesaplanan)

Bulgular ve Tartisma

Calismada, birinci iklim bdolgesini temsilen segilen Adana
sehri i¢in ocak, subat, mart, kasim ve aralik aylarinda bes
aylik 1sitma doéneminde dis ortam sicakligs 10.3 °C, ikinci
iklim boélgesini temsilen secilen Ordu sehri i¢in ocak, subat,
mart, nisan, ekim, kasim ve aralik aylarinda yedi aylik
1sitma déneminde dis ortam sicakligr 7.7 °C, iigiincii iklim
bolgesini temsilen segilen Nevsehir sehri i¢in ocak, subat,
mart, nisan, mayis, ekim, kasim ve aralik aylarinda sekiz
aylik 1sitma déneminde dis ortam sicaklign 5.9 °C ve
dordiincii iklim bolgesini temsilen segilen Bitlis sehri igin
ocak, subat, mart, nisan, mayis, ekim, kasim ve aralik
aylarinda sekiz aylik 1sitma déneminde dis ortam sicakligi
2.7 °C kabul edilmistir. Bu degerler Sekil 2 de verilmistir.
Birinci bolgeden dordiincii bolgeye ilerledikge dis ortam
sicaklif1 azalmaktadir. Dig ortam sicaklik degerleri ekserji
yiikil hesaplarinda en onemli parametrelerdendir. Ekserji
yiikii hesaplart i¢in ¢aligmada, 6l hal sicakligi Adana sehri
i¢in 10.3 °C, Ordu sehri i¢in 7.7 °C, Nevsehir sehri i¢in 5.9
9C ve Bitlis sehri icin 2.7 °C kabul edilmistir.

Calismada, farkli golgelenme 6zelligine (golgelenme
faktoril) gore ayrik bina, agagli bina ve bitigik bina olarak
iic farkli smifta degerlendirilmistir. Ayrik bina ozelligine
gore farkli iklim bolgesindeki sehirler i¢in 13761-50874
kWh, agacli bina 6zelligine gore 15346-53754 kWh ve
bitisik bina 6zelligine gore 16064-55316 kWh arasinda
degismektedir. Bu degerler Sekil 3 de gosterilmistir.
Ortalama golgelenme faktorii degeri, ayrik bina igin 0.8,
agacla kapl bina 0.6 ve bitisik bina igin 0.5 dir [TS 825].
Bu nedenle golgelenme faktorii 5nemli parametredir. Diger
onemli bir parametreler ise giines radyasyonu degeridir.

Calismada, 1sitma sistemi dogal gaz, komiir ve fuel-oil yakit
olarak kullanildig1 kabul edilmistir. Isitma sisteminde sicak
su sirkiillasyon sicakhigi 90-70 ve 70-50 °C olarak
diigiiniilmtstiir. Ekserji yiikii degeri, tiim golgelenme
ozelliklerine gore dogal gaz igin, 90-70 ve 70-50 °C sicaklik
ozelligine gore; 3467.8-20135.0 kWh, komiir i¢in 4417.3-
25611.3 kWh, fuel-oil i¢in 3825.6-22181.7 kWh arasinda
hesaplanmistir. Bu ve diger tiim ekserji yiikii degerleri
binalarin golgelenme 6zelligine gore Sekil 4 te verilmistir.
90-70 °C sicakliktaki 1sitma sistemi daitict ve 1sitic
ozelligi i¢in daha yiiksek enerji ihtiyact ve ekserji yiiki
meydana gelmektedir. Calismada, Tisue degeri 90-70 °C
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1s1tma sistemi dagitic1 6zelligi icin 49.222 °C ve 70-50 °C
icin 39.080 °C hesaplanmustir.

Calismada, ayrik bina, agacli bina ve bitisik bina 6zelligine
bagli olarak 1sitma dénemi igin dogal gaz tiikketimi 1212.1-
4872.4 kg, fuel-oil tiketimi 1526.0- 6134.3 kg, komir
tilketimi 3036.4- 12205.8 kg arasinda hesaplanmistir. Bu ve
diger tim yakitlarin tiiketim miktarlar1 Tablo 4 te
gosterilmistir. Ayni 6zelliklerine gore ekserji yiikiine bagh
olarak yakit tiiketimi, 90-70 ve 70-50 °C sicaklik i¢in dogal
gaz tiiketimi 293.7-1705.4 kg, kdmiir tiiketimi 917.8-5321.3
kg ve fuel-oil tiketimi 396.5-2298.9 kg arasinda
hesaplanmigtir. Bu ve diger yakit miktarlar1 Tablo 5 de
verilmistir. Ekserji yiikiine bagh yakit tiiketimi, binalarin
golgelenme Ozelligi, yakitlarin kimyasal ekeserjisi (dogal
gaz i¢in 1.04, komiir i¢in 1.6 ve fuel-oil i¢in 1.07), yakitlarin
alt 1s1l degeri ile 1s1l verimleri ve dis ortam sicakliklarina

bagli olarak degismektedir.
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Tablo 4. Farkli iklim bolgeleri bina tiirleri ve 1sitma sistemi i¢in enerji ihtiyacina (enerji yiikiine)

gore farkli yakitlarin tiiketim miktarlari (kg)

Komiir Fuel-oil Dogal gaz
Sehir Ayrik  Aga¢h  Bitisik Ayrik  Agach  Bitisik Ayrnik  Agach  Bitisik
Bina Bina Bina Bina Bina Bina Bina Bina Bina
Adana 30364  3386.2 35446 1526.0 17018 17814 12121 1351.7 14150
Ordu 6123.0 6545.7 6786.5 3077.3 3289.7 3410.7 24442 26130 2709.1
Nevsehir 84334 89899  9284.7 42385 4518.1 4666.3 3366.6 3588.7 3706.4
Bitlis 112256 11861.1 12205.8 56417 5961.1 6134.3 4481.2 47349 48724
Tablo 5. Farkli iklim bolgeleri, bina tiirleri ve 1sitma sistemi igin ekseri yiikiine bagl
farkl yakitlarin tiiketim miktarlari (kg)
Sehir Ayrik Bina
Dogal Gaz Dogal Gaz Komiir Komiir Fuel-oil Fuel-oil
(90-70) (70-50) (90-70) (70-50) (90-70) (70-50)
Adana 393.9 293.7 1203.7 917.8 524.8 396.5
Ordu 808.5 632.2 2513.8 1966.0 1090.0 851.3
Nevsehir 1145.9 906.4 3565.6 2811.1 1544.9 1220.0
Bitlis 1568.4 1249.6 4894.0 3900.4 2114.3 1687.2
Agach Bina
Adana 439.3 3275 1342.4 1023.5 585.3 442.2
Ordu 864.3 675.9 2687.3 2101.8 1165.2 910.1
Nevsehir 1221.5 966.2 3800.8 2996.6 1646.8 1300.5
Bitlis 1657.2 1320.3 5171.1 4121.2 2234.0 1782.8
Bitisik Bina
Adana 459.9 342.9 1405.2 1071.4 612.7 462.8
Ordu 896.1 700.7 2786.2 2179.1 1208.1 943.5
Nevsehir 1261.6 997.9 3925.5 3094.9 1700.8 1343.2
Bitlis 1705.4 1358.7 5321.3 4241.0 2298.9 1834.6
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Sonuc¢

Adanadan Bitlis’e dogru gidildikge, yani birinci iklim
bolgesinden dordiincti iklim bolgesine gidildikce enerji
tilketimi artmaktadir. Bina golgelenme durumu dikkate
alindiginda, ayrik bina en az enerji tikketimi, agagli binali
ortalama enerji tiikketimi ve bitigik binalarda en fazla enerji
tiketimi meydana gelmektedir. Buna bagli olarak tiim
yakitlar i¢in tiiketim miktar1 en diisiik ayrik binada ve en
yiiksek bitisik binada tespit edilmistir. Enerji ihtiyacina
bagli yakit tiiketimi, en yiiksek 12205.8 kg ile bitisik bina
ozelliginde komiirde ve en diisiik ise 1212.1 kg ile ayrik
bina dzelliginde dogal gazda meydana gelmistir. Komiir
tilketimi en fazla iken dogal gaz tiiketimi en az seviyede
oldugu goriilmiistiir. Ekserji yiikiine bagli, 1sitma tesisati
dagitimi ve 1sitic1 6zelligi bagl olarak 90-70 °C sicakliktaki
dagitim sistemi yiiksek ve 70-50 °C sicakliktaki diisiik
enerji ihtiyaci, ekserji yiikii ve yakit tiiketimleri meydana
geldigi hesaplanmigtir. En diisiik 70-50 °C sicakliktaki
tesisat dagitim sistemi ve ayrik bina i¢in 293.7 kg ile dogal
gaz tiiketimi, en yiiksek ise 90-70 °C sicakliktaki tesisat
dagitim sistemi ve bitisik bina i¢in 5321.3 kg ile komiir
tiiketimi hesaplanmustir.

Sonug olarak, enerji ihtiyaci, ekserji yiikiine ve yakit
tiikketimine bagl olarak 70-50 °C sicakliktaki 1s1tma tesisati
dagitim sistemi ve golgelenme 6zelligi olarak ayrik bina
icin en diisiik seviyede hesaplandigindan en uygun bina
ozelligi oldugu tespit edilmistir.
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Giris
Dis duvarlarin yalitimi, enerji tiikketimini ve dolayisiyla
karbon emisyonlarin1 azaltmada biiylik bir potansiyele
sahiptir. Dis duvarlar icin optimum yaliim kalinliginin
belirlenmesi standardi olmadigi i¢in yap1 sektoriinde yalitim
kalinlig1 tespiti TS 825’e gore yapilmaktadir.

Avrupa Birligi (AB) binalarda enerji tiiketiminin azaltilmasi
icin tim yeni binalarin 2030 yilina kadar sifir emisyonlu
olmasi, bina dig kabugunun iyi yaliimli olmasi ve yalnizca
yenilenebilir enerji kaynaklarindan elektrik kullanmasi ve
kullanimmndan  kaynaklanan  karbon  emisyonlarmin
2030’dan itibaren hesaplanmasi gerektigini bildirmigtir [1].
AB Enerji Verimliligi Direktifi, tiye iilkelerin, 2024'ten
2030'a kadar ortalama yillik enerji tasarrufu oranint mevcut
%0.8'den  %1.49'a

soylemektedir [2].

¢ikarmak  zorunda  oldugunu
Binalar kiiresel enerji tiiketiminin %20'sini ve binalarin
ingasi ve isletilmesi i¢in kiiresel elektrigin %50'sini tiikettigi
goriilmektedir [3].

Miihendislik hesaplamalarinda yapilarda enerjinin etkin
kullanilmasi1 elzemdir. Farkli duvar profilleri i¢in yapilan
calismada betonpan ve demir profille 6riilmiis duvarm tugla
duvardan %37.5 daha fazla enerji tasarrufu sagladigi
sonucuna varilmigtir. Demir profilli binalar enerji tasarrufu
acisindan avantajli fakat yogusma agisindan dezavantajlidir
[4]. Yapilarda enerjinin etkin kullanilmasi i¢in en 6nemli
uygulama 1s1 yalitimdir. Binalarin dis kabuguna ve c¢atisina
1s1 yalitim1 uygulanmasi enerjinin verimlili§i agisindan
onemli oldugu gibi emisyonlarin azaltilmasi, 1s11 konfor ve
enerji tiiketimine bagli isletme giderlerinin minimize
edilmesi agisindan ¢ok onemlidir [5]. TS 825 Is1 Yalitim
Standartlari'nin tiim binalara uygulanmasiyla Tirkiye'de
birim alan basina enerji tiiketiminin 100-150 kWh/ m2ye
indirilebilecegi belirtilmistir [6].

Daha o6nceki ¢aligmalarda, binalarda 1s1 yalitminin enerji,
ekonomik ve cevresel performansi ile ilgili incelemeler
yapilmistir.

Italya’da diisiik dereceli giinlere sahip iklim bdlgelerinde,
kaplamanin sogutma ihtiyaglar1 {izerindeki olumsuz etkisi
incelenmistir. Tiim iklim bolgelerinde, sogutma ihtiyaci en

sicak aylarda azalirken, kaplama nedeniyle dagitilmayan ek
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termal yiik 1liman aylarda artmaktadir. Sonug olarak, binanin
toplam enerji ihtiyaglarma dayanarak farkli italyan iklim
bolgeleri i¢in optimum yalitim kalinliklar belirlenmistir [7].
ASHRAE standardi kullanilarak sogutma derece giin (CDD)
ve 1sitma derece giin (HDD)'ye dayali belirlenen optimum
yalitim kalinliklari, Birlesik Krallik Meteoroloji Ofisi ve
saatlik yontemler kullanilarak elde edilen kalinliklara kiyasla
ortalama %14 oraninda diisiik tahmin edilmistir. Elde edilen
sonuglar, iklimin karasallagmasiyla birlikte, Yasan Dongiisii
Maliyet Analiz (LCCA) yontemi kullanilarak bina dig duvar
optimum yalitim kalinligini belirlemek i¢in derece giinlerini
hesaplamak i¢in bagka bir ydntemi dogru sekilde
kullanmanin 6nemli hale geldigini gdstermistir [8].
Arnavutluk’taki binalar {izerine yapilan ¢aligma toplam 1s1
transfer degerinin 0.30 W/m?K esit veya daha az olmasi
gerektigini, bu da binalarin 0.03 ila 0.11 m araliginda
optimize edilmis yaliim kalinligma ihtiyact oldugunu
gostermektedir. Yenilenmemis binalarla, yillik 23.50 — 84.50
€/m? net tasarruf, 39.10 kgCO2/m?ye kadar CO; azaltimi ve
maksimum 0.30 ila 1.20 yila kadar basit geri 6deme siiresine
ihtiyag olacagi belirlenmistir [9].

Ingiliz konut stogunun optimize edilmis duvar yalitim
kalinligin1  belirlemek i¢in yapilan ¢alismada, optimize
edilmis cam yiinii yalitim kalinliginin 0.010 m ile 0.275 m
arasinda oldugu belirtilmistir. Duvar yalitim kalinligim
arttirmanin olumsuz etkilere yol acacagi ortaya konulmustur.
Stok seviyesinde tiim yasam enerji tilketiminin azaltilmasina
iliskin fazla tahmini %20.5 ile %26.7 arasinda degismektedir
[10].

Elazig ili i¢in yalitim kalinliginin 10 y1llik zaman diliminde
bugiinkii net deger faktoriiyle hesaplama yapilmis ve
optimum yalitim kalinliklariyla beraber enerji tasarruflar1 ve
geri Kiirekei

O0deme siireleri hesaplanmistir [11]. ve

arkadaglar1 [12], c¢aligmalarinda derece giin degerleri
kullanarak ekonomik analiz yontemiyle Tiirkiye’de bulunan
81 ilde 2 farkl yakit ve 5 farkli 1s1 yalitim malzemesi igin
optimum yalitim kalinlig1 ve buna bagli enerji tasarruflar ve
ekonomik geri O6deme slirelerini hesaplamislardir. Isi
yaliimi binalarda enerji performansinin arttirilmasinda
kullanilan en etkin ve basit ¢oziimlerden biridir. Is1 yalitim1

ile enerji performansinin arttirilmasinin yani sira fosil yakit
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kaynakl1 cevresel emisyonlarda ciddi oranda
azaltilabilmektedir. Ozellikle soguk iklim bolgelerinde 1s1
yalitimi 1sitma amacglh enerji tiiketiminde ve buna bagh
cevresel emisyonlarda ciddi tasarruf saglamaktadir [13]. Bu
calismada, Tirkiye’nin 1., 2. ve 3. derece giin bolgesinde
bulunan Aydin, Diyarbakir ve Nevsehir illerindeki binalar1
1sitmak amactyla dogalgaz yakit1 ve 1s1 pompasi kullanilmasi
dikkate alinarak ekstriide polistiren kdpiik (XPS) ve tas yiinii
yalittim malzemeleri i¢in analizler gergeklestirilmistir. Bu
calismanin 6zgiin yani ti¢ farkl iklim bolgesinde bulunan
illerde bina dis duvarlar i¢in optimum yalitim kalinliginin
belirlenmesi ve ekonomik analiz yapilarak geri 6deme

stirelerinin hesaplanmasidir.

1. Materyal ve Metot

Bu calismada {i¢ farkli iklim bdolgesinde bulunan Aydin,
Diyarbakir ve Nevsehir illerine ait 1sitma derece giin (HDD)
degerleri igin yalitim malzemesi olarak XPS ve tas yiinii,
yakit olarak dogal gaz ve 1s1 pompast igin elektrik segilerek

optimum yalitim kalinliklart hesaplanmustir.

Denge sicakligi, i¢ ortamin 1sitilmasina gerek duyulmayan
sicakliktir. HDD belirlenirken dig ortam sicakligi ile denge
sicakligr dikkate alinir [13].

Eger, To< T, ise;

N
HDD = Z]=0(Tb - TO) (1)
Eger,T),<T,ise;

HDD=0 )
Burada T, denge sicakligidir, T, bir meteoroloji
istasyonunda kaydedilen giinliik ortalama dig hava

sicakligidir, N bir 1sitma sezonunda T, < T}, olmasi kosuluyla
giin sayisidir. Bu nedenle 1sitma derece-giin degerleri Ty < Ty,
olarak hesaplanir. Tiirkiye, TS 825'in belirledigi 1sitma
derece-giin sayilarina gére dort iklim bolgesine ayrilmustir.
1. Bolge 1sinma icin en az enerji ihtiyaci olan bolgeyi, 4.
Bolge ise en soguk dolaysiyla 1sitma icin enerjiye en gok
ihtiyag duyulan bolgeyi temsil etmektedir. Sogutma
uygulamalari i¢in de benzer sekilde derece-giin degerleri

hesaplanabilir [14,15]. Bu ¢aligmadaki secilen iller igin
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1sitma derece-giin degerleri Tablo 1'de [16] ve bu illerin

fiziki konumlar1 Sekil 1°de verilmistir.

Bolgeler M

Bing il
© GeoMames, v

Sekil 1. TSE 825’¢ gore 3 bolgede bulunan sehirler

Tablo 1. HDD degerleri [16]

Sehirler HDD
Aydin 1213
Diyarbakir 2142
Nevsehir 3033

2. Optimum Yahtim Kahnh@ ve Ekonomik

Geri Odeme Siireleri

2.1. Optimum Yahtim Kalnhg:

Is1 daima sicak olan bélgeden soguk olan bolgeye geger. Dis
hava sicakliginin i¢ hava sicakligindan kiigiik oldugu
zamanlarda bina dig kabugundan 1s1 kayiplar1 gergeklesir.
Di1s duvarin birim yiizey alani basina kaybedilen 1s1 miktart
(Q) asagidaki gibi elde edilir [17]

Q=Ux(T;—To) @)
Burada U duvarm toplam 1s1 transfer katsayisi (W/m?K), T;
i¢ hava sicakligi ve To dis hava sicakligidir. Bir yalitim
katmani igeren dig duvarin toplam 1s1 transfer katsayisi (U)

denklem (4)’de verilmektedir [18]

1

U= (4)

T Ri+Ryw+Rins+Ro

Xins

Rins = ®)

kins

burada R; ve R, sirasiyla i¢ ve dis ortamin taginim 1sil

direncini gdstermekte olup degerleri 0.13 m?K/W ve 0.04



DUJE (Dicle University Journal of Engineering) 15:4 (2024) Sayfa 863-871

m?K/W’dir. Rw yalitimsiz duvarm 1sil direncini, X ve k
sirastyla yalitim malzemesinin kalinligimi ve 1s1l iletkenlik
katsayisin1  gostermektedir. Yaliimsiz duvarin toplam
direnci (Rw,) denklem (6) yardimiyla belirlenmis olup, Sekil
2’ de verilen kompozit duvarin, malzemelerinin fiziksel ve
termal Ozellikleri Tablo 2 ve Tablo 3’de sunulmustur

[19,20].

Tablo 2. Yalitim Malzemelerinin Ozellikleri [19,20]

XPS Cam Yiunu
k (W/mK) 0.031 0.04
Cy (3/md) 180 80
d (kg/m3) 28 24
"TUGLA

(%)
L
=
L
N
-
<
=
=
=
4
<C
b

Sekil 2. Kompozit duvar

Tablo 3. Kompozit Duvar Bilesenlerinin Degerleri [20]

Duvar Kalinhk k R
bilesenleri  (m) (W/mK) (M?K/W)

I¢ Stva 0.02 0.087 0.230

Tugla 0.13 0.45 0.289

Di1s Siva 0.03 14 0.021

Ro 0.040

Ri 0.130

Rwit 0.503

Ry =Ry Ry Ry (6)

HDD degerleri kullanarak birim yiizey alani i¢in yillik 1s1
kaybi (qyu) denklem (7) ile bulunabilir [21],

qyu = 86400 X HDD X U )

Di1s duvarin birim alanindan 1s1 kaybi ile 1sitma i¢in gerekli
olan yillik enerji miktari (E), denklem (8)’de belirtildigi gibi,
yillik 1s1 kaybmin isitma sisteminin verimi (1) degerine
bolinmesiyle elde edilir [15],

_
p=2 ®)

Yillik 1sitma enerjisi ihtiyact miktar1 (En) denklem (9) ile

hesaplanabilir [22]:

86400XxXHDD XU
Ey = R XHy X
( W'H'Rins) u Tl

©)
Burada H, kullanilan yakitin alt 1s1l degeri olup, Tablo 4’te

bu c¢alismada kullanilan yakitlarin alt 1s1l  degerleri
belirtilmistir [23]. Tablodaki Cr agiklamasi da burada

belirtilsin

Tablo 4. Calismada Kullanilan Yakitlarin Alt Isil Degerleri

(Hy) [23]
Yakit Hu n (%) Cr
Dogalgaz 34485000 J/m?® 90 0.360 $/m?
Elektrik 3599000 J/kg 99 0.046 $/kg
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Yalitimsiz duvarin birim alanini 1sitmak igin gerekli olan
yillik enerji ihtiyact ile yalitimli duvarm birim alanim
isitmak icin gerekli enerji ihtiyaci farki bize net yillik enerji
tasarrufunu (ET) verir. Enflasyon ve faiz oranin bagh
faktori (PWF) Denklem (12)

hesaplanabilir. Denklem (13)’te ise faizin enflasyon oranina

simdiki  deger ile
esit oldugu durumda bugiinkii net deger faktorii hesabi
verilmigtir. Denklem (14) ile yalittmin maliyeti, Denklem
(15) ile 1s1itma i¢in optimum yalitim kalinlig1 hesaplanabilir

[12].

Eger, i > g ise:

r = E (10)
Eger, g > i ise:
-9t
"= 11
_ @+n)N-1
PWF = rx(1+r)N (12)
Eger, i = g ise:
N
PWF = T (13)
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Cins = Cy X x (14)

1

-k Ry (15)

Xoptn = 293.94 x (w

HyXCinsxI]
2.2. Ekonomik Geri Odeme Siiresi

Geri Odeme siiresi (PP), bir yatirimm ekonomik
stirdiiriilebilirligini 6lgen bir yontem degil, ka¢ yillik
gelirlerin giderleri karsilayacagini hesaplayan bir yontemdir.
Denklem (16)’da Cy yahtimsiz, Cyy ise yalitimli haldeki
enerji maliyetlerini temsil eder [11]. Isitilan binalar igin
yillik toplam net tasarruf miktari (4, ;) denklem (17) ile,

pph aciklamasi yazilmali PPy ise denklem (18) ile

hesaplanmaktadir [24].

CC,H = CH X PWF X Cins (16)

Ayun = Cy — Cpy 17)

PPy = s (18)
Ayll.H

3. BULGULAR

3.1. Optimum Yahtim Kalnhklar:

Calismada TSE 825’e gore farkli iklim bolgelerinde bulunan
Aydm, Diyarbakir, Nevsehir illerinde yakit olarak dogalgaz
ve 1s1 pompasi, yalitim malzemesinin olarak da XPS ve tag
ylinii i¢in optimum kalinliklar1 belirlenmistir. Sekil 3’te
Aydm ig¢in farkli yakit tiirleri ve yalittim malzemeler icin
optimum yalitim kalinliklart verilmistir. Grafiklerin ortak
ozelligi yaliim kalimliginin artmasiyla, yaliim maliyetinin
artmig enerji maliyetinin ise azalmis olmasidir. Toplam
maliyet, birim alan igin yakit ve yalium malzemesi
maliyetlerinin toplamini gostermektedir. Aydin ili i¢in dogal
gaz kullanilmas1 durumunda optimum yalitim kalinliklarinin
sirastyla XPS ve Tag yiini i¢in 0.029 m ve 0.031 m, 1s1
pompast kullanilmasi durumunda ise 0.015 m ve 0.022 m
olarak hesaplanmstir.

Aydm ili i¢in dogalgaz ve XPS kullanilmast durumunda,
optimum yalitim kalinlig1 igin toplam maliyet 13.67 $/m? ve
1sitma maliyeti 6.47 $/m? olurken, yalitimsiz duvar igin
enerji maliyeti 23.08 $/m?’dir. Aynmi sartlarda optimum

kalinlikli tas yiini kullanilmas1 durumunda, enerji maliyeti

5.8 $/m? bulunmustur. Ist pompasi kullanilmas1 durumunda
XPS igin, toplam 1s1tma maliyeti 6.78 $/m? ve enerji maliyeti
3.18 $/m? olurken, optimum kalinlikli tas yiinii kullanilmas1
durumunda, enerji maliyeti 292 $/m? olmustur.
Karsilastirmada en uygun enerji maliyetinin 1s1 pompast,
yaliim malzemesi olarak tas yilinii kullanilmast durumu

oldugu soylenebilir.

40
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20
—&— Yalitim maliyeti

L 15 —a—Enerji maliyeti
@ ©— Toplam maliyet
= 10
(<5}
2
S 5
=

0 B A Ny Ny Wy W W

0 0,05 0,1 0,15 0,2
Yahtim kalinhig: (m)

(d)

Sekil 3. Aydin i¢in optimum yalitim kalinliginin maliyetle
degisimi (a) Dogal gaz-XPS (b) Dogal gaz-Tas yiinii (c) Is1
pompasi- XPS (d) Is1 pompasi Tag yiinii

Sekil 4’te Diyarbakir ili i¢in dogal gaz kullanilmasi
durumunda optimum yalitim kalinliklarinin sirastyla XPS ve
Tas yiinii i¢in 0.043 m ve 0.05 m, 151 pompasi kullanilmasi
durumunda 0.017 m ve 0.036 m olarak hesaplanmuistir.

Diyarbakir ili i¢in dogal gaz ve optimum kalinlikli XPS
kullanilmas1 durumunda, toplam maliyet 18.33 $/m? ve
enerji maliyeti 11.43 $/m? olurken, yalitimsiz durumda enerji
maliyeti 40.76 $/m? dir. Toplam maliyet ve enerji maliyeti
arasindaki fark, optimize edilmis yalitm maliyeti olan 7.2
$/m? olarak hesaplanmuistir. Aym sartlarda optimum
kalinlikli tag yiinii kullanilmas: durumunda, enerji maliyeti
7.4 $/m? olmustur. Ist pompast kullanilmas1 durumunda
optimum kalinlikli XPS icin, toplam maliyet 9.22 $/m? ve
enerji maliyeti 5.62 $/m? olurken, optimum kalmlikl tas
yiinii kullanilmas1 durumunda, enerji maliyeti 4.29 $/m?
olmustur. Karsilagtirmada en uygun enerji maliyetinin yakit
olarak dogal gaz, yalitim malzemesi olarak Tas yiini

kullanilmast durumunda oldugu séylenebilir.
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Sekil 4 Diyarbakir i¢in optimum yalitim kalinliginin
maliyetle degisimi (a) Dogal gaz-XPS (b) Dogal gaz-Tas
yiinii (¢) Ist pompasi- XPS (d) Is1 pompasi Tag yiinii

Sekil 5°te Nevsehir ili i¢in dogal gaz kullaniimasi
durumunda optimum yalitim kalinliklarinin sirastyla XPS ve
Tas yilinii igin 0.055 m ve 0.06 m, 1s1 pompasi kullanilmasi

durumunda 0.025 m ve 0.047 m olarak hesaplanmuistir.
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Nevsehir ili i¢in dogal gaz ve optimum kalinlikli XPS
kullanilmas1 durumunda, toplam maliyet 22.70 $/m? ve
enerji maliyeti 11.90 $/m? olurken, yalitilmamis duvarli
enerji maliyeti 57.71 $/m?dir. Toplam maliyet ve enerji
maliyeti arasindaki fark, optimize edilmis yaliim
kalmligidaki yalittm maliyeti olan 10.8 $/m? verir. Aym
sartlarda optimum kalinlikli tas yiini kullanilmasi
durumunda, enerji maliyeti 9.67 $/m? olmustur. Is1 pompasi
kullanilmast durumunda optimum kalinlikli XPS i¢in,
toplam maliyet 11.56 $/m? ve enerji maliyeti 7.96 $/m?
olurken,

optimum kalinhkh tas

5.21

yiinii  kullanilmasi
$/m?

Kargilastirmada en uygun enerji maliyetinin 1s1 pompasi,

durumunda, enerji maliyeti olmustur.

yalitim malzemesi olarak tas yiinii kullanilmast durumunda

oldugu soylenebilir.
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Sekil 5. Nevsehir i¢in optimum yalitim kalinliginin
maliyetle degisimi (a) Dogal gaz-XPS (b) Dogal gaz-Tas
yiinii (¢) Ist pompasi- XPS (d) Is1 pompasi Tag yiinii

Tablo 5 ve Tablo 6’da TSE 825’e¢ goére farkli iklim
boélgelerinde bulunan Aydin, Diyarbakir, Nevsehir illerinde
yakit olarak dogalgaz ve 1s1 pompast ile 1sitma, yalitim
malzemesinin olarak da XPS ve tas ylinii i¢in optimum
kalinliklar1, yillik kazang (AY ) ve ekonomik geri 6deme
siireleri (PP) hesaplanmigtir. Tablo 5°te yakit olarak
dogalgaz kullaniminda birinci bdlgede bulunan Aydin
ilinden 3. Bolgede bulunan Nevsehir iline dogru gidildikge,
yillik kazang bazinda sirastyla %100 ve %47 oraninda artig
gozlenmektedir. Isitma pompasi ile 1sitma yapildiginda yillik
kazanglar sirastyla %105 ve %54 oraninda artis saglamistir.
Yine Tablo 5’te dogalgaz ile 1sitma ile 1s1 pompasiyla 1sitma
arasinda ekonomik geri 6deme siirelerinde sirastyla Aydin,

Diyarbakir ve Nevsehir illerinde 2.6, 2 ve 1.65 yil fark



DUJE (Dicle University Journal of Engineering) 15:4 (2024) Sayfa 863-871

bulunmaktadir.

Tablo 5. XPS kullanim1
Dogalgaz ve XPS kullaniminda bdlgeler bazinda veriler

Sehirler HDD Kopt. ALY n) PP
(m) ($/m?3  (Y)
Aydm 1213 0.029 1.6 3.3
Diyarbakir 2142 0.043 3.2 25
Nevsehir 3033 0.055 4.7 2.1

Ist pompasi ve XPS kullaniminda bdlgeler bazinda veriler

Sehirler HDD Kopt. ALY n) PP

(m) ($/m?3  (Y)
Aydin 1213 0.015 0.39 5.9
Diyarbakir 2142 0.017 0.8 45
Nevsehir 3033 0.025 1.23 3.75

Tablo 6. Tas yiinii kullanimi1

Dogalgaz ve tas yiinii kullaniminda bolgeler bazinda veriler

Sehirler HDD Kopt. ALY ¢ PP
(m) ($/m?) (Y1)
Aydm 1213 0.031 1.55 3.8
Diyarbakir 2142 0.05 3 2.8
Nevsehir 3033 0.06 4.5 2.3
Is1 pompasi ve tas yiinii kullaniminda bolgeler bazinda
veriler
Sehirler HDD Xopt, ALY n PP
(m) ($/m?) (Y1)
Aydin 1213 0.022 0.48 45
Diyarbakir 2142 0.036 0.94 3.4
Nevsehir 3033 0.047 1.4 2.9

Tablo 6°da 1sitma igin 1s1 pompasi ve dogalgaz kullanimlari
kiyaslandiginda birinci bdlgede bulunan Aydm ilinden 3.
Bolgede bulunan Nevsehir iline dogru gidildikge, yillik
1.07, 2.06 ve 3.1 $/m?

hesaplanmistir. Yine 6’da dogalgaz ve 1s1 pompasiyla 1sitma

kazang farklar1 sirasiyla

arasinda ekonomik geri ddeme siirelerinde sirasiyla Aydin,
Diyarbakir ve Nevsehir illerinde 0.7, 0.6 ve 0.6 yil fark

bulunmaktadir.
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3. SONUCLAR VE ONERILER

Sonug olarak, Sekil 3, Sekil 4, Sekil 5°te gosterilen yalitim
kalinhigi-maliyet grafiklerinde ve Tablo 5 ve Tablo 6’da
belirlenen bulgularda TSE 825’¢ gore belirlenen bolgelerde
birinci bolgede 1sitma i¢in 1s1 pompasi kullanmanin avantajlt
olacagi, ikinci ve liglincii bolgelerde ise 1sitma igin dogalgaz
kullanimmin avantajli oldugu gézlemlenmistir. Ayrica 1s1
pompalarinin belirli sicaklik derecelerin altinda verimsiz
calismast ve ilk yatirim maliyetlerinin yiiksek olmasi
sebebiyle sicak bolgelerde kullaniminin daha uygun olacagi

Onerilir.

Etik kurul onayi ve ¢ikar catismasi beyam

Hazirlanan makalede etik kurul izni alinmasina gerek
yoktur. Hazirlanan makalede herhangi bir kisi/kurum

ile ¢ikar gatigmasi bulunmamaktadir.
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quality machining through newly developed laser technologies. In this context, in this experimental
research, unlike most studies in the literature, an investigation was carried out on heat affected zone (HAZ)
occurring in AISI 4140 steel machined by laser beam in different cutting geometries (triangle, square and
circle cutting). In the present study, when the average HAZ widths calculated according to the laser cutting
geometries were examined, it was understood that the highest average HAZ width (579 pm) was obtained
in the triangle cutting geometry and the lowest average HAZ width (369 pum) was obtained in the circle
cutting geometry. What is more, when the average HAZ widths obtained according to laser cutting
geometries were compared, it was observed that the average HAZ widths of the specimens cut in triangle
geometry were 31.61% and 56.93% larger than the specimens cut in square and circle cutting geometries,
respectively. Furthermore, it was found that as the laser power increased, the HAZ widths were negatively
affected (i.e., HAZ widths increased), but as the cutting speed increased, the HAZ widths were positively
affected (i.e., HAZ widths decreased). From the ANOVA analyses, it was found that the cutting geometry
(with a rate of 51.32%) was the most pivotal parameter influencing the HAZ width. When the regression
analysis results (based on quadratic regression models) were checked, it was understood that R? value had
a very high rate (96.79%) as desired. Thus, from these results, it was understood that the model developed
to predict the HAZ width values has a high success rate and reliability.

Introduction

Nowadays, there is a great demand for machining materials
with different properties (in terms of chemical and physical
properties) using laser technologies. The most important
reasons for this demand are their low costs and high-quality
machining capabilities [1, 2]. Moreover, they have another
advantage that no cutting tools are needed in machining
operations [2]. Considering the laser technologies used in
modern manufacturing industries, it is seen that especially
CO; and fiber laser technologies stand out. However, in
recent years, interest in fiber laser has been increasing day
by day due to its relatively newer and more advanced
features [3, 4]. Additionally, the fact that it is more cost-
effective than CO; laser is seen as another advantage [5, 6].
In laser cutting processes, one of the most important factors
affecting laser cutting efficiency is the absorption capacity
of the material being machined. This factor is highly
affected by many parameters such as the type of material
(chemical and physical), the wavelength of the laser beam
and the angle of incidence of the laser beam. Compared to
CO lasers, fiber lasers, due to their shorter wavelengths,
provide higher absorption when processing metal materials.
As a natural consequence of this situation

(since it provides higher absorption), it provides higher
quality machining [1, 5, 7, 8]. Although fiber laser is a
newer technology than CO: laser, machining parameters
need to be optimized separately for each material in order
to achieve high quality machining of materials with
different chemical and physical properties [4-6]. In the laser
cutting process (to summarize briefly), local melting occurs
in the workpiece (metal) under the influence of the laser
beam focused on the workpiece and the molten metal is
blown out from the operation area with the help of the assist
gas used during the process. As a consequence of this
continuous operation, the workpiece is separated (i.e.,
cutting occurs) from each other [4, 5]. In laser cutting
processes, for a high-quality cutting, it is very important to
take into account many parameters such as laser
technology, cutting geometry, laser power, cutting speed,
type of assist gas, gas pressure, chemical and physical
properties of the workpiece, and thickness of the workpiece
[5, 6]. Therefore, a lot of research needs to be carried out
regarding these parameters. As a matter of fact, it is seen in
the literature that investigations have been conducted
regarding many of these parameters [3-5]. However, when
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the investigations in the literature are checked, it is observed
that laser cutting geometries are generally in the form of a
straight line. In other words, it is understood that a limited
number of investigations have been conducted on different
cutting geometries and their effects. Moreover, as a
consequence of literature review, it was understood that
there are very few investigations on the heat affected zone
(HAZ) that occurs in metal workpieces during laser cutting
process [3-6].

In this experimental research, unlike most studies in the
literature, an investigation was carried out on HAZ
occurring in AISI 4140 steel machined by laser beam in
different cutting geometries (triangle, square and circle). In
order to conduct the investigation cost-effectively and also
for a comprehensive evaluation, one of the most widely
used optimization methods was employed.

Materials and methods

Workpiece material

In this current research, AISI 4140 steel was utilized as the
workpiece. AISI 4140 steel is a type of steel that stands out
with its many features such as superior strength, wear
resistance and good toughness. These steels are among the
most demanded materials in the manufacturing industries
due to their high durability [9, 10]. That is why it was
specially selected within the scope of this research. In Table
1, the chemical compositions of AISI 4140 steel used as the
workpiece in this research is given.

Table 1. Chemical compositions

Chemical composition (wt.%)

C 0.41 Cr 1.04
Si 0.24 Ni 0.03
P 0.012 Mo 0.172
Mn 0.82 Cu 0.01
S 0.023 Fe Bal.

As displayed in Fig. 1, images and dimensions (100 mm x
50 mm x 10 mm) of AISI 4140 steel materials machined
with laser beam in different cutting geometries are given.

wwor

Figure 1. Images and dimensions of AISI 4140 test
specimens

Use of Taguchi method

In the present day, many optimization methods are used in
different manufacturing industries for high quality
machining of workpieces with different characteristics
(chemically and physically). The Taguchi method, which
provides cost-effective solutions with a minimum number
of experiments, is the most well-known of these
optimization methods. That is why, in this research, this
optimization method was utilized to obtain the most cost-
effective solutions [11-13]. Moreover, variance (ANOVA)
and regression analyses were also performed to make the
study more comprehensive. ANOVA analysis was
performed based on literature investigations at a confidence
level of 95% and a significance level of 5%, and the most
accurate results were achieved [11, 13, 14]. In this research,
the "Smaller is better" approach (due to adverse effects on
the workpiece) was adopted because the HAZ (the heat
affected zone) width in laser-cut materials was required to
be as minimum as possible [2]. In this context, for each
experimental result obtained, signal-to-noise ratios (S/N
ratios) were calculated using the formula (equation (1))
given below [11, 12].

Smaller is better:

S/N = —-101log (- Z1L, ¥7) (1)

In this current research, Minitab statistical software (Fig. 2),
which is widely used in investigations [15], was used to
perform the analyses.

Taguchi Design: Design X
Type of Design Runs 3 Columns
" 24evel Design (2 to 31 factors)
@ 34evel Design (2o 13 factors) 127 373
" 44evel Design (2o 5 factors)
€ Sdevel Design (2t0 6 factors)
 MixedLevel Design (2 to 26 factors)
Number of factors: [3 =] Display Avaiable Designs...
Designs... Factors...
I Add a signal factor for dynamic characteristics
Options...
Help oK Cancel
Help oK Cancel o] —-I
Taguchi Design: Factors X
Assign Factors
& To columns of the array a5 specfied below Analyze Taguchi Design: Options X
" To alow estmation of selected interactions
Signal to Noise Ratio: Formua
Facto Name Level Values Column Level € Larger s better 10xLog 10sum(1/YA2)/n)
: C:::"Z:' :szi T ! i ; " Nominal s best ~10xL0g10(s~2)
TS > s € Nominal s best 10xL0910(Ybar~2/s~2)
@ Smaller is better -10xLog 10(sum(Y~2)/n)
r
™ Use Infs) for all standard deviation output
Help. [ Cancel
Hep OK Cancel

Figure 2. Step by step adjustments to perform analyses

Besides, as depicted in Fig. 2, the Taguchi L9 (3-level
design) experimental design (DOE) was adopted (based on
laser machining parameters and levels). In Table 2, the
machining parameters and levels determined for laser
cutting experiments within the scope of this research are
given. The laser cutting parameters (gas pressure, laser
power, cutting speed) used in this research were determined
based on the investigations in the literature [2, 4, 16].
However, different values were determined (between the
top and bottom values) in order to make this research
original.
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Table 2. Laser machining parameters and levels

Parameter Unit Level 1 Level 2 Level 3
Cutting - .
geometry 1 (Triangle) 2 (Square) 3 (Circle)
Gas pressure Bar 0.6 - -
Laser power w 1000 1100 1200
Cutting mm/min 500 700 900
speed

As displayed in Table 2, the levels of laser cutting
parameters were increased according to the same increase
rate (for each parameter separately), thus enabling more
precise results to be obtained.

Laser beam machining experiments

In this current investigation, laser cutting experiments were
conducted using a Senfeng brand CNC fiber laser machine
with a maximum power of 2000 W. Since they have
significant effects on the results of the experiments [4, 5],
ambient temperature and relative humidity were measured
three times using a Hubstein HTC-1 brand device and the
averages of these values were calculated. The average
relative humidity and ambient temperature throughout the
laser cutting experiments were found to be 53% and 25°C,
respectively. Fig. 3 depicts images of AISI 4140 steel
materials machined in different laser cutting geometries
(i.e., triangle, square and circle) taken during cutting
experiments. Moreover, as seen in Fig.3, the laser cutting
lengths were specifically ensured to be the same (96 mm)
despite the different laser cutting geometries. Because, due
to the nature of laser beam cutting processes, laser cutting
lengths are very important [4]. As a matter of fact, this issue
(laser cutting lengths) will be expressed in detail in the
results and discussion section. The laser cutting geometries
used in this research were specifically determined (for the
purpose of an original research) because there is no similar
study in the literature. In the laser cutting experiments
performed with a fiber laser machine, a 2 mm diameter
nozzle and O2 gas (as assist gas) were used [4-6, 16]. In the
laser cutting experiments performed according to Taguchi's
L9 DOE, the thickness (10 mm, i.e. thicker) of the
workpieces was determined in the light of the studies in the
literature in order to make the HAZ widths more apparent
[4-6].

Laser
beam
)
=)
M.

€
€ { Total = 96 mm|

W §7

24mm

cutting length for
circle geometry

cutting length for
square geometry

cutting length for
triangle geometry

Square Circle

Triangle

Figure 3. Laser cutting lengths (triangle, square and circle)
and images taken during laser cutting experiments

HAZ width measurements

In this research, in order to investigate the effects of
different cutting geometries and cutting parameters on the
cut specimens, firstly the images of the edges of the cut
specimens were captured with the help of a microscope
(Leica DM 750P branded microscope) and then the HAZ
widths were precisely measured on these images with the
help of ImageJ software. As depicted in Fig. 4, the image
taken of the cut edge of the steel material cut with a laser
beam and a measurement process performed on this image
are shown. In this research, since the negative effects of
HAZ widths on the specimen are known [2, 4, 15-17],
measurements were made at five different points of each cut
(cut with different cutting geometries) specimen and then
the arithmetic averages of these results were calculated.

-

Measuring on a captured image

Figure 4. Measuring on a captured image

Results and discussion
HAZ width

Nowadays, in the manufacturing industries where laser-
cutting processes are carried out, the surface roughness,
cutting width and HAZ widths of the cut workpieces are
taken into consideration as important aspects. The most
important reason for this is that the machining quality of
these manufactured parts directly affects their performance
in their permanent use place [2, 4, 15-17]. For these reasons,
in this research, measurements (HAZ widths) were made at
five different points of each cut (cut with different cutting
geometries) specimen and then the arithmetic averages of
these results were calculated. In Fig. 5, the results of HAZ
widths obtained as a consequence of this experimental study
are given separately for different cutting geometries.

As illustrated in Fig. 5, when the specimens cut in
triangle geometry with the laser beam were checked, it was
seen that the highest HAZ width was 715 um. On the other
side, the lowest HAZ width was measured as 411 pm in
specimens cut in triangle geometry with laser beam. When
the highest (715 um) and lowest (411 um) HAZ widths
obtained from these specimens cut in triangle geometries
were compared, it was observed that the highest HAZ width
was 73.96% larger than the lowest HAZ width.

On the other hand, as depicted in Fig. 5, when the specimens
cut in square geometry with the laser beam were checked, it
was observed that the highest HAZ width was 531 um. On
the other side, the lowest HAZ width was measured as 389
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pum in specimens cut in square geometry with laser beam.
When the highest (531 um) and lowest (389 pm) HAZ
widths obtained from these specimens cut in square
geometries were compared, it was revealed that the highest
HAZ width was 36.53% larger than the lowest HAZ width.

800
700
600
500
400

300

HAZ width (um)

200+

100

0 T T T T T T T T T

L1 L2 L3 L4 L5 L6 L7 L8 L9

Triangle Square Circle

Figure 5. HAZ widths obtained based on different cutting
geometries

Besides, as displayed in Fig. 5, when the specimens cut in
circle geometry with the laser beam were checked, it was
observed that the highest HAZ width was 409 pum. On the
other side, the lowest HAZ width was measured as 313 pm
in specimens cut in circle geometry with laser beam. When
the highest (409 um) and lowest (313 um) HAZ widths
obtained from these specimens cut in circle geometries were
compared, it was seen that the highest HAZ width was
30.69 % larger than the lowest HAZ width. As illustrated in
Fig. 6, the average HAZ width values calculated according
to different laser cutting geometries (triangle, square and
circle) are given.

Average HAZ width ]
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5 500 4 3
£ y 449
= .
o /
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0 B T T T
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Cutting geometry

Figure 6. Average HAZ widths based on different laser
cutting geometries

When the average HAZ widths calculated according to
the laser cutting geometries given in Fig. 6 are examined, it
is understood that the highest average HAZ width is
obtained in the triangle cutting geometry and the lowest

average HAZ width is obtained in the circle cutting
geometry. What is more, when the average HAZ widths
obtained according to laser cutting geometries were
compared, it was seen that the average HAZ widths of the
specimens cut in triangle geometry were 31.61% and
56.93% larger than the specimens cut in square and circle
cutting geometries, respectively.

In this current investigation, analyses (based on Taguchi
experimental design) were performed in the Minitab
program in order to perform a more comprehensive analysis
of the HAZ widths occurring in steel specimens cut in
different cutting geometries. As a consequence of the
analyses, the S/N ratios calculated for each HAZ width are
illustrated in Fig. 7.
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Figure 7. S/N ratios based on HAZ widths

As depicted in Fig. 7, when the analyses made according to
the HAZ widths of the specimens cut in different cutting
geometries were checked, it was understood that the highest
S/N ratio was obtained in the specimen with experiment
number L8 (- 49.9109). This highest S/N ratio was achieved
in a circle cutting geometry and a HAZ width of 313 pm,
respectively. On the other hand, when the analyses made
based on the HAZ widths of the specimens cut in different
cutting geometries were checked, it was found that the
lowest S/N ratio was obtained in the specimen with
experiment number L3 (- 57.0861). This lowest S/N ratio
was achieved in a triangle cutting geometry and a HAZ
width of 715 pm, respectively. As a consequence of the
analyses carried out with the Minitab program, a main effect
plot was also obtained according to the S/N ratios calculated
based on the HAZ widths and illustrated in Fig. 8.

When the graph of the average of S/N ratios obtained
according to the HAZ widths given in Fig. 8 is checked, it
is clearly observed that the best result (i.e., the highest
average S/N ratio) among different cutting geometries was
obtained with the circle cutting geometry. Moreover, it was
found that HAZ widths were negatively affected (i.e., HAZ
widths increase) as the laser power increased.
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Main effects plot for SN ratios
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Figure 8. Main effects plot for HAZ widths

On the other hand, it was understood that HAZ widths were
positively affected (i.e., HAZ widths decrease) as the
cutting speed increased. In other words, it was found that
the HAZ width had a directly proportional relationship with
the laser power but an inversely proportional relationship
with the cutting speed. As a matter of fact, when the results
found in this research were compared with the results of
investigations (regarding HAZ widths) in the literature, it
was revealed that there were similar trends [2-4, 17, 18].
Additionally, in the light of the results obtained within the
scope of this investigation, it can be stated that the most
suitable machining parameters for the steel workpiece cut
with fiber laser are circle cutting geometry, 1000 W laser
power and 900 mm/min cutting speed, respectively. In this
research, in order to investigate the effects (effects on HAZ
widths) of different cutting geometries and cutting
parameters on the cut specimens, firstly, the images of the
edges of the cut specimens were captured with the help of a
microscope and then the HAZ widths were precisely
measured on these images with the help of ImageJ software.
As depicted in Fig. 9, images taken of specimens cut with
laser beam in different geometries are given for each
experiment (i.e., between L1 and L9).

As displayed in Fig. 9, it is understood that the HAZ widths
of the steel specimens cut with different geometries with the
laser beam according to the Taguchi experimental design
(DOE) vary according to the applied machining parameters.
Moreover, it is observed that the HAZ widths of the
specimens cut in triangle geometry with the laser beam are
larger than the HAZ widths of the specimens cut in square
and circle cutting geometries. Additionally, when the HAZ
widths of specimens cut in different laser cutting geometries
are compared, it is noticed that the lowest HAZ widths are
in the specimens cut in circle geometry. As a matter of fact,
when these visual inspections (Fig. 9) and statistical results
(Figs. 8) are compared with each other, it can be clearly
observed that the experimental and statistical results
obtained confirm each other.

Triangle '

r

Square

L

Circle

Figure 9. Images of specimens cut at different cutting
geometries and cutting parameters

Moreover, it was found that HAZ widths were
negatively affected (i.e., HAZ widths increase) as the laser
power increased. On the other hand, it was understood that
HAZ widths were positively affected (i.e., HAZ widths
decrease) as the cutting speed increased. In other words, it
was found that the HAZ width had a directly proportional
relationship with the laser power but an inversely
proportional relationship with the cutting speed. As a matter
of fact, when the results found in this research were
compared with the results of investigations (regarding HAZ
widths) in the literature, it was revealed that there were
similar trends [4, 17, 18]. Additionally, in the light of the
results obtained within the scope of this investigation, it can
be stated that the most suitable machining parameters for
the steel workpiece cut with fiber laser are circle cutting
geometry, 1000 W laser power and 900 mm/min cutting
speed, respectively. In this investigation, the laser cutting
lengths (see Fig. 3) were specifically ensured to be the same
(96 mm) despite the different laser cutting geometries.
Because, due to the nature of laser beam cutting processes,
laser cutting lengths are very important [4]. As it is known,
in laser beam cutting processes, the metal begins to melt
under the effect of the laser beam focused on the workpiece
(locally) and subsequently (i.e., after the continuous melting
process) the workpiece is cut (i.e., the metal is separated
from each other) [4, 5, 19]. During the laser cutting process
of metals, O2 gas (assist gas) is used to both accelerate the
cutting process (due to creating extra energy by reacting
with the metal workpiece) and remove (i.e., throwing out)
the molten metal [4-6, 16]. During this process, parameters
such as the duration of the laser beam focused on the metal
workpiece, laser power and cutting speed are very
important because these parameters have direct effects on
the HAZ widths [2, 6, 16]. Furthermore, it is observed that
laser cutting geometries are quite effective on the HAZ
width. This can be explained by the increase in the HAZ
width that occurs because the metal starting to melt as a
result of the laser beam focusing on the workpiece, but
finding more penetration opportunity (i.e., since it
penetrates for a longer time) in the same local area (i.e.,

877



DUJE (Dicle University Journal of Engineering) 15:4 (2024) Page 873-880

especially at the corners where two edges meet) due to the
effect of the cutting geometries (i.e., triangle and square
cutting geometries) [4-6]. On the other side, since this
negative situation, which increases the HAZ width, does not
occur in the circle cutting geometry, it is less affected than
the square and triangle cutting geometries (see Figs. 6 and
9).

Variance and Regression analyses

In this investigation, ANOVA analysis, which is referred to
as analysis of variance, was also performed to reveal which
machining parameter has the most important impact on the
HAZ width. ANOVA analysis was performed based on
literature investigations at a confidence level of 95% and a
significance level of 5%, and thus the most accurate results
were achieved [11, 13, 14, 20, 21]. As illustrated in Fig. 10,
the results of the ANOVA analysis (percentage contribution
rates) carried out using the HAZ width values obtained
within the scope of this investigation are given.

Percentage contribution

. for HAZ width

Cutting speed
36.46% Error

1.43%

Cutting geometry

Laser power 51.32%
10.79%
|

Quadratic

Regresssion Equation
9 q R-sq = 96.79%

Cutting geometry
Triangle (quadratic) = HAZ width (um) = - 232 + 0.450 Laser power + 0.4517 Cutting speed

Square (quadratic) — HAZ width (um) = - 372 + 0.450 Laser power + 0.4517 Cutting speed

Circle (quadratic) —#= HAZ width (um) = - 442 + 0.450 Laser power + 0.4517 Cutting speed

Figure 10. Percentage contribution rates and regression
equations

When the ANOVA analysis results given in Fig. 10 are
checked, it is clearly observed that the cutting geometry
(with a rate of 51.32%) is the most important parameter
influencing the HAZ width, in line with the experimental
results mentioned above. Besides, the percentage
contribution rates of other parameters were found to be
36.46% (cutting speed) and 10.79% (laser power),
respectively. Additionally, within the scope of this
investigation, regression analyses (in order to analyze the
correlation between machining parameters and outputs)
were performed for HAZ widths and as a consequence of
the analyses, regression equations were developed
according to different cutting geometries (Fig 10). As
illustrated in Fig. 10, when the regression analysis results
(based on quadratic regression models) were checked, it
was understood that the R? value had a very high rate
(96.79%) as desired (90% and above [11, 22]). As is known,
the R? value (i.e., regression coefficient) is considered as an
indicator of the effectiveness and success of the developed
model [12, 22-25]. In Fig. 11, the comparison graph of
actual and predicted HAZ width values is depicted.

Fitted Line Plot
HAZ width (um) = 168.5 + 0.2896 Predicted HAZ width (um)
+ 0.000702 Predicted HAZ width (um)~2

8004

Regression ','
ool == 9%a 2
——— 95% PI S,

6004

5004

HAZ width (um)

4004
s 13,6011
R-Sq 99.2%
o] €22 R-Sq(acj)  98.9%
300 400 500 600 700

Predicted HAZ width (um)

Figure 11. Comparison graph of actual and predicted HAZ
width values

As illustrated in Fig. 11, it is understood that the results
(comparison of actual and predicted HAZ width values)
shown as blue dots are collected almost adjacent to the
regression line (red colored line). Thus, from these results
(Fig. 11), it is understood that the model developed to
predict the HAZ width values has a high success rate and
reliability [11, 12, 22]. Within the scope of this
investigation, Fig. 12 was also drawn to visually
demonstrate the success of the model developed to predict
HAZ width values.

I HAZ width (um) Predicted HAZ width (um)
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Figure 12. Actual HAZ width results vs predicted HAZ
width values

As a matter of fact, as illustrated in Fig. 12, when the actual
HAZ width results are compared with the estimated HAZ
width values, it is observed that the estimated values are
equal to or very close to the actual results. Considering these
results (Fig. 12), it once again shows that the success rates
and reliability of the models developed to predict the HAZ
width values of samples cut with laser beam are quite high.
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Conclusions

In this experimental research, an investigation was
carried out on HAZ occurring in AlSI 4140 steel machined
by laser beam in different cutting geometries. The
experimental findings and statistical results obtained from
this current investigation are presented separately below as
a summary:

When the average HAZ widths calculated according to
the laser cutting geometries are examined, it is understood
that the highest average HAZ width (579 pum) is obtained in
the triangle cutting geometry and the lowest average HAZ
width (369 um) is obtained in the circle cutting geometry.
What is more, when the average HAZ widths obtained
according to laser cutting geometries were compared, it was
seen that the average HAZ widths of the specimens cut in
triangle geometry were 31.61% and 56.93% larger than the
specimens cut in square and circle cutting geometries,
respectively.

From the analyses of S/N ratios, it was found that the
most suitable machining parameters (based on the cutting
geometries applied in this research) for the steel workpiece
cut by fiber laser were circle cutting geometry, 1000 W laser
power and 900 mm/min cutting speed, respectively.
Moreover, it was found that as the laser power increased,
the HAZ widths were negatively affected (i.e., HAZ widths
increased), but as the cutting speed increased, the HAZ
widths were positively affected (i.e., HAZ widths
decreased).

From the ANOVA analyses, it was found that the
cutting geometry (with a rate of 51.32%) was the most
pivotal parameter influencing the HAZ width. Besides, the
percentage contribution rates of other parameters were
found to be 36.46% (cutting speed) and 10.79% (laser
power), respectively.

When the regression analysis results (based on quadratic
regression models) were checked, it was understood that the
R? value had a very high rate (96.79%) as desired. Thus,
from these results, it was understood that the model
developed to predict the HAZ width values has a high
success rate and reliability.
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electronic devices. This study utilizes numerical analysis, conducted through the ANSYS software
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to evaluate the combined effects of key parameters, including jet geometry, pulsation frequency,
amplitude, nanoparticle volume concentration, and Reynolds numbers, on the efficiency of heat transfer.
The impact of aluminum oxide (Al:O3) nanofluids with varying concentrations (1%, 2%, 4%, and 5%) on
thermal performance is assessed. The findings of the study demonstrate that the pulsating jets generate
bidirectional swirling flows and reverse vortices upon impact with the surface, resulting in notable
enhancements in local heat transfer rates. These vortices expand and form wall jets, which contribute to
an increase in the heat transfer coefficients and Nusselt numbers. The simulations demonstrate that higher
pulsation frequencies (30 Hz) result in a 10% increase in heat transfer efficiency compared to lower
frequencies (10 Hz). This is attributed to enhanced flow dynamics and improved heat distribution.
Moreover, the incorporation of nanoparticles markedly enhances heat transfer efficiency. The Nusselt
numbers were observed to increase by 18% when the concentration of nanoparticles reached 5%, in
comparison to plain water. Additionally, the study underscores the significance of jet spacing, wherein an
optimal separation distance of 100 mm between the dual jets was identified as a means of maximizing heat
transfer by fostering effective vortex interactions. Higher Reynolds numbers contribute to the formation
of thinner thermal boundary layers, thereby facilitating increased heat transfer rates, particularly at the
stagnation points where the flow impinges directly on the surface. Overall, the study demonstrates that
substantial enhancements in heat transfer can be achieved by optimizing key parameters such as pulsating
frequency, amplitude, nanoparticle volume concentration, and jet distances.

Introduction

Jet impingement is a prominent flow configuration with a
wide range of applications across various disciplines of
engineering and science. It is a technique that is commonly
employed in humerous industries, including those focused on
heating, cooling, drying, cutting, and cleaning. The
distinctive attributes of this flow pattern have prompted
considerable interest, giving rise to extensive research
endeavors through both experimental and numerical
investigations  [1]-[6]. One of the most significant
applications of impinging jets is in the cooling of high-
temperature systems, such as aircraft engines and electronic
devices, where efficient heat dissipation is essential for both
optimal performance and safety. In addition to their utility in
cooling applications, impinging air jets are indispensable in
industrial drying processes across a range of sectors,
including textiles, glass, and food production. In these
contexts, they facilitate operational efficiency and product
quality. Furthermore, this flow pattern is extensively
employed in metal processing and cutting operations, where
the high-speed jet impact facilitates enhanced precision and
productivity.

In conclusion, the field of jet impingement remains a
significant area of research interest due to its extensive
applicability and its potential to optimize a multitude of
industrial processes.

Impinging jets, particularly air jets, find their most
widespread application in the fields of heating and cooling. In
modern technological systems, these jet flows are employed
to cool devices and systems that produce substantial heat or
operate at high temperatures. The configuration of these
flows enables efficient heat and mass transfer at the
impingement region, ensuring effective cooling of the target
surface. One of the notable advantages of impinging jets is
their ability to achieve high local heat transfer coefficients,
making them highly effective for thermal management
applications.

The impingement of the fluid on the target surface effectively
reduces the thickness of the thermal boundary layer at the
impinging zone, thereby enhancing heat transfer and
significantly increasing the rate of both heat and mass transfer
on the target surface [7].
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Furthermore, the utilisation of impinging jets enables the
achievement of elevated heat transfer rates with a reduced
quantity of fluid, which in turn optimises energy efficiency
and reduces operational costs.

Research focused on improving the efficiency of impinging
jets has shown that various factors, such as jet fluid
properties, jet geometry, configuration (single or multiple
jets), surface roughness of the target surface, and the presence
or absence of jet pulsation, can significantly affect the jet
impingement process [8]-[10]. While these factors have
predominantly been examined individually in the literature,
studies addressing the combined effects of multiple
parameters remain relatively limited. This study aims to
comprehensively analyze the simultaneous effects of multiple
critical parameters that are known to significantly influence
the impingement phenomenon during a jet impingement
event.

Asem and Mishra [11] performed a numerical study to
analyze the heat transfer characteristics of a high-speed air jet
impinging on a flat plate under a constant heat flux boundary
condition. The findings revealed a direct correlation between
the Reynolds number of the jet and the acceleration of the heat
transfer rate. Furthermore, the researchers identified an
optimal jet-to-plate distance, which is critical for maximizing
heat transfer efficiency under controlled experimental
conditions. San and Chen [12] investigated the Nusselt
number distribution for five circular air jets impinging
vertically on a flat surface. Study revealed that the range of
maximum Nusselt numbers increased linearly as the spacing
between the jets in the array was widened. Chougule et al.
[13] conducted both experimental and numerical
investigations into the fluid flow and heat transfer
characteristics of multiple air jets impinging on a flat plate.
The effects of Reynolds number, target spacing-to-jet
diameter ratio, and the average Nusselt number on the target
plate were examined using the SST x—® turbulence model.
The study concluded that the spacing between the air jets is a
critical factor influencing the performance of multiple jet
impingement systems. Similarly, Caliskan et al. [14]
conducted both experimental and numerical studies to
evaluate the effects of jet geometry on flow and heat transfer
characteristics for elliptical and rectangular jet arrays. A
thermal infrared camera was used to obtain detailed heat
transfer measurements on smooth surfaces for both jet
geometries. The velocity distributions obtained from
numerical simulations allowed researchers to analyze the
impact of jet geometry on flow dynamics and heat transfer
characteristics. Additionally, numerical analyses were
performed to investigate the time-dependent heat transfer
performance of small-scale impinging jets at various
Reynolds numbers and dimensionless H/D ratios, particularly
in cases where significant temperature differences existed
between the jet and the target plate.

Pakhomov et al. [15] conducted a numerical investigation to
analyze the flow structure and heat transfer characteristics of
a turbulent air jet impinging on a surface. The objective of
their research was to investigate the impact of pulse
frequency, jet-to-plate distance, and Reynolds number on the
efficiency of heat transfer.
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The findings indicated that heat transfer increases as the jet is
positioned farther from the pipe edge and target surface.
However, this effect diminishes when the distance becomes
excessively large. Furthermore, it was determined that an
elevated Reynolds number has a detrimental effect on the
efficiency of heat transfer.

In the low-frequency range of the pulsed impinging jet, a
reduction in heat transfer efficiency was observed in
comparison to a steady-state impinging jet. Mladin and
Zumbrunnen [16] conducted experimental research to
investigate the influence of flow oscillations on the complex
local heat transfer characteristics of a flat air jet. Their study
meticulously synchronized heat transfer measurements with
thermal anemometry flow data, thereby enabling a detailed
analysis of the intricate link between periodic flow structures
and fluctuations and heat transfer dynamics. Sailor et al. [17]
in their investigation, examined the effects of a pulsating air
jet impinging on a heated surface by varying jet parameters
such as jet-to-plate distance, Reynolds number, and pulsation
frequency. Results demonstrated that the flow cycles
generated by the pulsating impinging jet led to over a 50%
increase in heat transfer. Similarly, Zulkifli et al. [18] studied
the impact of pulsation frequencies from a heated circular air
jeton local heat transfer. By analyzing the velocity profiles of
both steady-state and pulsating air jets at frequencies of 10
and 20 Hz, they concluded that the Nusselt number for the
pulsating jet was higher than that of the steady jet, as the
elevated frequencies enhanced heat transfer efficiency.

Demircan and Tiirkoglu [7] investigated the impact of
diverse parameters, including the distance ratio between
plates, jet velocity, pulsation amplitude, and frequency, on a
pulsating air jet discharged from a rectangular nozzle situated
on the upper plate and directed onto a heated lower plate
within a system comprising two horizontally parallel infinite
plates. The findings indicated that as the distance between the
plates increased, the stagnation Nusselt number decreased,;
however, this decrease was minimal when the height-to-
width (H/W) ratio exceeded 2. At lower H/W ratio values, the
stagnation Nusselt number closely approximated that of a
steady jet, while the Nusselt number for the pulsating jet
exceeded that of the steady jet. Additionally, Zao and Cheng
[19] conducted both experimental and numerical studies to
investigate laminar pulsating forced convection in a long tube
subjected to uniform heat flux and counterflow air conditions.

In their study, Demircan and Tiirkoglu [20] performed a
numerical analysis of the flow and heat transfer
characteristics of pulsating air jets impinging on a flat surface,
wherein the jet velocity demonstrated a sinusoidal variation
over time. The numerical simulations examined the effects of
Reynolds number, amplitude, and jet pulsation frequency on
flow and heat transfer. The results indicated that the Nusselt
number exhibited a moderate increase when the jet was
pulsating in comparison to a steady-state jet. The principal
objective of this study is to conduct a comprehensive
investigation into the influence of diverse factors on the
performance and characteristics of double impinging jets.
Previous research has predominantly focused on analyzing
these factors in the context of single jet flows. In contrast, this
study seeks to investigate them collectively to provide a
comprehensive understanding of their interactions and
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combined effects on heat transfer and flow dynamics In
particular, this study focuses on key parameters, including jet
geometry, flow characteristics, pulsating frequency and
amplitude, nanoparticle volume concentrations, and
Reynolds numbers, with the aim of evaluating their impact on
heat transfer efficiency and the overall performance of double
impinging jets.

Chaugule et al. [21] experimentally investigated the effects of
applying pulsation to the impinging surface of a free turbulent
jet on fluid dynamics and heat transfer. The study was
conducted for two different Reynolds numbers and various
conditions, including stationary and pulsating impinging
surfaces. Selimefendigil and Oztop [22] conducted a
numerical study on nanofluids involving pulsating
rectangular jets. Various parameters, such as oscillation
frequency, Reynolds number, and nanoparticle volume
concentration, were numerically investigated to assess their
effects on the fluid flow and heat transfer characteristics.

To achieve this objective, the study employs advanced
numerical simulations using ANSYS to evaluate the effects
of double impinging nanofluid jets on heat transfer and flow
characteristics across a defined range of Reynolds numbers.
In order to comprehensively analyze the problem, several key
variables are taken into account, including the type of fluid,
nanoparticle concentrations, jet geometry, and pulsating
patterns. The study specifically utilizes aluminum oxide
(Al03) nanofluids with varying volume concentrations of
1%, 2%, 4%, and 5%. This approach allows for the
investigation of how varying concentrations of nanoparticles
affect heat transfer performance, thereby providing valuable
insights into the optimization of operational conditions for
double impinging jet systems. In conclusion, the results of
this study will contribute to a more comprehensive
understanding of jet impingement dynamics and enhance the
efficiency of thermal management applications.

Mathematical Model and Numerical Method

The reliability of turbulence models is contingent upon the
utilization of adequately small mesh elements. Nevertheless,
the use of excessively small elements can result in a notable
increase in solution times. It is therefore imperative to select
an appropriate element size. To investigate this, a mesh
independence study was conducted. In the simulations,
meshes comprising 200,000, 220,000, and 240,000 nodes
were utilized. The resulting solutions facilitated the extraction
of Nusselt numbers, and values from three of these meshes
were employed to extrapolate the results as if an infinite
number of nodes were available. This approach indicated that
the results obtained from the mesh with 220,000 nodes
reached an accuracy of 0.5%. To guarantee the dependability
of the findings, it was imperative that all residuals be reduced
to 1078 or below by the conclusion of the computational run.
Figure 1 depicts the comprehensive mesh structure,
encompassing the number of nodes subjected to testing and a
detailed representation of the mesh configuration.

To accurately simulate turbulent flow fields, this study
proposes the numerical solution of the two-dimensional
turbulent Navier-Stokes and energy equations using a finite-
difference scheme, complemented by the continuity equation.
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Figure 1. Mesh structure of model.

This approach employs an eddy viscosity model to capture
the effects of turbulence under the assumption that the flow is
steady, incompressible, and two-dimensional. Furthermore,
this analysis excludes the effects of buoyancy and radiation
heat transfer, thereby further simplifying the model. The
governing equations for mass, momentum, turbulent Kinetic
energy, turbulent dissipation rate, and energy in a steady
turbulent flow are formulated based on the standard «-g
model, as described in detail below [23];

The momentum, continuity and energy equations, along with
the equations of the turbulence model treated as constitutive
equations, are presented in the following section [12], [13],
[24].

Continuity equation

au;
% 0 ®
The momentum equations, which are the applied form of
Newton's Second Law of Motion to fluids, or commonly
known as the Navier-Stokes equations applicable for viscous
incompressible fluids, are provided below.

ou;  op N a au; N aU; — 5
p laxl- - axj axl- " axj axi Pty ( )
Energy equation
aT 3 aT —y
pchia—Xi = k > pcpulT] 3)

For the k- model, in an incompressible flow, the turbulent
kinetic energy x and the dissipation rate ¢ are provided
respectively [23].

de_ D [( 4 be) 9K ou;
pUi ax; - ax; I:(u + O'k) axi] + ut (a){j + 4
) o ®
ax,- ax,- pg
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In these equations, C,, C; ve C; are empirical constants, while
ok Ve o, are the turbulent Prandtl numbers for the x ve ¢
equations, respectively. The symbol yu, denotes the dynamic
viscosity of the fluid. The values of these constants within the
turbulence model are specified in equations 4 and 5.

ox =1,0, =1,314,C;, = 1.44,C, = 1.92,¢, = )
0.09,c; = 0.1643

These equations represent mathematical models that
elucidate the behavior of fluids and mathematically model
turbulence effects. The continuity equation expresses the
conservation of mass for the fluid, while the momentum
equations describe the fluid's motion. The energy equation is
used to calculate the energy transformations of the fluid.

In contrast, turbulence model equations are supplementary
equations utilized to quantify turbulence effects, with
variations contingent upon the specific turbulence model in
question.

The Reynolds number is calculated as follows:

Re= Y2r %)

v

Here u represents the jet inlet velocity, Dy hydraulic diameter
of the jet, v represents the kinematic viscosity.

The Nusselt number and local Nusselt number are determined
using the following equations.

hDy,
—_n 9
Nu X €))
Therefore;
_ q Dp
N = ) (10)

In the equation, h represents the heat transfer coefficient, g
denotes the constant heat flux, k is the thermal conductivity
of the fluid, Tw represents the local temperature of the jet
surface, and T; denotes the temperature at the jet exit.

Determination of Boundary Conditions

Figure 2 illustrates the boundary conditions applied to the
defined two-dimensional geometry. Within this framework, a
custom function has been implemented in the ANSYS
software to model the jet velocity, incorporating both a
uniform velocity profile and sinusoidal pulsation.
Specifically, the jet inlet temperature is set at 298 K, while
the impingement surface is maintained at a constant
temperature of 400 K. The exit of the jet is exposed to the
surrounding environment, thereby applying a free-stream
condition.
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All other surfaces within the model are treated as adiabatic,
indicating that no heat transfer occurs across these
boundaries. This assumption streamlines the analysis by
negating the loss or gain of heat through the walls. Moreover,
the turbulence intensity at the inlet is set at 1%, which
facilitates the precise representation of the initial conditions
of the jet flow and its interaction with the impinging surface.
It is imperative that these boundary conditions are met in
order to guarantee the veracity of the numerical simulations
and to ensure the reliability of the results obtained from the
study of jet impingement behavior.
u o=, + Au, e sin ,rg.T=T‘
Adiabatic l l l l Adiabatic
o |

l—

Oulet

Figure 1. Boundary conditions

These conditions,

u=1u, +Au, *sin(ft)

@Y

T=T, (12)
The boundary conditions are employed for the purpose of
establishing the velocity and temperature conditions at the jet
inlet. The velocity equations demonstrate how the inlet
velocity varies over time in relation to a specific function,
while the temperature is assumed to remain constant, denoted
as Tc. Adiabatic no-slip wall boundary conditions are applied
to the upper walls.

T _

= - 13
v=0, T 0 (13)

It is crucial to acknowledge that the adiabatic no-slip wall
boundary condition is implemented on the upper walls,
signifying that heat transfer is not occurring at these surfaces
and that the velocity gradient at the wall surface is zero. This
boundary condition permits the transfer of momentum while
preventing the transfer of thermal energy. Consequently, the
velocity components at the wall surface are zero in the
direction parallel to the wall, which results in no heat
exchange. Such boundary conditions are frequently employed
in the context of high-speed flows and scenarios where
energy transfer is deemed to be insignificant. In accordance
with these adiabatic conditions, no energy is exchanged at the
upper wall, thereby influencing solely the momentum of the
flow. This is a crucial point for understanding the behavior
and interaction of the jet with the upper wall.

The boundary condition for the impinging surface of the
jetis as follows;
u=0,v=0T=Ty, (14)
The boundary conditions applied at the impinging surface of

the jet are defined for the velocity components (u and v) and
temperature (T). According to this boundary condition, the
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velocity components at the impinging surface are assumed to
be zero (u = 0, v = 0), indicating no-slip conditions.
Furthermore, the temperature of the impinging surface is
denoted as Ty. signifying that the surface is maintained at a
constant temperature. This boundary condition ensures that
the flow velocity is zero at the impinging surface, thereby
establishing a stationary interaction between the fluid and the
surface.

The boundary condition for the side surfaces of the geometry
is as follows;

Ju
=0

61;_0
ox

or_,
ax

e (15)
The aforementioned boundary conditions indicate that the
flow and temperature along the side surfaces of the geometry
remain constant in a specific direction, thereby suggesting
that the side surfaces are open to the surrounding
environment.

Following the model validation, an additional critical step
was undertaken: the validation of the numerical study against
existing literature. To this end, the accuracy of the numerical
study was confirmed by replicating the parameters and
features of the previous work conducted by Zumbrumen et al.
[25].

The results presented in Figure 3, which illustrate the
variation of local Nusselt numbers across the average plate,
demonstrate a high degree of consistency. It is noteworthy
that a maximum discrepancy of 7% was observed between
the local Nusselt numbers reported in the referenced study
and those obtained from the current validation model. In
conclusion, the findings demonstrate that ANSYS-FLUENT
is an effective tool for conducting the numerical analyses
planned for the subsequent phases of this research.
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Figure 2. Comparison of numerical study with literature
[25].

Results and Discussion

Figure 4 illustrates the time-dependent velocity contours for
a pulsating jet with a height-to-diameter ratio (H/D) of 4, a
Reynolds number (Re) of 7500, a frequency (f) of 20 Hz, and
an amplitude (A) of 0.5 m/s. As the jet interacts with the
surface, it immediately generates bidirectional swirling flows
and reverse vortices in the stagnation region. The vortices
undergo a process of evolution over time, exhibiting a
trajectory that is parallel to the surface in the direction of flow.
The formation of these vortices has the effect of enhancing
the coefficients of heat transfer and increasing the Nusselt
numbers.
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Figure 4. Time-dependent velocity contours of a dual
impinging nanofluid jet with H/D = 4, Re = 7500 for t =5 -
10 sn.

At the point of jet exit, the flow profile is initially uniform.
However, as the jet ascends vertically, there is a notable
change in the velocity distribution. The maximum velocity is
observed along the axis of the jet, but upon contact with the
lower plate, the velocity decreases to zero. Subsequently, the
flow undergoes horizontal acceleration along the surface,
resulting in the formation of a wall jet. Upon contact with the
surface, the jet decelerates to zero, resulting in the formation
of an internal vortex. This process ultimately results in the
formation of a smaller vortex in close proximity to the target
surface, accompanied by the emergence of another vortex in
a downstream position.
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It is noteworthy that the jet velocity does not reach zero
throughout the entire flow period, which accounts for the
limited formation of small vortices near the adiabatic wall and
heated surface [26]. With regard to Reynolds numbers, a
typical impinging jet exhibits characteristics analogous to
those of a free jet, including a stagnation or impingement
zone and a wall jet region.
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Figure 5. Time-dependent streamlines of a dual
impinging nanofluid jet with a H/D = 4, Re = 7,500 fort =5
- 10 sn.

Figure 5 illustrates the time-dependent streamlines of a dual
jet configuration. It becomes evident that the velocity within
the wall jet region increases upon impact with the impinging
surface over time. Initially, the impinged surface maintains a
constant temperature of 400 degrees Celsius. Upon impact,
the jets induce a cooling effect on the impinging surface. As
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the two jets make contact with the surface, the distance
between them widens, indicating a divergence upon impact.
Moreover, in the analyzed configuration, the adjacent jets
remain independent of one another until they reach the
impinging surface, resulting in the formation of separate
vortices within each jet. Furthermore, the impinging surface
causes the thermal boundary layer to experience peak
velocities in its upper section, resulting in the formation of
additional vortices. At the initial time point of t = 5 seconds,
the vortices are relatively small in size. However, as time
progresses, there is an observable increase in the size of these
vortices. At the point of jet exit, the velocity reverts to a
uniform profile.
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Figure 6. Time-dependent vector representation of a dual
impinging nanofluid jet with a H/D =4, Re = 7,500 fort =5
- 10 sn.
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Figure 7. Time-dependent vector representation of a dual
impinging nanofluid jet with a H/D = 4, Re = 7,500 fort =5
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Figures 6 and 7 illustrate the time-dependent vector fields for
a dual pulsating jet with a height-to-diameter ratio (H/D) of
4, a Reynolds number (Re) of 7,500, a frequency (f) of 30 Hz,
and an amplitude (A) of 0.4 m/s. Upon impacting the heated
lower surface, the formation of two counter-rotating vortices
becomes evident, resulting from confinement by the upper
adiabatic plate and the inherent sensitivity of the jet. A
symmetrical flow pattern is observed in both the flow and
thermal fields, centered around the stagnation point.

While slight variations are discernible in the vector plots
across different time intervals, the intensity of the vortices
exhibits fluctuations. In the wall jet region, an increase in
thickness is observed concomitant with a decrease in the
normal component of velocity. Moreover, as the volume
concentration of nanoparticles increases, the effective
thermal conductivity of the nanofluid rises, resulting in
enhanced cooling effects upon impingement and a more
uniform temperature distribution, thereby improving heat
transfer. Moreover, the frequency and amplitude of pulsating
in the inlet velocity contribute to a denser arrangement of
flow lines in this region, which significantly enhances heat
transfer [27].

Figure 8. shows the local Nusselt number variation as a
function of 's', the distance between the two jets in a dual-jet
setup. The study investigates how the distance between jets
affects the change in Nusselt number, with experiments
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conducted for H/D = 4 and Re = 10,000. The findings
demonstrate a direct correlation between the distance
between the jets and the efficiency of heat transfer. A closer
proximity between the jets facilitates enhanced interaction
through vortex formation, which has a beneficial impact on
the Nusselt number. Conversely, an increase in the distance
between the jets has been observed to result in a decline in the
Nusselt number.. As shown in Figure 8, the optimal local
Nusselt number is achieved when 's' is set at 100 mm,
indicating superior heat transfer performance compared to
other distances.
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Figure 9 shows the variation of local Nusselt numbers for
different nanoparticle volume concentrations for Re = 5000, f
=20 Hz, and A = 0.5 m/s. In the case of dual impinging jets,
the collision generates two distinct peaks in the Nusselt
number profile. The highest Nusselt value is observed at the
stagnation point, where the thermal boundary layer is
relatively thin, resulting in enhanced heat transfer. The
incorporation of nanoparticles at varying concentrations
markedly enhances the peak Nusselt value, suggesting an
acceleration in heat transfer rates. Moreover, an increase in
the volume concentration of nanoparticles results in a more
pronounced improvement in heat transfer. In comparison to
the scenario in the absence of nanoparticles, the Nusselt
number demonstrates an 18% increase at a 5% volume
concentration, a 16% increase at both 4% and 2%
concentrations, and a 13% increase at a 1% concentration.

80

70

0.0 0.5 L0 L5 20 25 30 35

Figure 9. Local Nusselt number variation for different
nanoparticle volume concentrations for H/D =4 and Re =
5,000.
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Figure 10 illustrates the impact of varying frequencies on the
local Nusselt numbers for a dual impinging jet, with a
Reynolds number of 7500 and an acceleration coefficient of
0.5 m/s. The occurrence of pulsating flow results in
acceleration and elevated speeds, which contribute to
augmented heat transfer due to the fact that a fluid with
greater velocity carries more energy and interacts with the
surface in a more efficacious manner. Pulsating flow has the
potential to alter the temperature distribution by facilitating a
more rapid and intense mixing between regions of differing
temperatures, thereby promoting a more uniform temperature
profile. These dynamics are of critical importance in the
observed enhancement of heat transfer in pulsating flows.
Pulsations facilitate more efficient mixing, enhance energy
transport through accelerated fluid movement, and influence
temperature distribution, ultimately leading to heightened
heat transfer rates. It can be concluded that pulsating flow has
a considerable effect on thermophysical performance and
heat transfer efficiency [28], [29]. The data analysis indicates
that the most substantial enhancement in heat transfer on the
impinging surface occurs at a frequency of 30 Hz. A
comparison of frequencies at 10 Hz and 30 Hz indicates a
10% increase in heat transfer efficiency. It can thus be
concluded that pulsating jets with higher frequencies enhance
heat transfer performance in the wall jet region, resulting in a
more uniform heat distribution on the target surface,
particularly in the vicinity of the stagnation point [26].
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Figure 10. Local Nusselt number variation for different
frequencies in a dual impinging jet with Re = 7500 and
amplitude A = 0.5 m/s.

Figure 11 illustrates the variation in local Nusselt numbers for
different amplitudes, with Re = 7500 and f = 20 Hz. While the
results for all amplitudes are relatively similar, the amplitude
of 0.5 m/s exhibits superior performance due to its wider
distribution across the impinging surface. The pulsating flow
enhances mixing, increases energy transport through
accelerated fluid movement, and modulates temperature
distribution, resulting in improved heat transfer rates.
Therefore,  pulsating  flow  significantly  impacts
thermophysical performance and heat transfer efficiency
[28], [29].
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Conclusion

In this study, the flow dynamics and heat transfer interaction
in double-pulsed jets are investigated, focusing on key factors
such as jet geometry, vibration frequency, amplitude,
nanoparticle concentration and Reynolds numbers. Using
advanced numerical simulations in ANSYS, the research
investigates how these parameters affect the thermal and flow
properties of pulsating nanofluid jets.

This study systematically analyses the impact of diverse
factors on the performance and characteristics of double
impinging jets, with a particular focus on the crucial interplay
between flow dynamics and heat transfer efficiency. The
research employs advanced numerical simulations with
ANSYS to assess the influence of double impinging
nanofluid jets across a defined range of Reynolds numbers.
This comprehensive analysis encompasses a multitude of
parameters, including jet geometry, pulsating frequency and
amplitude, nanoparticle volume concentrations, and
Reynolds numbers.

The time-dependent velocity contours of the pulsating jet
demonstrate that as the jet makes contact with the surface,
bidirectional swirling flows and reverse vortices are
produced. These vortices expand and follow parallel paths
along the flow direction, resulting in an increased heat
transfer coefficient and elevated Nusselt number. The
formation of wall jets is observed as the flow transitions from
its initial smooth profile at the jet's exit. While the highest
velocity is observed at the jet's axis, the impact with the
surface results in deceleration and the formation of internal
vortices, which contribute to the development of horizontal
wall jets along the surface.

The frequency and amplitude of pulsating jets significantly
influence heat transfer efficiency. Higher frequencies, such as
30 Hz, have been observed to result in a 10% improvement in
heat transfer compared to lower frequencies like 10 Hz. This
enhancement is attributed to improved flow dynamics and
more uniform heat distribution facilitated by pulsation and the
generation of associated vortices. Additionally, the
concentration of nanoparticles plays a crucial role in heat
transfer performance. For instance, a 5% volume
concentration of nanoparticles led to an 18% increase in the
Nusselt number compared to cases without nanoparticles,
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highlighting the potential of nanoparticle augmentation to
enhance heat transfer efficiency.

It would be beneficial to gain an understanding of the
characteristics of the thermal boundary layer in order to
elucidate the relationship between Reynolds numbers and
heat transfer. It seems that an increase in Reynolds number
may result in a reduction in the thickness of the boundary
layer, thereby enhancing the rate of heat transfer.

It has been observed that the stagnation point exhibits peak
Nusselt values due to the thin boundary layer, whereas
regions devoid of vortices display lower Nusselt values. The
spacing between dual impinging jets is identified as a critical
parameter influencing heat transfer performance. Smaller
distances between jets enhance vortex interactions,
promoting more effective heat transfer, while larger
separations weaken these interactions and reduce overall
efficiency. This study establishes that an optimal spacing of
approximately 100 mm vyields the best heat transfer results,
underscoring the importance of jet configuration in
optimizing heat distribution and thermal efficiency.
Moreover, the findings emphasize the need to optimize key
parameters, including frequency, amplitude, nanoparticle
volume concentration, and jet spacing, to significantly
improve heat transfer and thermophysical performance across
various applications.
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Introduction

Hat-profile structural elements are of critical importance in
the design of thin-walled structures in engineering,
providing stability under a variety of loading conditions.
One of the most notable characteristics of these structures is
their capacity to combine lightweight properties with high
strength. Hat profiles are commonly employed in fields
such as aerospace, automotive, marine, and construction, as
they effectively distribute forces across a wide surface area.
These elements demonstrate high resilience against impact
loads, rendering them particularly well-suited for critical
functions such as energy absorption in the event of a
collision. The utilization of such profiles in aircraft
fuselages, wing structures and rocket components is
intended to ensure the maintenance of structural integrity
while simultaneously reducing weight. The aforementioned
structural elements in aircraft fuselages serve to enhance
resistance to dynamic loads, including pressure, tension,
and impact, which are experienced during flight [1]-[3]. In
the automotive industry, hat-shaped profiles are employed
in the construction of chassis structures and in the context
of crash testing scenarios. Their function is to absorb impact
energy, thereby enhancing passenger safety [4]-[6]. One of
the most significant engineering challenges faced by hat-

shaped structural elements is that of buckling. Buckling
occurs when a structure loses stability under axial loads,
resulting in sudden deformation, which can be particularly
hazardous for thin-walled structures. It is of paramount
importance to enhance the resistance of structural elements
to buckling in order to ensure safety and efficiency. The
buckling process is typically analyzed in three stages: pre-
buckling, critical buckling and post-buckling. In the pre-
buckling stage, the structure displays elastic behavior in
response to the applied load and remains stable. Upon
reaching the critical buckling stage, the structure
experiences a sudden loss of stability, resulting in the onset
of deformations. In the post-buckling stage, the structure
may continue to bear loads, but the deformations that occur
at this stage are permanent and significantly impact the
structure's durability. In sectors such as aerospace and
automotive, the load-bearing capacity of a structure
following buckling is regarded as a pivotal aspect of the
design process [7], [8]. The curvature angle of hat-shaped
structural elements represents a pivotal parameter that
exerts a direct influence on the buckling behavior of such
elements. Variations in curvature angle have a direct impact
on both the critical buckling load and the post-buckling
load-bearing capacity of the structure. In a study conducted
by Masood et al., the post-buckling behavior of thin
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composite stiffened panels employed in the construction of
aircraft fuselages was subjected to experimental
investigation. The buckling and post-buckling performance
of thirteen panels, designed with various stiffener
configurations (T-type, I-type, and J-type), were examined
in order to gain insight into the effects of these
configurations on the panels' structural behavior [9]. The
buckling and post-buckling behaviors of composite panels
with M-type stiffeners were investigated by Liu et al. The
mechanical stabilities of panels commonly used in aircraft
were determined using optical measurement methods and
the finite element method [10]. In a study conducted by
Wang et al., the stability behaviors of hat-stringer stiffened
composite panels were examined both experimentally and
through numerical analyses. Two test panels were
produced, and the buckling load and ultimate load-carrying
capabilities of these panels were determined numerically
and compared with experimental results [11]. Hou et al.
conducted impact tests on hat-shaped T-joints with weights
dropped at three different impact velocities. A nonlinear
finite element analysis was conducted to predict the damage
and energy dissipation characteristics [12]. The buckling
and post-buckling behaviors of hat-stringer reinforced
composite flat panels subjected to axial compression were
investigated by Mo et al. Based on the experimental data,
the stability and deformation processes of the reinforced
panel and the hat-stringer were analyzed. To assess the
suitability of the hat-stringer section, five different models
were evaluated using ABAQUS software [13]. The effects
of curved surface composites under impact loads were
investigated in a study by Albayrak et al., with a particular
focus on their impact on energy dissipation [14]. Hat-
shaped structural elements demonstrate high durability not
only against axial loads but also against impact and pressure
loads. In particular, these profiles are effective in absorbing
impact energy while maintaining structural stability in
aircraft fuselages. The accurate analysis of both buckling
and post-buckling behaviors is essential for ensuring
structural stability.

In this context, a precise understanding of the effects of
curvature angle is essential for the optimization of
structures. In this study, the buckling and post-buckling
behaviors of hat-shaped samples with three different
curvature angles were investigated numerically using the
same geometries employed in the work by Albayrak et al.
[14]. Subsequent to the buckling analysis, a post-buckling
analysis was conducted to ascertain the load-carrying
capacity of the structures in question following the buckling
event. Nonlinear analyses conducted using ANSYS
Workbench  software facilitated a comprehensive
assessment of the influence of curvature angle on structural
performance.

Material and Method

This study examines the buckling behavior and post-
buckling responses of hat-shaped structural elements under
varying curvature angles through the use of numerical
methods. The profiles under examination are defined by a
hat-shaped geometry, which is a prototypical example of
thin-walled structures, and were analyzed using a nonlinear

material model. This section presents the sample geometry,
material properties, boundary conditions, and the applied
numerical analysis methods.

Model Geometry and Material Properties

In the study, hat-shaped models with a fixed sample width
(w = 150 mm), fixed wall thickness (t = 1 mm), and fixed
sample height (h = 25 mm) were examined. The length of
the samples was fixed at [ = 200 mm, and three distinct
curvature angles were employed. For illustrative purposes,
the model geometry is depicted in Figure 1. The numerical
analysis was conducted using the Aluminum Alloy NL
material, which is available in the ANSYS Workbench
library. The selected material's mechanical properties are
presented in Table 1.

Table 1. Mechanical properties of Aluminum Alloy NL

[15]
Material properties Value
Density (kg/m®) 2770
Young’s Modu 7.1E+10
lus (Pa)
Poisson’s Ratio 0.33
Bulk Modulus (Pa) 6.9608E+10
Shear Modulus (Pa) 2.6692E+10
Yield Strength (Pa) 2.8E+08
Tangent Modulus (Pa) 5E+08

Numerical Analysis and Boundary Conditions

Transformations in the deformation characteristics of
numerous elements subjected to loading can result in the
destabilization of the deformation state, thereby prompting
the system to seek a new stable state. The stable state of a
system is defined by its capacity to predict the post-
deformation condition, whereas an unstable state is
characterized by uncertainty following deformation. The
analysis of perfect plates is conducted within the framework
of the theory of small deformations, with the assumption
that there is no midplane deformation of the plate element
due to loading. In contrast, imperfect plates are examined in
accordance with the "Great Deformation Theory of Plates,"
as developed by Von Karman. This theory takes into
account the shape changes occurring in the midplane of the
differential element during the analysis. In this study, an
eigenvalue buckling analysis was conducted to determine
the critical buckling loads for the first ten modes of the
models. The boundary conditions employed in the analysis
are depicted in Figure 2. The results of the analysis yielded
load multiplier values for the first ten modes, which were
then employed in the calculation of critical buckling loads
using the following equation:
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Fig. 1. Model geometries a) dimensions [14] b) solid model

Critical buckling load (N) = Load multiplier * Force
applied (N)

In this study, a post-buckling analysis of a hat-shaped plate
was conducted using the ANSYS Workbench. A nonlinear
buckling analysis was conducted using both the static
structural and eigenvalue buckling modules. The results of
a previous eigenvalue buckling analysis of the stiffened
plate were incorporated into the static structural module to
investigate post-buckling behavior. A displacement range
of 1 mm was applied to analyses the post-buckling response
and identify the load at which collapse occurs. In the course
of the analysis, the scale factor value was selected to be
0.004. The boundary conditions utilized in the numerical
analysis are illustrated in Figure 3.

Results and Discussion

The buckling analysis revealed that the buckling behaviors
of the three models differed due to their distinct geometric
properties. Model A exhibited a more uniform and
centralized buckling shape due to its wide upper surface
(127.77 mm) and large curvature angle (66.03°). In the
initial mode, the distribution of buckling exhibited greater
uniformity, whereas higher modes demonstrated a tendency
towards localized deformation. Model B, with a narrower

upper surface (105.55 mm) and a lower curvature angle
(48.36°), exhibited a more intricate and undulating buckling
behavior. The fluctuations observed from the third mode
onward indicate that this structure was subjected to greater
localized deformation due to its lower curvature angle.
Model C, distinguished by the narrowest upper surface
(83.33 mm) and the lowest curvature angle (36.87°),
exhibited the most intricate buckling behavior. In the initial
mode, smaller cellular structures were observed, while
pronounced fluctuations occurred in subsequent modes.
This outcome demonstrates that the low curvature angle and
narrow upper surface result in heightened localized
deformation during buckling.

Figure 5 presents a comparative graph of the critical
buckling loads obtained for the initial ten modes following
the non-linear buckling analysis. Upon examination of the
variation in critical buckling loads among the modes, a
distinct trend difference is observed. In the initial three
modes, Model C exhibits the highest buckling loads.
However, as the modes progress, this ranking shifts to B >
A > C. The observation that Model C, which has the
smallest curvature angle, endures higher buckling loads in
the initial three modes suggests that structures with lower
curvature angles demonstrate enhanced rigidity and
resistance to minor deformations.
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Fig. 2. Eigenvalue Buckling analysis boundary conditions
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Fig. 3. Post-buckling analysis boundary conditions
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Mode 3

Mode 4 Mode 5

Fig. 4. The first 5 mode shapes of models A, B and C

The Model A's larger curvature angle results in a more
flexible structure, enabling it to withstand lower buckling
loads. In the fourth mode, Model B demonstrates superior
performance, which can be attributed to its medium
curvature angle. The occurrence of complex buckling
modes serves to elucidate the stability conditions operative
in disparate regions of the structures. During this phase,
while Model C's high performance in the initial modes
declines, Model B maintains a more balanced performance.
In the fifth and tenth modes, it has been determined that the
large curvature angle of Model A contributes to its greater
resilience against buckling. As advanced modes represent
complex buckling modes, larger curvature angles facilitate
a more uniform distribution of the buckling load, thereby
enabling Model A to withstand higher buckling loads.
These findings demonstrate that the mode number and
curvature angle have a complex interaction with regard to
buckling loads, underscoring the importance of considering
these loads in different modes during the structural design
phase to ensure the creation of optimized and safe
structures.

The load-end shortening graph, obtained from the post-
buckling analysis, is presented in Figure 6. Upon
examination of the graph, it can be observed that the initial
increase in load corresponds to a linear relationship with the
shortening of the end section, indicating that the structure is
operating within its elastic region. This demonstrates that

the structural element functions elastically, and as the load
magnitude increases, the deformation also increases in
proportion.

This linear relationship persists up to a load value of
approximately 4000 N, after which a nonlinear behavior is
observed. This suggests that the structural element has
exceeded its elastic limit and is approaching a state of
instability. At this point, the stability of the structure is
compromised, and deformation accelerates. It is noteworthy
that the load reaches its peak between 0.6 and 0.7 mm and
then begins to decline. This indicates that the critical
buckling load has been exceeded, resulting in a transition to
an unstable state. The observation that increases in load
result in significant deformations despite minimal changes
indicates a reduction in the structure's rigidity and a
complexity in post-buckling behavior.

Notwithstanding the geometric discrepancies among the
models, the load-deformation behaviors remain largely
analogous, thereby indicating that the models do not exhibit
appreciable differences in overall stability and rigidity. The
maintenance of fundamental geometric parameters, such as
base width and height, has been identified as a primary
factor influencing the resistance to buckling. Nevertheless,
alterations in the radius of curvature have led to minor
discrepancies in peak load capacity and slight divergences
in post-buckling behavior.
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Conclusion elements, modeled using aluminum alloy NL with varying

geometric properties, have been investigated in detail. The

Buckling represents a significant factor affecting structural  fjngings of the study can be summarized as follows:

stability and is a critical design parameter, particularly in

the context of thin-walled structures. The buckling capacity +  Structures with a large curvature angle
of structures is contingent upon not only the material demonstrate a more uniform buckling behavior, whereas

properties but also the geometric parameters. Accordingly,
the impact of geometric variables, including curvature angle
and upper surface width, on the buckling behavior of
structures has prompted the present investigation. In this
study, the buckling behaviors of hat-shaped structural

models with a low curvature angle exhibit more intricate
and localized deformations.

. The results of the analyses conducted on hat-
shaped structural elements with different curvature angles
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demonstrate that the curvature angle has a significant
influence on both the buckling load and the post-buckling
behavior.

. In the initial three modes, Model C displays the
highest buckling loads. However, as the mode number
increases, Model B demonstrates a more balanced
performance. This suggests that the influence of curvature
angle on buckling loads is mode-dependent.

«  Asthe modes progress, it has been determined that
Model A's wider curvature angle distributes the buckling
load more uniformly, thereby enabling it to withstand
higher buckling loads.

* In the post-buckling analyses conducted, the load-
deformation curves obtained for the three models exhibited
similarities. Despite the presence of geometric differences,
all models demonstrated linear behavior up to
approximately 4000 N, followed by a nonlinear transition.
While minor deviations in peak load values were observed
due to slight differences in curvature angle, the overall
behaviors remained largely similar.

The findings of this study offer substantial insights with
practical implications for engineering disciplines such as
aeronautical and automotive engineering. In particular,
within the field of aviation, the optimization of curvature
angle has the potential to facilitate the creation of aircraft
fuselages and wing structures that are both lightweight and
durable. In the automotive industry, the determination of
design parameters with the objective of enhancing energy
absorption capacity can be of paramount importance with
regard to crash safety.
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Son yillarda, kdmiir madenciligi teknolojisi biiyiikk 6l¢iide mekanize edilmis, bu da iretilen komiirde
onemli oranda ince komiir igerigine neden olmustur. ince komiirlerde temizlenmeden dogrudan
kullanildiginda ciddi hava kirliligine ve kati atiklara yol agarak ¢evre i¢in bilyiik bir risk olusturabilir. Bu
nedenle, ince komiiriin kullanilmadan 6nce temizlenmesi ¢ok 6nemlidir. Yag aglomerasyonu, ince boyutlu
komiirlerin temizlenmesinde kullanilan yontemlerden biridir. Ancak, bu yontemde kullanilan yag
miktarinin fazla olmasi nedeniyle yontem genellikle ekonomik olarak uygun goériilmemektedir. Bu sorunu
¢6zmemin yolu, yontemde baglayici olarak kullanilacak yagimn sisteme emiilsifiye edilerek verilmesi veya
baglayici olarak atik yaglarin kullanilmasi olabilir. Yaglarin sisteme emiilsifiye edilerek verilmesi
yontemde kullanilan yag miktarini azaltabilir. Boylelikle yontemin en biiyiik dezavantaji olan yag maliyeti
azaltilabilir. Son yillarda yaglarin emiilsifikasyonunda ultrasonik dalgalar kullanilmaya baslanmistir. Bu
caligmada, ¢ok ince boyutlu yiiksek kiil-kiikiirt icerikli komiir bitkisel atik yag ile aglomerasyon islemine
tabi tutulmustur. Atik yag emiilsifiye edilerek ve emiilsifiye edilmeden aglomerasyon deneyleri yapilmis
olup elde edilen sonuglar karsilagtirilmistir. Ultrasonik cihazla emiilsifiye edilen atik yag (%10 yag
miktar1) ile aglomerasyon deneyi yapildiginda en yiiksek yanabilir verim degeri %93,46 olarak elde
edilmigtir. Atik yag emiilsifiye edilmeden yapilan aglomerasyon deneyinde ise yanabilir verim degeri
%82,87 olarak bulunmustur. Kiil giderimi degerleri ise %39,17-46,92 arasinda degismistir.
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In recent years, coal mining technology has been largely mechanized, resulting in significant fine coal
content in the coal produced. Direct use of fine coals without cleaning can lead to serious air pollution and
solid waste, posing a major risk to the environment. Therefore, it is very important to clean fine coal before
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oil used in this method, the method is generally not economically viable. The way to solve this problem is
to emulsify the oil to be used as a binder in the method or to use waste oil as a binder. Emulsifying the oils
into the system can reduce the amount of oil used in the method. Thus, the oil cost, which is the biggest
disadvantage of the method, can be reduced. In recent years, ultrasonic waves have been used in the
emulsification of oils. In this study, very fine sized coal with high ash-sulfur content was subjected to
agglomeration process with vegetable waste oil. Agglomeration experiments were carried out with and
without emulsifying waste oil and the results obtained were compared. When the agglomeration
experiment was performed with waste oil emulsified with ultrasonic device (10% oil content), the highest
combustible recovery value was 93.46%. In the agglomeration experiment without emulsifying the waste
oil, the combustible recovery value was 82.87%. Ash rejection values ranged between 39.17-46.92%.
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Giris

Komiir, en énemli enerji hammaddelerinden biridir. Temiz
komiir iiretimi, komiiriin kullanimi i¢in ¢ok dnemli olmakla
birlikte sadece komiir kullanimi verimlili§ini artirmakla
kalmaz ayni zamanda ¢evreye zarar verebilecek maddelerin
emisyonunu da azaltir. Mekanize edilmis kdmiir madenciligi
teknolojisi ile komiir {iretimi yapilirken 6nemli miktarda ince
komiir ortaya ¢ikmakta olup bu komiirlerin kil igerikleri

yiksek  olabilmektedir. Dolayisiyla bu  komiirlerin
kullamlmadan 6nce temizlenmesi gerekmektedir [1]. Ince
komiirlerin  temizlenerek ekonomiye kazandirilmasinin

avantajlari, temizlenmemis haldeki cevresel riskleri goz
ontinde bulunduruldugunda, ince komiirlerin giliniimiizde
temizlenerek degerlendirilmesinin ¢ok 6nemli oldugu ortaya
cikmaktadir [2]. Flotasyon ve yag aglomerasyonu yontemi
ince boyutlu kdmiirlerin temizlenmesinde kullanila bilen iki
tekniktir. Ancak, flotasyonundan farkli olarak, yag
aglomerasyonu yontemi 400 mesh'in altindaki komiirlerde,
diisiik kaliteli ve oksitlenmis komiirlerin temizlenmesinde
etkin bir sekilde kullanilabilen bir tekniktir. Yag
aglomerasyon prosesinin diger avantajlari arasinda komiir
kazanimini kolaylastiran aglomeratlarin olusmasi, islemin
basitliligi [3], diisiik nem ve disiik kiikiirt igerigine sahip
iirtinler olusturmasi bulunmaktadir [4]. Bu yiizey 6zelligine
dayali teknik, karigtrma altinda komiir-su piilpiine
karigmayan yag ilavesini igerir ve aglomeratlarin elde
edilmesi ile sonuglanir. Islem sirasinda, hidrofilik mineral
madde su fazinda kalarak aglomeratlardan ayrilir. Bu
teknigin komiir tiirii, komiir tane boyutu, kati orani, yag tiirii,
yag dozaji, karigtirma hizi, aglomerasyon siiresi, sicaklik, pH
ve ultrasonik islem gibi bir dizi faktorden etkilendigi
bulunmustur [3].

Komiiriin yag aglomerasyonu yonteminde gaz yagi, mazot ve
bitkisel yaglar baglayict olarak kullanilabilir [5]. Yontemde
baglayict olarak kullanilan yaglarin  maliyeti yag
aglomerasyon siirecinin en biiyiik engelleyici yonidiir [2],
[6],[7]. Bir ince komiir aglomerasyon prosesinin ekonomik
uygulanabilirligini etkileyen ana faktor saf yag baglayicinin
maliyetidir. Basarili bir aglomerasyon prosesi i¢in agirlik¢a
%10-20'lik bir dozaj gereklidir. Kesin dozaj elbette kdmiir
beslemesinin 6zelliklerine baglidir, ancak her durumda
aglomeratlar i¢gindeki bosluklar1 doldurmak ve bir dereceye
kadar hidrofobik partikiillerin yiizey kaplamasini saglaya
bilmek i¢in yeterli baglayict hacmi mevcut olmalidir. Kapiler
durum olarak bilinen bu doymus durum, aglomerat
mukavemeti ve kiireselligi agisindan onemlidir. Agirlikca
%10-20'nin  altindaki dozajlarda aglomeratlarin yapisal
biitiinliigliniin saglam olmamas1 aglomeratlarin kazanilmasi
esnasinda parcalanmalara neden olabileceginden proses
verimini diigiirebilir [6].

Yag aglomerasyonu yonteminde baglayict  olarak
kullanilabilen yaglar, suda c¢dziinemediklerinden ve de
oldukga fazla viskozitelerinden otiirii komiir taneleri ile temas
kurmalari oldukg¢a zordur. Bununla birlikte, yaglarin kémiir-
su karigimina emiilsifiye edilmeden verilmesi durumunda
daha az verim elde edilebilecektir. Bundan dolayi, yag
aglomerasyonunda kullanilacak yaglarin emiilsifiye edilerek
sisteme ilave edilmesi verimin arttirilmast agisindan
onemlidir. Yaglarmn emiilsifiye edilmesi mekanik karigtirma
ile yapilabilmektedir. Ancak, mekanik karistirma ile yaglarmn
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emiilsifiye edilmesi genellikle stabil olmamakta ve istenen
damlacik boyutu elde edilememektedir [8]. Bununla birlikte,
ultrasonik islemle emiilsiyonu stabilize etmek ve istenen
damlacik boyutuna ulagsmak miimkiindiir. Emiilsiyonun
ultrasonik islemi sirasinda, kabarciklarn ani ¢okiisi
nedeniyle kavitasyon meydana gelir ve bu da mikro
tirbiilansin gelismesine neden olur. Sonug olarak, su ve yag
arasindaki arayiizey gerilimi azalir ve daha biiylik yag
damlaciklar1 daha kiigiik kararli damlaciklara boliiniir. Bu,
kiicik boyutlu emiilsiyon damlaciklar1  olusturarak
emiilsiyonu daha kararli hale getirerek siirecin verimliligini
artirir [9].

Yaglarin emiilsifikasyonunda ultrasonik dalgalar etkili bir
yontem olarak benimsenmis ve bu konuda c¢aligmalar
yaptlmistir [10]-[13]. Emiilsiyon, bir sivinin karigmadig
bagka bir sivi i¢inde ince bir sekilde dagilmasidir [14].
Ultrason uygulamasi emiilsifikasyon icin gerekli enerji
girdisini saglayabilir. Ultrason ile mikron boyutundan mikron
alt1 boyuta kadar yag damlaciklar1 olusturmak miimkiindiir.
Yaglarin ultrason destekli emiilsifikasyonunda, daha kiigiik
damlacik boyutu, ortamda homojen dagilma, geligmis
stabilite, daha diisiik gii¢ gereksinimi gibi avantajlar ortaya
cikmaktadir [15]. Bu nedenle ultrason, su iginde yag
emiilsiyonlar1 olusturmak i¢in yaygin olarak kullanilmaktadir
[13].

Sahinoglu ve Uslu [16] ¢alismalarinda yagin ultrasonik
cihazla emiilsifiye edilerek baglayici olarak kullanildig: yag
aglomerasyonu deneyinde -0,5 mm tane boyutundaki
komiiriin temizlene bilirligini aragtirmislar. Yagin emiilsifiye
edilerek yapilan aglomerasyon deneyinde kdmiirden kiil ve
kiikiirt giderme isleminin daha basarili oldugunu
bulmuslardir. Bununla birlikte yanabilir verim iizerinde
olumsuz etkisi oldugunu belirtmislerdir. Yanabilir verim
tizerindeki olumsuz etkisinin ultrasonik islem ile ¢ok kiigiik
boyuta indirilen yag damlaciklariin ¢ok daha iri boyutta olan
komiir tanelerini basarili bir sekilde aglomera edemedigini,
bu olumsuz etkinin ise komiriin daha ince boyutlara
indirilmesiyle ortadan kaldirila bilecegini rapor etmislerdir.
Netten vd. [6] arastirmalarinda biiyiik ¢ogunlugu 100 mikron
altinda olan bitimli kOmiirin emiilsifiye edilmis ve
emiilsifiye edilmemis yaglarla aglomera edilebilirligini
aragtirmiglar. Arastirmalarinda, emiilsifiye edilmis yagin ince
komiirii emiilsifiye edilmemis yaga gore 17 kat daha hizhi ve
10 kat daha az yag ile aglomera edebildigini bulmuslardir.
Yadav vd. [17] farkli sektorlerden elde edilen atik yaglarin
komiirin -~ yag  aglomerasyonunda  baglayici  olarak
kullanilabilirligini arastirmiglar. Bu amagla atik soya yagi,
attk motor yag1 ve atik trafo yag kullanmiglar.
Calismalarinda, farkli sektdrlerden elde edilen atik yaglarin,
yikayicidan atilan komiir atifi bulamacindan komiir ince
tanelerinin zenginlestirilmesi ve geri kazanilmasi igin
kullanilabilecegini bulmuslardir. Shukla ve Venugopal [4]
calismalarinda yag aglomerasyonu yontemiyle ince komiiriin
temizlenmesinde atik hardal yaginin baglayict olarak
kullanilabilirligini arastirmislar. Atik hardal yagmin baglayict
olarak ince komiirlerin yag aglomerasyonunda basarili bir
sekilde kullanilabilecegini bulmuslardir. Yasar vd. [18]
komiir yikama tesisi atiklarindaki ince komiirii geri kazanmak
icin yag aglomerasyonu yontemini kullanmislardir.
Yontemde baglayici olarak kullandiklar atik aycicek yagmnin,
komiir yikama tesisi atiklarindan ince komiir geri
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kazaniminda diisiik maliyetli yag aglomerasyonu uygulamasi
i¢in iyi bir se¢im oldugunu bulmuglardir. Esmeli [19] yag
aglomerasyonunda, ince komiiriin atik motor yagiyla
ultrasonik islem kullanarak temizlene bilirligini arastirmistir.
Ultrasonun kdmiiriin yag aglomerasyonu tizerindeki etkisini,
On islem agamasinda ve aglomerasyon agsamasinda kullanarak
belirlemistir. On islem veya aglomerasyon asamasinda
ultrasonun uygulanmasinin, komiiriin yag aglomerasyonu
siirecini onemli &lgiide etkiledigini belirtmistir. On islem
asamasimnda  ultrason  kullaniminin ~ komiirin =~ yag
aglomerasyonunu iyilestirdigini, ancak aglomerasyon
asamasinda ultrason kullaniminin yanabilir verim degerini
azalttigini rapor etmistir. Esmeli [20] Ilgin linyit komiiriiniin
yag aglomerasyonunda ultrasonik islemin etkisini
aragtirmigtir. Aragtirma sonucunda, ultrasonik sistemin gii¢
degerinin artisinin komiiriin kil igerigini azalttigimi, ancak
yanabilir verim degerlerinde ise negatif etki -ettigini
bulmustur.

Yag aglomerasyonu yonteminde baglayici olarak kullanilan
yagin miktar1 ve maliyeti siirecinin en biiyilk engelleyici
yoniidiir. Ince komiir aglomerasyonunun ticari bir basariya
ulagsmasi i¢in yag miktarinin ve dolayistyla maliyetinin
onemli Olgiide azaltilmasi gerekmektedir. Bu baglamda,
yontemde kullanilacak olan baglayicinin sisteme emiilsifiye
edilerek verilmesi kullanilacak yag miktarini azaltabilir. Atik
yaglarinda yontemde baglayict olarak kullanilmasi yag
maliyeti anlamimda ¢ok biiyiik katkilar saglayabilir.
Kullanilacak olan gerekli yag miktarim azaltmak ve atik
yaginda yontemde kullanilmast  ekonomik  olarak
uygulanabilir bir aglomerasyon prosesi ¢ok onemlidir. Bu
calismada, yiiksek kiil-kiikiirt igerikli ¢ok ince boyutlu
Miizret komiirii yag aglomerasyonu yontemi kullanilarak
bitkisel atik aycicek yagi ile aglomera edilmistir. Yontemde
kullanilacak olan baglayicinin miktarini azaltmak i¢inde atik
yag ultrasonik islem ile emiilsifiye edilerek sisteme
verilmistir. Bu ¢alisma, yiiksek kiil-kiikiirt iceren ¢ok ince
boyutlu komiiriin kullanimi, atik yagin baglayici olarak
etkinligi ve atik yagin emiilsifikasyon yoluyla uygulanmasi
ile benzer galigmalardan farklilik gostermektedir. Elde edilen
sonuglar yanabilir verim, kiil giderimi ve verim indeksi
agisindan karsilastiriimistir.

Materyal ve Metot

Yaklagik 100 kg komiir numunesi Miizret (Artvin-Yusufeli)
bolgesinden alinmistir. Laboratuvara getirilen komiir
numunesinin miktar1 uygun yontemler kullanilarak azaltilmis
ve boyut kiigiiltme iglemine tabi tutulmustur. Boyut kii¢iiltme
islemi c¢eneli kirici, merdaneli kirici, gubuklu ve bilyali
degirmen kullanilarak yapilmistir. Elde edilen malzemenin
tane boyut dagilimi Malvern Mastersizer (Hydro 2000MU)
cihaz1 ile belirlenmis olup d10=3,29 pm, dz=6,11 pm,
dso=19,57 um, dgo=43,47 pum, dgo=58,65 um’dir. Komiir
numunesi tane boyut dagilmi Sekil 1°de goriilmektedir.
Komiir numunesinden alinan temsili 6rnekler ile kimyasal ve
mineralojik analizler yapilmistir. Kémiiriin nem, kiil, piritik
kiikiirt, stilfat kiikiirt ve kalorifik deger analizleri yapilmistir.
Analiz degerleri Tablo 1’de verilmistir. Miizret komiiriiniin
yiiksek kiil-piritik kiikiirt igerdigi belirlenmistir. Yapilan X-
151 difraktometresi (XRD) analizinde pirit, kaolinit,

901

montmorillonit, illit, kalsit, jips ve kuvars minerallerinin
komiirle birlikte bulundugu belirlenmistir (Sekil 2).

100
;\3 90
~ 80
70

Kiumiulatif elek alt

40
Tane boyutu (pm)

60 80

Sekil 1. Kémiir numunesi tane boyut dagilimi

Tablo 1. Komiiriin analiz degerleri

Bilesenler Havada Kuru Kuru
Nem (%) 2,25 -
Kiil (%) 34,85 35,65
Siilfat Kiikiirt (%) 0,99 1,01
Piritik Kiikiirt (%) 5,44 5,57
Kalorifik Deger (kcal/kg) 4970 5084
(Ust Is1l Degeri)
120
| P: Pirit J: Jips
100 Q K: Kaolinit Q: Kuvars
M: Montmorillonit
% 80 4 I: illit
5 C: Kalsit
2 60 -
3
P 40 A
20 A
0 : : : : : : : : : : ‘
5 10 15 20 25 30 35 40 45 50 55 60

20 (Derece)

Sekil 2. Kémiir numunesinin XRD grafigi

Deneylerde baglayici olarak, kizartma amaciyla kullanilip
atik yag toplama kaplarinda biriktirilmis olan bitkisel atik
aycicek yagi kullanilmistir. Atik yag icerisindeki gida
pargalarim1 uzaklagtirmak igin filtreleme islemine tabi
tutulmustur. Daha sonra herhangi bir ek islem yapilmadan
dogrudan kullanilmistir. Deneylerde kullanilan bitkisel atik
aycicek yagi Sekil 3’de goriilmektedir. Viskozitesi ve
yogunlugu sirastyla 35.81 mm?/s ve 0.91 gr/icm®dir. Yagm
viskozitesi Tanaka AKV-202 tipi viskometre ile 40 °C’de,
yogunlugu ise Alla France tipi hidrometre ile 23.8 °C’de
belirlenmistir. Yagin emiilsifiye edilerek sisteme verildigi
deneylerde bitkisel atik ay¢igek yaginin emiilsifikasyonu igin
ultrasonik islem kaynagi olarak laboratuvar tipi (750 watt
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giiclinde, 20 kHz frekansinda) ultrasonik cihaz (Cole-Parmer)
kullanilmistir.

Sekil 3. Deneylerde kullanilan bitkisel atik aygicek yagi

I1k olarak, ultrasonik emiilsifikasyon asamas1 olmaksizin yag
aglomerasyon deneyleri gerceklestirilmistir. Yag
aglomerasyon deneyleri silindirik cam kapta (11,7 cm
capinda) gerceklestirilmistir. Kap igerisine dort adet plastik
levha yerlestirilmistir. Karigtirma islemi RZR 2021 tipi
mekanik karistiric ile gerceklestirilmigtir. Deneylerde saf su
kullanilmistir. Deneyler %10 kati oraninda 50 g komiir
kullanilarak yapilmistir. Baslangigta, komiir-su karisimi (450
ml suda 50 g komiir) 3 dakika boyunca 1200 devir/dakika'da
sartlandirilmistir.  Daha sonra baglayict olarak komdiir
agirliginin %10 atik aygicek yagi (5g) eklenmis ve komiir-su-
yag karisimi 1200 devir/dakika’da 10 dakika daha
karistirtlmistir. Calismada atik aygigek yagi miktarinin %10
secilmesi yazarn daha Once yapmis oldugu ¢alismadan
yararlanilarak belirlenmistir [21]. Deneyler, komiir-su-yag
karigimmimn dogal pH'inda (pH: 5,36) gergeklestirilmistir.
Aglomerasyondan sonra piilp, olusan aglomeratlari, su ve
atiklardan ayirmak i¢in 63um agikliga sahip bir elege
aktarilmistir. Aglomeratlarla birlikte kalmis olabilecek
mineral maddeleri uzaklagtirmak i¢in de aglomeratlar 1,5 litre
su ile dikkatlice yikanmistir. Elekten ¢ikarilan aglomeratlar
vakum filtrede hem susuzlandirlmig hem de aseton ile
yikanarak yagdan arindirilmigtir. Elde edilen temiz komiir
105 £ 5 °C'de kurutulmustur. Kurutma isleminden sonra
tartilmis ve analizler igin saklanmistir.

Daha sonra, ultrasonik yag emiilsifikasyon islemini igeren
yag aglomerasyon deneyleri gergeklestirilmistir.
Emiilsifikasyon iglemi i¢in, yag-su karigimlari (100 ml suda
5 g yag ve 100 ml suda 2,5 g yag) 28,5 W/cm? giiciinde 1
dakika ultrasonik isleme tabi tutulmustur (Sekil 4). Kémiir-su
karisimi (350 ml suda 50 g kdmiir) 3 dakika boyunca 1200
devir/dakika'da sartlandirilmistir. Daha sonra 100 ml suda
emiilsifiye edilmis yaglar (Sekil 5) komiir-su karigimina
eklenmis ve komiir-su-emiilsifiye edilmis yag karigimi 1200
devir/dakika’da 10 dakika daha karstirilmigtir. Olusan
aglomeratlarin kazanilmasinda ultrasonik yag
emiilsifikasyonun yapilmadig1 deneydeki proses siireci aynen
uygulanmustir.
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Sekil 5. Ultrasonik emiilsifikasyon igleminden sonra yag-su
emiilsiyonu, Giig: 28,5 watt/cm?, %10 yag miktar

Yanabilir verim (YV, %), kiil giderimi (KG, %) ve verim

indeksi (VI, %) asagidaki denklemler kullanilarak
hesaplanmustir [21].

W(%)=[%]x100 1)
KG (%) = [1- = =]x 100 )
VI (%) = [ YV (%) + KG (%) — 100] 3)

Denklemlerdeki;

C, Konsantrenin agirligi (g); ¢, Konsantrenin kiil igerigi (%);
F, Beslemenin agirligi (g); f, Beslemenin kiil icerigi (%).

Yukarida belirtilen testlere ek olarak, ultrasonik olarak
emiilsifiye edilmis yag damlaciklarinin ve aglomeratlarin
fotograflari sirastyla optik mikroskop (Leica Dm 4000 M) ve
stereo mikroskop (Leica Mz 16) kullanilarak ¢ekilmistir.

Emiilsiyon morfolojisini incelemek i¢in, ultrasonik islem ile
emiilsifiye edilmis yaglar emiilsifiye edildikten hemen sonra
optik mikroskop ile analiz edilmis ve elde edilen yag
damlaciklari goriintiilenmistir (Sekil 6). Yaglarin ¢ok kiigiik
boyutta yag damlaciklarinin doniistiiriildiigiic ve kiiresel
olduklar1 goriillmektedir. Sekil 7’de goriildigi gibi elde
edilen aglomeratlarin farkli sekillerde ve boyutlarda oldugu
goriilmiistiir.
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Sekil 6. Ultrasonik islem ile iiretilen yag damlaciklarinin
mikroskop gériintiisii, Giig: 28,5 watt/cm?, Zaman: 1 dak.
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Sekil 7. Yag aglomerasyon prosesinde iiretilen aglomeratlarin
mikroskop gériintiisii, Giig: 28,5 watt/cm?, %10 yag miktari

Bulgular

Bitkisel yaglar, gaz yagi, mazot vb. yaglar kdmiiriin yag
aglomerasyonunda  baglayict  olarak yaygmn  olarak
kullanilmaktadir. Bu yaglar suda ¢oziinemedikleri igin piilp
ortamida dagilma ve partikiil yiizeylerine adsorbe olma
verimleri diigiiktiir, bu da yag aglomerasyonu prosesinde
yiiksek yag tiiketimine, uzun aglomerasyon siiresine ve hatta
aglomerasyon performansinin diismesine neden olabilir.
Yaglarin baglayict olarak komiiriin yag aglomerasyonu
isleminine eklenmeden o6nce ultrasonik emiilsifikasyon
yoluyla ince damlaciklar halinde dagitilmasi, yag
aglomerasyon performansmin iyilestirilmesi ve yag
tilketiminin azaltilmasi agisindan ¢ok 6nemli bir konudur.

Sekil 8'den goriildigii gibi, ultrasonik emiilsifikasyonun
yapilmadig1 yag aglomerasyonu deneyinde komiiriin kiil
icerigi %35,65°den %26,19’a digiirilmistir. Kiil giderimi
%46,92 olurken, yanabilir verim %82,87 ve verim indeksi
%29,79 olarak bulunmustur.

Sekil 9°da %10 atik aygicek yagi ultrasonik islemle
emiilsifiye edildiginde yapilan yag aglomerasyonu isleminde
elde edilen konsantrenin kiil icerigi %26,5 olmustur. Kiil
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giderimi ve yanabilir verim degerleri sirasiyla %39,17 ve
%93,46 olurken, verim indeksi %32,63 olmustur.

Sekil 10’da %5 atik aygicek yagi ultrasonik islemle
emiilsifiye edildiginde yag aglomerasyonu isleminde
konsantrenin kil icerigi %27,3 olarak elde edilmistir. Kiil
giderimi ve yanabilir verim degerleri sirasiyla %44,09 ve
%82,48 olarak bulunmustur. Verim indeksi degeri ise
%26,57"dir.

Sonuclardan goriildiigii gibi bitkisel atik aygicek yagi ¢ok
ince boyutlu kémiiriin yag aglomerasyonunda basarili bir
sekilde kullanilabilmektedir. Sonuglart daha da iyilestirmek
icin ultrasonik islem ile emiilsifiye edilmis yaglar ile de
aglomerasyon deneyleri yapilmis olup sonuglar geleneksel
yag aglomerasyonu sonuglari ile karsilastirlmistir. i1k olarak
gelencksel yag aglomerasyonunda oldugu gibi atik aygigek
yagi miktart %10 alinip ultrasonik dalgalar ile emiilsifikasyon
islemine tabi tutulup emiilsifiye edilip aglomerasyon
deneyleri yapilmistir. Elde edilen sonuglar geleneksel yag
aglomerasyonu sonuglariyla karsilagtirildiginda geleneksel
yag aglomerasyonunda %82,87 olan yanabilir verimin
ultrasonik islem ile yaglarin emiilsifiye edildigi yag
aglomerasyonunda %93,46’ya yiikseldigi goriilmiistiir.
Bununla birlikte geleneksel yag aglomerasyonunda kiil
igerigi ve kiil giderimi sirasiyla %26,19 ve %46,92 iken,
yaglarin emiilsifiye edildigi yag aglomerasyonunda kiil
icerigi ve kiil giderimi sirsiyla %26,5 ve %39,17 olmustur.
Yaglarin emiilsifiye edildigi yag aglomerasyonunda yanabilir
verimdeki artig, emiilsifiye edilmis yaglarin ¢ok kiiglik
boyutlara indirilmesi ve ortamda daha homojen bir sekilde
dagilmasi sonucu ¢ok kiiciik boyutta olan kdmiir tanelerini
daha iyi aglomera ettikleri soylenebilir. Yag damlaciklarmin
ortamda homojen sekilde dagilmasi ortamdaki komiir
taneleriyle yag damlalari arasindaki c¢arpisma olasiligini
artirmaktadir. Boylelikle de ortamda daha fazla aglomerat
olusumu saglanarak yanabilir verim artmaktadir. Ancak,
emiilsifiye edilmis yaglarin kullanildigi aglomerasyon
deneylerinde kiil gideriminin azaldig1 goriilmiistiir. Kiil
giderim degerinin azalmasi, emiilsifiye edilmis yaglarla yag
aglomerasyonu prosesinde olusan aglomeratlarin daha
kompakt olduklari, emiilsifiye edilmemis yaglarla yapilan
aglomerasyonda olusan aglomeratlar belirli bir dereceye
kadar kompakt olduklari sdylenebilir. Olusan aglomeratlarin
kompakt olmasi aglomerat olusumu esnasinda kiil yapict
minerallerin aglomeratlar arasma girip aglomeratlarin
yikanmasi islemiyle aglomeratlar arasindan
uzaklastirilamadigr  sonucuna varilabilir. Atik yagin
emiilsifiye edildigi (atik yag miktar1 %5) yag aglomerasyon
deneyinde, yag miktar1 geleneksel yag aglomerasyonunda
kullanilan yag miktarina gore yartya diisiiriilmesine ragmen
elde edilen yanabilir verim degeri %82,48 olmustur. Bu deger
geleneksel yag aglomerasyon deneyinde elde edilen deger
olan %82,87 ile karsilastirildiginda hemen hemen bir birine
yakin degerler oldugu goriilmiistiir. Sonuglar Yyag
aglomerasyonu deneyinden once kullanilacak olan yaglarin
ultrasonik dalgalarla emiilsifiye edilerek sisteme dahil
edilmesinin ne kadar dnemli oldugunu ortaya koymaktadir.
Boylelikle kullanilacak olan yag miktar1 yariya diisiiriiliip
proses maliyeti oldukca azaltilabilir. Bu c¢aligmada oldugu
gibi yontemde atik yaglarinda basariyla kullanila bilecek
olmasi yontemin ticari anlamda kullanilabilirligi agisimdan
¢ok onemli bir yer tutmaktadir.
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Sekil 8. Ultrasonik emiilsifikasyon igleminin yapilmadig1 yag
aglomerasyon deneyinde elde edilen sonuglar.
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Sekil 9. Ultrasonik emiilsifikasyon isleminin yapildig1 (%10
atik yag) yag aglomerasyon deneyinde elde edilen sonuglar.
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Sekil 10. Ultrasonik emiilsifikasyon isleminin yapildigi (%5
atik yag) yag aglomerasyon deneyinde elde edilen sonuglar.
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Tim  sonuglar  birlikte  degerlendirildiginde, yag
emilsifikasyonu, yag  aglomerasyonundaki  6nemli
asamalardan biridir. Mekanik karistirma yoluyla yaglarin
emiilsifikasyonunda istenilen biiyiikliikte ve sayida yag
damlacigi elde etmek zor olabilir. Bununla birlikte, ultrasonik
islem ile kiigiik boyutlu ve istenilen sayida yag damlaciklari
daha az miktarda yag kullanilarak elde edilebilir. Emiilsifiye
edilmis yag damlaciklar1 daha kiigiik ve genis yiizey alanina
sahiptir ve komiir yiizeylerini tamamen kaplayarak iyi yag
kullanimi ve hizli aglomerasyon saglar. Emiilsifikasyon, ¢ok
ince boyutlu komiirlerin yag aglomerasyonunda baglayici
olarak kullanilan yaglarin etkinligini artirmada onemli bir
role  sahiptir.  Yag damlacigmin  boyutu, yag
aglomerasyonunu siirecini etkileyen 6nemli bir parametredir.
Ozellikle ¢ok ince boyutlu komiirlerin yag aglomerasyonu
yontemiyle kazanilmasinda yaglarin emiilsifiye edilerek
ortama eklenmesi yanabilir verimin artirilmast agismndan
onemlidir.

Sonuglar

Yag aglomerasyonunun ticari anlamda kullanila bilirligi
acisindan ¢ok dnemli olan baglayici miktarinin azaltilmasi ve
yontemde atik yaglarin kullanilabilirligi bu ¢alismada ortaya
koyulmustur. Cok ince boyutlu komiirlerin yag
aglomerasyonu ile temizlenmesinde bitkisel atik ay¢icek yag1
baglayict olarak basarili bir sekilde kullanilabilmektedir.
Ultrasonik iglemin emiilsifikasyon islemi igin basarili bir
yontem oldugu goriilmiistiir. Ultrasonik emiilsifikasyon
kiigik boyutlu yag damlaciklar1 {iretmis ve yag
damlaciklarinin su i¢inde homojen dagilimmi saglamistir.
Komiirin  yag aglomerasyonunda baglayici  olarak
kullanilacak olan yag miktar1 ultrasonik emiilsifikasyon
islemiyle azaltilabilecegi belirlenmistir. Geleneksel yag
aglomerasyonu deneyinde baglayici olarak %10 kullanilan
atik yag miktar, %5’e distrilip ultrasonik islemle
emiilsifiye edildiginde elde edilen yanabilir verim degerleri
birbirine ¢ok yakin olarak bulunmugstur. Caligmada yiiksek
yanabilir verim ve dnemli dl¢iide kiil giderimi degerleri elde
edilmistir. Yanabilir verim degerleri %82,48-93,46 arasinda,
kiil giderimi degerleri ise %39,17-46,92 arasinda degismistir.
Ayirma etkinligi, %10 atitk yag miktarinda ultrasonik
emiilsifikasyon isleminin yapildigi deneyde maksimum
olarak %32,63 bulunmustur.

Etik kurul onay1 ve c¢ikar catismasi beyani

“Hazirlanan makalede etik kurul izni alinmasina gerek
yoktur”

“Hazirlanan makalede herhangi bir kisi/kurum ile ¢ikar
catismasi bulunmamaktadir”
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Bu ¢alismada giiniimiizde maden kaynak kestiriminde kullanim yayginligi artmaya baslayan derin sinir
aglari, destek vektér makineleri ve XGBoost yaklagimlari kullanilarak bir demir yataginda tendr
kestirimleri gergeklestirilmistir. Elde edilen sonuglar endiistride yaygin bir sekilde kullanilan krigleme
yontemi ile karsilastirllmistir. Calisma i¢in 6ncelikle demir yatagi katt modeli yapilmig ve bu kati modeli
temsil eden blok model olusturulmustur. Daha sonra girdi olarak kompozitlerin X, Y ve Z degerleri
kullanilmis ¢ikt1 olarak ise tendr degerleri dikkate alinmistir. Yukarida deginilen ti¢ makine 6grenmesi
yaklasimi i¢in modeller ayrt ayr egitilmistir. Yaklasimlarin kendine has parametrelerinin tahmininde
deneme yanilma yontemi tercih edilmistir. Egitilen modeller ile blok model kestirimleri
gerceklestirilmistir. Sonuglar makine 6grenme algoritmalarinin da yaygin kullanilan krigleme gibi
yumusatma ozelliginin bulundugunu gostermektedir. Diger bir deyisle, elde edilen sonuglarin standart
sapmasi kompozitlerin standart sapmasindan disiiktiir. Diger bir 6nemli bulgu da makine &grenme
yontemlerinin veri kiimesi disinda bulunan degerleri tahmin edecek sekilde sonuglar iiretmesidir. Bu
durum konumsal tendr kestirimlerinde istenilen bir 6zellik degildir. Ayrica egitilen modeller genel itibari
ile kompozitlerin ortalamalarma yakin sonuglar ¢ikarsa da Derin Sinir Aglari modeli kompozitlerin
ortalamasindan ciddi sapma gostermistir. Bu durum tim makine 6grenme yaklagimlarinin dogrudan
konumsal kestirimde kullanilamayacagini ve elde edilen sonuglarin dikkatlice incelenmesi gerektigini
gostermektedir.
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ABSTRACT

In this study, grade estimations were performed at an iron deposit using deep neural networks, support
vector machines and XGBoost approaches, which are increasingly common in mineral resource estimation
today. The results obtained were compared with the kriging method, which is widely used in the industry.
To carry out the studies, firstly a solid model of the iron deposit was made and a block model representing
this solid model was created. Then, the X, Y and Z values of composites were used as input and the grade
values were considered as output. Models were trained separately with the three machine learning
approaches mentioned above. The trial-and-error method was preferred in estimating the unique
parameters of the approaches. Block model estimations were performed with the trained models. The
results show that machine learning algorithms also have smoothing effect such as kriging, which is widely
used. In other words, the standard deviation of the results obtained is lower than the standard deviation of
the composites. Another important finding is that machine learning methods can be trained to predict
values found outside the dataset. This is not a desired feature in spatial grade estimations. In addition,
although the trained models generally produced results close to the average of the composites, the Deep
Neural Network model showed serious deviation from the average of the composites. This shows that not
all machine learning approaches can be used directly in spatial prediction and the results obtained should
be examined carefully.
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Giris

Yeryliziinde ¢esitli jeolojik siiregler sonucunda olusan ve
ekonomik bir sekilde ¢ikarilabilen her tiirlii kati olusum
maden kaynagi olarak nitelendirilebilir. Bu olusumlar
genellikle kalite degiskeni (kalorifik deger, kiil, nem vb.) ya
da birim kiitledeki metal miktar1 olarak tanimlanan tendr
degerleri ile karakterize edilir. Metalik maden kaynaklarinda
tendr, olusum sartlar1 geregi konuma bagl degiskenlik
gostermektir.  Tendr degerlerinin  cevher yatagmin
orneklenmemis kisimlardaki degerlerinin tahmin edilmesi ise
“kestirim” olarak adlandirilmaktadir.

Maden kaynag1 kestirimi, madencilik sektoriinde ekonomik
stirdiiriilebilirlik, kaynak yonetimi, risk azaltma, mevzuata
uygunluk, teknolojik ilerlemeler ve c¢evresel etkilerin
azaltilmasi i¢in temel saglayan kritik bir siirectir [1] . Maden
kaynaklarinin tahmininde genellikle sondajlardan elde edilen
veriler kullanilir. Kaynak modelin, sondaj verileri ile uyumlu
olmasi beklenir. Sondaj verileri ile uyumlu bir kaynak model
gergek rezerve en yakin bilgiye ulagilmasini saglar ve bu
sayede madencilik yatinm projelerinin daha gercek¢i ve
verimli olmasma yardimer olur. Bu siire¢, ayni zamanda
maden ¢ikarma siire¢lerinin hassas bir sekilde planlanmasina
olanak taniyarak kaynaklarin verimli ve siirdiiriilebilir
kullanimin1 saglamakla birlikte atiklarin ve gevresel etkinin
en aza indirilmesine yardimci olur. Ayrica giivenilir kaynak
tahmini, finansal ve operasyonel riskleri azaltarak, yatirim
kararlar i¢in saglam bir temel sunar ve proje finansmanimnin
elde edilmesine katki saglar. Kaynak kestiriminde karmagik
jeoistatistiksel yontemlerin ve hesaplamali modellerin
kullanilmasi ayn1 zamanda jeoloji bilimi ve maden
mithendisligindeki ilerlemelere de yon vermektedir. Bunlara
ek olarak kaynak kestirimi gevresel yonetim ve rehabilitasyon
planlamasma yardimeci olarak madencilik faaliyetlerinin
cevresel ayak izinin en aza indirilmesinde 6nemli rol
oynamaktadir.

Jeoistatistik, modern maden kaynagi kestiriminde ¢ok 6nemli
bir rol oynamaktadir. Jeoistatistiksel yontem, drneklenmemis
konumlardaki  ickestirim  (interpolasyon)  degerlerini
modelleyen variogram analizi ve krigleme gibi ileri
matematiksel yontemleri igerir. Siklikla kullanilan bir
matematiksel yontem olan krigleme, temel olarak sondajlar
sonucunda elde edilen analiz verilerinin kullanilmas: ile
ornek toplanmamis kisimlardaki tendr degerlerinin
kestirilmesini saglar. Yontemin temel yaklasimi, igerisinde
barindirdig1 krigleme denklemleri ile 6rneklem degerlerinin
kestirilmek (tahmin edilmek) istenen alan iizerindeki
agirliklarinin yansiz bir sekilde elde edilmesi seklindedir.
Boylece orneklenmemis alanlardaki tendr degerleri
kestirilebilmektedir. Cevher yataklarindan sondajlar ile
toplanan bu veriler genellikle es uzunlukta degildir. Ancak,
krigleme yaklagimi es uzunluklu verilerin kullanilmasini
gerektirir. Bu sebepten bu veriler esit degerlere doniistiiriiliir.
Bu donistiiriilmiis yeni degerler ise kompozit olarak
adlandirilmaktadir. Dontisim islemi yani kompozitleme,
oldukca basit bir sekilde es uzunluktaki araliklar igerisine
diisen  verilerin = uzunluk  agirhiklt  ortalamalarinin
alinmasindan ibarettir.

Mevcut klasik yaklagimlar olan Kkrigleme, ters uzaklik ve en
yakin komsu yontemleri, maden kaynaklarinin konumsal
degiskenligini ve dagilimini anlamak i¢in bir gergeve saglar.
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Ote yandan, sinir aglari, destek vektdr regresyonu ve
evrisimli sinir aglarmi igeren makine 6grenimi teknikleri,
jeolojik veriler igindeki karmagik, dogrusal olmayan iligkileri
ele almak igin giiclii araclar sunar. Bu yontemler, kaynak
tahminlerinin dogrulugunu artirmak igin biiyiik veri kiimeleri
tizerinden egitilmelerine dayanr.

Makine 6grenimi ile jeoistatistik tekniklerin karsilagtirilmast
cesitli nedenler yiiziinden ¢ok 6nemlidir. Krigleme gibi
jeoistatistiksel yontemler, mekansal verileri modelleme ve
niceliksel belirsizlikle gilivenilir tahminler saglama
konularinda basarili sonuglar vermek igin gelistirilmistir.
Buna karsilik, makine &grenimi teknikleri biiyiik veri
kiimelerini yonetmede ve karmasik, dogrusal olmayan
iligkileri modellemede basarilidir. Bu alternatif yaklasimlarin
karsilagtirilmasina yonelik ¢aligmalar halen aktif bir aragtirma
konusudur. Bu c¢alismalar temel olarak sadece makine
O6grenme algoritmalarinin kullanildigi ve makine 6grenme
algoritmalar1 ile klasik yoOntemlerin  karsilastirildigt
aragtirmalar olmak {izere iki ana kategoriye ayrilabilir.
Mevcut c¢alismalar genellikle maden kaynak kestirimine
yonelik olmakla birlikte maden varliklarinin varliginin
bulunmasina yardimci olmak amaciyla da
gerceklestirilmistir. Caligmalara konu olan maden varliklart
genellikle demir, kursun, ¢inko, bakir ve altin gibi metalik
yataklardir. Birinci kategoriye giren yani sadece makine
O0grenme algoritmalarinin  maden kaynak kestiriminde
kullanilabilirligi ~ konusu  demir  yataklar1  bazinda
gosterilmistir [2, 3]. Bu c¢aligmalarin ortak yani, mevcut
caligmada oldugu gibi, Derin Sinir Aglarmin (DSA) demir
yataklarinda kaynak kestirim amaciyla kullanilmig olmasidir.
Ayrica yine klasik yontemlerle kiyas yapilmadan kursun ve
¢inko  varliklarimin  belirlenmesinde de  DSA’nin
kullanilabilecegi belirtilmistir [4]. Benzer sekilde baska bazi
caligmalarda Destek Vektor Makinalari (DVM) ve DSA’nin
maden kaynak kestiriminde ve varliginin modellenmesinde
kullanilabilecegi bildirmistir [5-11]. Ikinci kategoriye diisen ,
makine d6grenmesi ile kiyas yapan ¢aligmalar, temel olarak ti¢
alt gruba ayrilabilir. Bu ¢aligmalardan bazilar1 krigleme gibi
klasik kestirim yontemlerinin daha iyi sonuglar irettigini
belirtmis [12-15], baz1 ¢aligsmalar ise buna zit olarak makine
O6grenme yontemlerinin krigleme yonteminden daha iyi
sonuglar iirettigini belirtmistir [14, 16-21]. Son alt gruptaki
caligmalar ise makine Ogrenmesinin Krigleme gibi klasik
yontemlere bir alternatif olarak kullanilabilecegini
belirtmistir olup kiyas yapmamuglardir [22-26]. Ayrica
makine Ogrenmesi yaklagimlarindan DSA ve DVM’nin
hangisinin daha iyi sonuglar irettigine iliskin birbiri ile
celisen yaymlar da mevcuttur [27-29]. Bu ¢aligmalardan
goriildigi lizere klasik ve yeni gelisen yontemlerden
hangilerinin daha iyi sonuglar tirettigi halen tartismaya acik
bir konudur. Bu sebepten, bu belirsizligin azaltilmasina
yonelik ¢aligmalara ihtiya¢ duyulmaktadir.

Bu calismada, glinlimiizde siklikla kullanilan krigleme
yontemi ile makine 6grenme yontemlerinden olan Derin Sinir
Aglar1 (DSA), Destek Vektor Makinalar1 (DVM) ve eXtreme
Gradient Boosting (XGBoost) kullanilarak bir demir
yataginda kestirimler gergeklestirilmistir. Tiim kestirimlerde
aynt kompozitler kullanilmig ve bu kompozitlerde
koordinatlar1 temsil eden X, Y ve Z degerleri ile Fe tenor
degerleri dikkate almmustir. Kestirimler i¢in yoOntemlerin
dogast geregi farkli adimlar izlenmistir. Ancak makine
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6grenmesinde modellerin egitilebilmesi i¢in girdi olarak X, Y
ve Z degerleri yani kompozit lokasyonlar1 kullanilirken ¢ikti
olarak da Fe degerleri kullanilmistir. Bilindigi {izere,
genellikle, tendr verileri yer yiiziinden agagi dogru yapilan
sondajlardan alinan numuneler {izerinden elde edilmektedir.
Dolayist ile sondajlardan elde edilen verilerin koordinatlart
birbirlerinden farklidir. Girdi olarak kullanilan X, Y ve Z
degerleri esit uzunluklardaki kompozit degerlerinin orta
noktalarinin koordinatlarin1 ifade etmektedir. X degeri
nirengi noktasina gore saga yoniinii, Y degeri yukar1 yoniinii
ve Z degeri ise kompozitlerin kotunu temsil etmektedir. Cikti
olarak kullanilan Fe degeri ise bu koordinatlara tekabiil eden
Demir (Fe) kompozit degerleridir. Onceden belirtildigi gibi,
¢ikti olarak kullanilan Fe kompozitleri sondajlarn farkli
kotlarindan toplanan numuneler iizerinden yapilan kimyasal
analizlere dayanmaktadir. Sonug¢ olarak krigleme, DSA,
DVM ve XGBoost ile elde edilen kestirim sonuglar
karsilastirilmistir. Karsilagtirma igin kompozit degerleri baz
alimmis ve elde edilen ozet istatistiklerin kompozit ozet
istatistiklerinden sapma degerleri kullanilmistir.

Calisma Sahasi ve Yontem

Bu calismada krigleme, DSA, DVM ve XGBoost yontemleri
bir demir yatagindaki Fe tenorlerinin kestirimi agisindan
karsilastirilmustir. ilgili saha Tiirkiye’de bulunmakla birlikte
veri gizliligi nedeni ile tam konumu belirtilmemistir. ilgili
bagka bir calismada sahadaki diisiik tenorlii kisimlar
degerlendirilmis olmakla birlikte bu caligmada sadece
yatagm yiiksek tenorlii kisimlari dikkate alimmistir [21] . Bu
yataga iliskin sondajlar, demir cevheri olusumunu temsil
eden kat1 model ve tendr kestirimlerinin yapildig1 blok model
Sekil 1°de gosterilmistir.
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Sekil 1 Yiiksek tenorli zonu temsil eden katt model (iist) ve
blok model (alt)

Sekil 1°den goriildiigii iizere yliksek tendrlii zon yatagin
ortasinda incelerek birbirleri ile baglantili iki kiime halinde
davranmaktadir. Cevherlesme dogu bati ekseninde yaklagik
olarak 420 m, kuzey giliney ekseninde 400 m civarinda
yayilirken kalinligi degisken olup 30 m ile 110 m arasinda
degismektedir. Cevher derinligi 70 ile 260 m arasinda
degismektedir.

Toplamda 30 adet sondaj yapilmis olup bu sondajlardan
yiiksek tendr olarak tanimlanan kisimlardan toplamda 618
adet veri toplanmistir. Bu veriler karot numunelerinden
yapilan analizlere dayanmaktadir. Belirli araliktaki karotlar
oncelikle ikiye boliinmiis olup, numunelerin bir yarisi sahit
olarak karot sandiginda saklanmig geriye kalan yarisi ise
analize gonderilmistir. Numune araliklari es uzunlukta
degildir. Onceden de belirtildigi iizere, es uzunlukta olmayan
veriler {izerinden jeoistatistiksel analiz ve kestirimler
yapilamayacagindan kompozitleme islemi yapilmistir.
Kompozitleme igleminin temel hedefi esit uzunlukta olmayan
ham  tenér  verilerinin, es  uzunluktaki  verilere
doniistiirilmesidir. Bu doniisiim islemi i¢in asagidaki
formiilasyon kullanilmistir (Denklem (1)).

n
0
B= ZEZIZ
i=1

Burada, f kompozit degerini, O; 6meklem uzunlugunu, K
kompozit boyunu ve Z; degeri karotlar {izerinden toplanan
orneklem degerini gostermektedir. Z; degeri sadece ilgili
araliga diisen verileri kapsamaktadir. Kompozitleme islemi
Ozetle bir sondajda cevher kesen ilk kisimdan baglayip
cevherlesme bitene kadar olan kisimlarin es uzunluklardaki
araliklara boliinmesi ile baglar. Daha sonra bu araliklara
diisen veriler belirlenir ve sonrasinda bu veriler Denklem
(1)’de gosterildigi gibi olusturulur. Bu iglem tiim sondajlar
i¢in tekrarlanir.

€y

Denklem (1)’den de gorildiigi iizere Z; ve O; degerleri
numunelere dayanmaktadir. Ancak Denklem (1)’de yalnizca
K yani kompozit boyu degistirilebilmektedir. Bu deger
genellikle karotlardan toplanan O6rneklemlerin ortalama
uzunluguna esit segilir. Mevcut karot verileri incelendiginde
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ortalama 6rneklem uzunlugunun 1 m oldugu goézlenmistir.
Bu sebepten, mevcut ham verilerin 1 m boyunda
kompozitleri elde edilmistir. Cevherlesme sondajlar bazinda
incelendiginde olduk¢a degiskendir. Bazi sondajlarda
yalnizca 4 m’lik yiiksek tenorlii cevherlesme tanimlanmisken
bu deger baz1 sondajlarda ise yaklasik olarak 60 m’ye kadar
cikmaktadir. Bu durumda sondajlardan toplanan veri sayist
da aynm1 olamamaktadir. Bu say1 sondajda kesilen cevher
kalinhigma gore artmaktadir. Bu sebepten bazi sondajlarda
yalnizca dort adet kompozit veri olusmusken bu say1 diger
sondajlarda 60’a kadar ¢ikmigtir. Olusan toplam kompozit
sayist 635°tir. Kompozitleme sonucu elde edilen veriler ve
ham verilere ait 6zet istatistikler Tablo 1’de verilmistir.
Kompozitleme, maden kaynak kestiriminde olduk¢a yaygin
kullanildigindan bu islem i¢in paket programlar
kullanilmaktadir. Bu ¢alismada kompozitleme igin
NetproMine isimli madencilik yazilim1 kullanilmigtir.

Tablo 1. Ham veriler ve kompozitlere ait 6zet istatistikler

Ham veriler Kompozitler
Veri sayisi 618 635
En diisiik 30,76 30,76
Ortalama 54,45 54,50
Ortanca 56,50 57,60
En yiiksek 61,43 61,43
Standart Sapma 6,84 6,82

Tablo 1°de goriildiigii izere ham ve kompozit degerlerin dzet
istatistikleri oldukca benzerdir. Bu kompozitleme icin
beklenen ve istenen bir durumdur. Veri sayilar1 bakimindan
kompozitlerin sayisinin fazla olmasi 6rnek toplama sikliginin
bazi yerlerde 1 m’den daha yiiksek oldugunu gostermektedir.
Ham veriler ile kompozitler arasindaki kiigiik istatistiksel
farklarm da sebebi bu durumdur.

Yontem

Bu ¢alismada kullanilan krigleme, DSA, DVM ve XGBoost
yontemleri asagida agiklanmusgtir.

Krigleme

Krigleme, jeoistatistiksel bir igkestirim yontemi olup,
Ozellikle maden miihendisligi ve gevre bilimlerinde yaygin
olarak kullanilir. Bu yontem, Giiney Afrikali maden
miihendisi Daniel Krige tarafindan 1950°lerde gelistirilmistir
[30]. Krigleme, belirli bir alanda toplanan 6rnek verilerin
analizine dayanir ve veri noktalari arasindaki mekansal
iliskiyi tanimlamak i¢in variogram kullanir. Variogram, iki
nokta arasindaki mesafe ile bu noktalar arasindaki veri
degerlerinin farkinin karesi arasindaki iliskiyi gosterir.
Krigleme, genel itibar ile tahmin edilecek noktaya en yakin
veri noktalarina daha fazla agirlik vererek tahmin yapar ve bu
agrliklar, variogramdan elde edilen konumsal iliski bilgisine
dayanarak hesaplanir. Her bir tahmin noktasi igin bir deger ve
bu tahminin hata orami saglanir, bu da tahminlerin
giivenilirligini degerlendirmede 6nemli bir rol oynar [30].
Krigleme yontemi oldukca iyi bilindiginden bu caligmada
matematiksel temellerinin verilmesine ihtiya¢ duyulmamaistir.
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Derin Sinir Aglar1 (DSA)

Derin Sinir Aglart (DSA), insan beyninin yapisindan ve
islevinden ilham alan karmasik modellerdir. DSA’lar genel
itibari ile girdiler, ¢iktilar ve bunlar arasindaki iligkinin
modellendigi katmanlardan olusmaktadir. Bu katmanlar her
biri noron olarak adlandirilan islemciler kiimesinden olusur.
Her ndron, girdilerinin agirlikli bir toplamini alip bu toplama
bir yanlilik (bias) terimi ekler ve bir aktivasyon fonksiyonu
kullanarak degerleri isler.  Aktivasyon fonksiyonun en
onemli islevi dogrusal olmayan iligkilerin de modellenmesini
saglamaktir. Boylece, olusan ag yapisi girdi ve ciktilar
arasindaki karmagik iligskilerin modellenmesini saglar [31-
33].

Bir DSA’nin isleyisi temel olarak néronlar {izerinden agirlikli

toplamlarin  olusturulmasi, sonrasinda bu sonuglarin
aktivasyon fonksiyonlar1 ile degerlendirilmesi ve kayip
fonksiyonunun  minimize edilmesine dayanir. Bu

minimizasyon i¢in ileri ve geri yayilma gibi teknikler
kullanilir. Bu adimlar asagida kisaca agiklanmaktadir.
Agirlikli Toplam: Her giris x; karsilik gelen bir agirlik olan

w; ile carpilir. Noron, girdilerinin agirlikli toplamimi
agagidaki gibi hesaplar (Denklem (2)):

n
z= ZWixi +b
i=1

Burada, b yanlilik terimi olup n toplam noron sayisini ifade
eder.

()

Aktivasyon Fonksiyonu: Agirlikli toplam z daha sonra
aktivasyon fonksiyonu olan @(z) islemcisine tabi tutulur.
Onceden de belirtildigi iizere bu aktivasyon islemcisi
dogrusal olmayan iligkilerin modellenmesini saglar. Yaygin
aktivasyon islemcileri asagidaki gibidir (Denklem (3)):

o
Slgmmd(x)(— g e_a)x

_(e¥—e™* 3)
Tanh(x) = 7@" T

ReLu(x) = max(0, x)

Bir DSA’nin egitimi, tahmin edilen ¢ikt1 ile gercek ¢ikti
arasindaki hatayr en aza indirecek sekilde agirliklarin ve
yanlihgmn  belirlenmesiyle  gergeklestirilir. ~ Onceden
belirtildigi lizere, bu siire¢ temel olarak ileri yayilma, kayip
fonksiyonunun degerlendirilmesi ve sonugta geri yayilma
adimlar ile gergeklestirilir.

Ileri Yayilma (forward propagation): Bir gikt: olusturmak igin
girdi verilerinin bir ag {izerinden ileri yonde beslendigi
yaklagimdir.

Kayip Fonksiyonu: Regresyon amaci ile egitilen bir agda
Ortalama Hatanin Karesi (OHK) gibi bir kayip fonksiyonu
kullanarak kayip yani beklenen degerden sapma (hata)
hesaplanir (Denklem (4)):

n
1
OHK == (v = 9. @
i=1
Geri yayilim: Denklem (2)’de gosterilen agirliklarin makul
bir siire icerisinde bulunmasini saglayan adimdir. Genel yap1
olarak ¢ikt1 katmanindaki noronlarin girdi degerlerine gore,
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¢ikt1 katmanindaki néronlarin bir 6nceki katmanla arasindaki
degerlere gore kismi tlirevinin alinarak zincir kuralinin
uygulanmasina dayanir. Boylece katmandaki agirliklar
giincellenerek Denklem (4)’deki OHK degerinin en diisiik
oldugu agirliklar bulunur [34]. Boylece DSA modeli egitilmis
olup yeni girdi degerleri i¢in tahminlerde bulunabilir.

Destek vektor makineleri (DVM)

Destek Vektor Makineleri (DVM), siiflandirma ve
regresyon problemleri i¢in kullanilan denetimli 6grenme
yaklagimlaridir. DVM nin temel hedefi iki sinifi birbirinden
aywran en genis dogrusal koridorun bulunmasidir. Diger
bircok makine dgrenme yaklagimlarinda oldugu gibi amag

fonksiyonunun minimizasyonuna dayanmaktadir. Amag
fonksiyonu ise Denklem (5)’teki gibi tanimlanabilir.
1 n
SIWIP+C ) @+ &) )
i=1

Burada, w agirlik vektorii, C fonksiyonun diizliigi ile kiigiik
sapmalart tolere edildigi miktar arasindaki dengeyi belirleyen
bir diizenleme parametresi olup degeri 0 ile sonsuz
arasindadir, &;ve & ise gergek degerlerden epsilon tolerans
marjma olan mesafeyi temsil eden degiskendir. Diger taraftan
bu  degiskenler = gevsek  degisken  olarak  da
isimlendirilmektedir. Amag fonksiyonu Denklem (6)’daki
kisitlamalara tabidir.

yi—(W-x;+b)<e+;
wW-x;+b)—y; <e+&
§,§i =0

(6)

Burada y; gergek bir deger, x; ozellik vektorii, b sapma ve €
ise toleransi temsil eder.

DVM c¢oziimlemek igin genellikle Lagrange carpanlari
kullanilir ve optimizasyon fonksiyonu dual forma
dontistirtiliir.  Genel itibari ile bir ¢ekirdek fonksiyon
sayesinde veriler herhangi bir doniisiime gerek kalmadan
dogrudan ¢aligilabilir durumda olur. Son olarak da nihai
kestirici fonksiyon ise Denklem (7)’deki gibi yazilabilir;

£60 = ) (@ = aDK (%) + b

=1

Q)

Burada K ilgili ¢ekirdek fonksiyonu, b ise diisey eksendeki
sapma terimini temsil etmektedir [35, 36].

XGBoost

DSA ve DVM gibi eXtreme Gradient Boosting (XGBoost)
yontemi de denetimli Ogrenme ic¢in kullanilan bir
yaklagimdir. XGBoost gradyan artirmaya (gradient boosting)
dayanan bir yontemdir. Verimliligi ve dogrulugu nedeniyle
makine &grenimi yarismalarinda ve pratik uygulamalarda
yaygin olarak kullanilmaktadir [37].

XGBoost temel olarak karar agaglarmma dayanmaktadir.
Yontem oOziinde, her agacin bir Oncekinin hatalarim
diizeltmeye calistigi, sirali bir karar agaclart toplulugu
olusturma yaklagimini benimsemektedir. XGBoost'taki amag
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fonksiyonu, asirt uyumu 6nlemek i¢in bir kayip fonksiyonu
ile bir diizenleme terimini birlestirir. Kayip fonksiyonu
Denklem (8)’deki gibi hesaplanabilir;

n
1
Ly, y) = EZ(M‘ - 9)? (8)
i=1
Burada y; gercek deger, ¥; kestirilen deger, n ise veri

sayisini ifade eder. Diizenleme terimi ise Denklem (9)’daki
gibidir;

T
1
Q) =yT+5leWj2 (9)
j:

T Agagtaki yaprak sayisini, sz J yapragindaki agirligi, y ve
A terimleri ise agir1 6grenmeyi engellemek igin kullanilan
parametrelerdir.

Sonug olarak nihai amag fonksiyonu Denklem (10)’daki gibi
ifade edilebilir:

obj = Z L) + Z 2(f)
i=1 k=1

Burada K agag¢ sayisini ifade eder.

(10)

XGBoost, amag fonksiyonunu minimize etmek igin gradyan
artirma kullanir. Temel yaklasim, 6nceki agaglarin hatalarini
tahmin eden yeni agaglar eklemektir. Model Denklem
(11)’deki gibi giincellenir:

99 =95V + fux) (11)
f, (x; ) iterasyondaki tahmini, y "™ ise iterasyondaki yeni

agacin kestirimini ifade eder.

XGBoost’taki her agac, asagidaki amag fonksiyonunu
minimize etmek i¢in Denklem (12)’de oldugu gibi
olusturulur:

n

1
0bi® = 3" [gifulx) + SR’ + 0 (12)
i=1
1)

Burada, g; = 9 =)L (yi,yl )birinci dereceden gradyan
Y

<hi = 05-(1-1)2L (yi,yl(t'l))) ise ikinci dereceden
gradyandir.

XGBoost bos bir aga¢ yapisinda baglayarak, Denklem
(13)’de gosterilen kazang fonksiyonunu minimize etmek
icin yapraklar1 art arda boler.

1 G2

_ G (G, + Gg)?
Kazang = 3 [

H,+2 Hg+1 H +Hgp+2

11—y (13)
G Vve Ggsol ve sag bolmeler igin gradyanlarin toplami iken
H;ve Hpgsol ve sag bolmeler icin Hessianlarin toplamidir.
Yeni bir gozlem (x) igin nihai tahmin, tim agaglarin
tahminlerinin toplamidir (Denklem (14)):
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K
9= fel® aw

k=1

Bu yaklasim, XGBoost’un yiiksek dogruluk ve saglamlik
elde etmesini saglar [37].

Bulgular ve Tartisma

Krigleme yontemi giiniimiizde iyi bir sekilde anlagildig1 i¢in
krigleme adamlar1 ve bu adimlardaki parametrelerin
belirlenmesi genel kabul goren bir hal almistir. Bu genel
kabul goren adimlar uygulanarak oOncelikle deneysel
variogramlar hesaplanmis, sonrasinda model variogramlar
uyarlanmis, bu variogramlarmn kullanilabilirligi test edilmis
ve sonu¢ olarak bu model variogramlar kullanilarak blok
bazinda kestirimler yapilmistir. Elde edilen variogram modeli
izotrop bir kiiresel modeldir. Bu modelin kiilge etki degeri
1,5, esik degeri 45 ve yapisal uzakligi 120 m’dir. Tarama
kiiresi ise tiim bloklarin tek seferde kestirilmesine yetecek
sekilde 200 m yarigapinda segilmistir. Tiim yapilan krigleme
islemlerinde  NetproMine isimli madencilik yazilim
kullantlmigtir.

Makine 6grenmesine iliskin yontemlerde model dogrulama
adimlari iyi bilinen Krigleme yonteminin aksine genel kabul
goren bir hal almamuistir. Bu sebepten, bu ¢alismada deneme
yanilma yontemi ile model parametreleri belirlenmisgtir.
Makine 6grenmesine yonelik yapilan tiim islemlerde Python
programlama  dili  kullanilarak  yazilan  programlar
calistirilmigtir.  Ayrica makine Ogrenme yaklagimlart
genellikle islem yogun oldugundan giiniimiiz standartlarinda
bir bilgisayar ile kestirimler yapilmistir. Kestirimde
kullanilan bilgisayar 3,00 GHz islem giiciine sahip 13.nesil
Intel bir islemcidir. Bilgisayarda toplamda 32 ¢ekirdek
bulunmakla birlikte 64 GB’lik bir RAM bulunmaktadir. Tiim
yontemlerde yapilan kestirimler egitim islemi bittikten sonra
toplamda 26834 adet blok igin kestirimler birkag saniye
stirmiistiir. Blok boyutlar1 sabit olup X, Y ve Z yonlerinde
sirast ile 10, 10 ve 2 m olarak belirlenmistir.

Derin sinir aglari ile kestirim igin diger yontemlerde oldugu
gibi girdi olarak kompozitlerin X, Y ve Z degerleri
kullanilirken hedef deger (¢iktt) olarak Fe tendrleri
kullanilmigtir Ayrica DSA ve DVM ile kestirimlerde tiim
girdiler normalize edilmistir. Bir¢ok normalizasyon yontemi
bulunmakla birlikte bu ¢alismada Denklem (15)’te verilen
min-maks normalizasyonu kullanilmustir.

T — Tmin

D, = (15)

Tmax — Tmin

Burada; D, normalize edilmis deger, T degisken, 7., Ve
Tmax 1s€ sirast ile degiskenin en diisiik ve en yiiksek
degerlerini ifade eder. Normalizasyon adim1 DSA ve DVM
icin gerceklestirilmis olup, XGBoost i¢in yapilmamustir.
DSA ve DVM i¢in yapilmasmin sebebi ise ilgili
yaklagimlarin normalize edilmis degerler lizerinden daha
hizl1 bir sekilde egitilmesini saglanmasidir. Model egitimleri
ve kestirimler ayni normalizasyon degerleri kullanilarak
yapildigindan kestirim sonuglar1 bu adimdan etkilenmemistir.
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Bunun sebebi Dbloklara da ayni normalizasyonun
uygulanmasidir. Kestirimler normalize edilmis X, Y ve Z
degerleri tlizerinden yapilmis olup, bloklar kestirimlerden
sonra eski koordinatlarma geri getirilmistir. Fe degerleri igin
herhangi bir normalizasyon uygulanmamistir. Bunun sebebi
ise Fe degerlerinin hali hazirda diisiik degerler olan 30 ile 61
arasinda degismesidir.

Bu islem DSA modelinin kisa siire icerisinde egitilmesini
saglayan bir adimdir. DSA ile yapilan kestirimlerde kompozit
verilerin %70 derin sinir agmni egitmek, %15’ egitimi
dogrulamak ve geriye kalan %151 ise egitilen modelin testi
i¢in kullanilmugtir.

DSA gizli tabakalarinda Tanh aktivasyon fonksiyonu
kullanilmis, ancak Fe tendr degerlerine giden son c¢ikti
tabakasinda ise dogrusal fonksiyon kullanilmistir. Maliyet
fonksiyonunun  minimizasyonunda  gradyan  azaltma
(Gradient descent) yaklasimi kullanilmistir. Kullanilan
maliyet fonksiyonu ortalama karesel hatadir. DSA’nin yapisi
ise koordinatlarin beslendigi ilk tabaka, 15 digiim
noktasimdan olusan iki tabaka ve ¢ikt1 tabakasi olmak {izere
toplamda 4 tabakadan olusmaktadir. Model MSE’si
degerlendirildiginde 1000 optimizasyon adiminda sonra en
diistik degerlere ulasildigi goriilmiistiir. Ayrica egitim, test ve
dogrulama adimlarindaki hedef ve kestirim degerleri
arasindaki korelasyon katsayilarinin ise sirasi ile 0,78, 0,75
ve 0,77 oldugu gozlenmistir. Degerlerin birbirlerine yakin
¢tkmasi modelin genelleme seviyesinin yeterli diizeyde
oldugunu gostermektedir. Boylece egitilen DSA modeli
bloklarin kestirimlerinde kullanilmigtir.

Destek Vektor Makinesi (DVM) ile kestirimde DSA’ya
benzer adimlar uygulanmistir. Girdi olarak kullanilan X, Y ve
Z degerleri ile ¢ikti olan Fe degerleri normalize edilmistir.
DSA dan farkli olarak DVM’ler ¢ekirdek fonksiyonuna
ihtiya¢c duymaktadirlar. Bu ¢aligmada alternatifler arasindan
regresyon amagcl en sik kullanilan Radyal Temelli Cekirdek
fonksiyonu tercih edilmistir. Diger optimize edilmesi gereken
parametreler ise epsilon ve C ceza parametreleridir. Bu
parametrelerin modellenmesi i¢in veri kiimesi %80-%20
egitim ve test olmak tizere iki gruba ayrilmistir.

Yapilan deneme yanilma iglemi sonucunda C 10, epsilon
0,025 ve sigma parametresi ise 0,15 olarak belirlenmistir.
DSA’ya benzer sekilde bloklarin X, Y ve Z koordinat
degerleri girdi olarak kullanilarak Fe degerleri her bir blok
icin kestirilmigtir. Kestirim sonuglarina ve kompozitlere ait
Ozet istatistikler Tablo 2’de verilmistir.

Tablo 2. Kompozitler ve kestirim sonuglari

Kompozit | Krigleme DSA DVM | XGBoost
Veri 236 26835 | 26835 | 26835 | 26835
sayisi
En disik | 30,76 31,0 30,0 31,9 30,8
Ortalama 54,5 55,0 59,8 56,1 53,9
Ortanca 57,6 55,7 58,7 56,4 54,9
En 61,43 61,4 60,0 65,0 64,8
yiiksek
Standart 6,82 4,36 4,20 4,48 5,35
Sapma
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Tablo 2’de goriildiigii iizere tiim yontemler yumusatma
Ozelligi gostermektedir. Diger bir deyisle, elde edilen
kestirim varyanslar1 kompozitlerin varyansindan disiiktiir.

Tablo 3’te gosterilen istatistiklerin karsilagtirilmasi amaciyla
kompozit istatistiklerden sapmalar1 gésterilmistir.

Tablo 3. Kestirimlere ait istatistiklerin  kompozit
istatistiklerinden sapma degerleri.

Yiizdece Krigleme | DSA | DVM | XGBoost
sapma (%)

En diisiik 0.8 -2.5 3.7 0.1
Ortalama 0.9 9.7 2.9 -1.1
Ortanca -3.3 19 -2.1 -4.7
En yiiksek 0.0 -2.3 5.8 5.5
Standart -36.1 -384 | -34.3 -21.6
Sapma

Tablo 2’de goriildigii tizere higbir yontem kompozitler ile
ayni istatistikleri {iretmemistir. Tablo 3’te gosterilen
istatistiki farklarin yiizdeleri incelendiginde tek bir yontemin
tiim diger yontemlere Ustiinliik saglamasi gibi bir durum da
olusmamistir. Her bir yontemin one ¢iktig1 istatistikler
farklidir. Krigleme Ortalama ve en yiiksek deger bazinda
diger yontemlerden 6ne g¢ikarken, XGBoost en diisiik ve
standart sapma bazinda kompozitlere en yakin istatistikleri
tretmis olup, DSA ise ortanca bazinda diger yontemlerden
daha iyi sonug tiiretmistir. Sekil 2’de ise blok model kestirim
sonuglari gosterilmistir.
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Sekil 2 Kestirimler sonucu olugan Fe (%) degerleri a)
Krigleme b) DSA c) DVM d) XGBoost

Sekil 2’de goriildiigli lizere kestirimlerin birbirlerine
benzedigi ve ayrigtifi durumlar vardir. Tim kestirim
yontemleri cevherlesmenin giineydogusunda yiiksek tendrlii
bir kisma isaret etmektedir. Benzer sekilde gilineybati
kisimlarinda ise degiskenligin yiiksek oldugu gorece yiiksek
(%45-60 Fe arasi) kisimlar mevcuttur. Genellikle ayrisan
kisimlar ise yatagin merkezine yakin olan ve en {ist kotlarda
bulunan kisimlarda DSA ve DVM yontemleri gorece diisiik
tendrleri isaret etmektedir. Ayrica sadece DVM ile yapilan
kestirimler yatagin dogu kismindaki sinirlar1 oldukga yiiksek
oldugunu gostermektedir. DVM’nin neden boyle bir sonug
tirettigi bilinmemektedir. Bu duruma dikkatle yaklagmak
gerekmektedir. Tlgili alandaki yiiksek tenorlerin kesinlikle ek
sondajlarla teyit edilmesi elzemdir.

Tablo 3’te goriildiigi tizere makine 6grenme yontemlerinin
bazilarinda kompozitlerde goriilen degerlerin  disinda
kestirim degerleri tespit edilmistir. Bu durumla ozellikle
yatagin sinir kisimlarinda karsilagilmaktadir. Bunun sebebi
ise ilgili kisimlarm egitimde kullanilan X, Y ve Z degerlerinin
disinda kalmasidir. Diger bir bakis agis1 ile yatak sinirlarinda
sondaj bulunmadigindan egitilen modeller ilgili kisimlarda
ekstrapolasyon yapmustir. Bu sebepten bu kisimlardaki
kestirimlere  dikkatli yaklasmak gerekmektedir. lgili
kisimlarin dogrulunun testi igin ek veri toplanmasi tavsiye
edilmektedir.

Giliniimiizde kaynak kestirimi, tendr modellemesi amaci ile
kullanilan makine 6grenme yontemleri kara kutu (black box)
olarak c¢aligmaktadirlar. Diger bir ifade ile elde edilen
sonuglara nasil ve neden varildigi baz1 kurallara bagli olarak
belirlenirken sonuglara varmak igin egitilen modellerin
yorumlamasi oldukga gii¢ olup, genelde miimkiin degildir. Bu
sebepten mevcut jeoistatistiksel yontemlerde oldugu gibi
variograma ait yapisal uzaklik, esik deger ve kiilge etkisi gibi
kavramlardan bahsetmek s6z konusu degildir. Makine
ogrenmesinde, bu kavramlardan s6z edilemeyecegi gibi buna
benzer olan parametreler de bulunmamaktadir. Bu durum,
belirtildigi iizere, makine 6grenme yontemlerinin kara kutu
yapisindan kaynaklanmaktadir. Ayrica makine 6grenmesi
yaklagimlarinda kullanilan parametreler deneme yanilma
yontemi ile belirlenmistir. Bu durum her zaman en uygun
parametre degerlerinin bulundugunu garanti etmemektedir.
Bu ¢aligmada sistematik bir sekilde parametreler taranmis ve
kompozitlerin istatistiklerine en yakin sonuglari veren
parametreler kestirim parametreleri olarak belirlenmistir.

Sonug¢

Maden kaynaklarinin degerlendirmesindeki en Onemli
adimlardan birisi olan tendr kestirimi i¢in giiniimiizde yaygin
olarak krigleme kullanilsa da makine 6grenme algoritmalari
alternatif olarak ortaya ¢ikmaktadir. Makine 0Ogrenme
yontemlerinden DSA, DVM ve XGBoost algoritmalarinin
birlikte degerlendirildigi bir ¢aligma bulunmamaktadir. Bu
calismada ilgili yontemler karsilagtirilmistir. Karsilastirma
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amaci ile bir demir yatagindaki Fe tenorleri belirtilen
yontemler ile kestirilmistir. Kestirimler igin kriglemede
model variogramlar uyarlanirken diger yontemlerde ise
yontemlere 0Ozel parametrelerin  tahminleri yapilmistir.
Makine 6grenmesi yontemlerinin egitilmesinde girdi olarak
kompozitlerin X, Y ve Z degerleri kullanilirken ¢ikt1 olarak
da Fe degerleri kullanilmistir. Bylece egitilen modellerin
blok Fe tendrleri kestirilmistir.

Kestirim sonuglar1 digerlerine her agidan istiinliik saglayan
bir yontemin olmadigimi géstermektedir. Krigleme ortalama
ve en yliksek deger acisindan iistlin goriiniirken, XGBoost en
diisik ve standart sapma acisindan daha iyi sonuglar
tiiretmistir. DSA ise ortanca deger bakimindan en iyi sonucu
tiretmistir. DVM’nin ise digerlerine iistiinlik sagladigi bir
istatistik bulunamamustir.

Krigleme diger tiim yontemlere her agidan {istiinlik
saglayamasa da kaynak kestiriminde bu yontemin yaygin
olarak kullanilmasinin ilk sebebi 1950’lerden giiniimiize
bilinmesi ve bu sebepten konuya asina kisi sayisinin daha ¢ok
olmasidir. Ayrica giinlimiizde alternatif olarak gelisen
makine 6grenmesi yontemleri, bu ¢alismada goriildigi gibi,
her zaman istenen araliklarda yani kompozit degerleri
araliginda sonuglar liretmeyi garanti etmemektedir. Bununla
birlikte elde edilen sonuglarin yorumlanmasi genellikle
miimkiin  degildir. Makine 0&grenme yontemlerinde,
kompozitler iizerinden egitilen modellerin genel Kestirici
olarak beklenen o6zelliklerde sonuglar iiretmesi beklenirken
bu beklenen sonuglarin ulagilacagmni garanti etmemektedir.
Bu duruma 6rnek olarak, DVM ile yapilan kestirimde yatak
sinirlarinda  beklenmeyen yiiksek tenorlii  kisimlar ile
karsilagilmigtir. Ancak yontemin dogasi geregi bu durumun
bir agiklamasinin yapilmasi mimkiin degildir. Bu gibi
sebeplerden makine &grenmesi ile kestirimler giliniimiizde
halen akademik olarak arastirma seviyesinde olup, krigleme
maden kaynak kestiriminde siklikla kullanilmaktadir.

Bu ¢alismadan elde edilen bir diger sonug¢ da bazi kestirim
yontemlerinin  ekstrapolasyon  yaparak  kompozitlerin
bulundugu deger araligi disinda kestirimler iiretmesidir.
Ornegin DSA en diisiik degeri yaklasik olarak kompozit en
diisiik degerlerinden %2,5 daha diisiiktiir. Yani kestirim
degerlerinin en diigiik degeri kompozitlerden daha diigiiktiir.
Benzer sekilde DVM ve XGBoost’da elde edilen kestirim
degerlerinin en yiiksek degerleri de kompozitlerden yaklagik
olarak %5 daha yiiksektir. Bu durum tendr kestirimlerinde
istenmeyen bir durumdur. Bunun sebebi ise hedef olan
kompozit degerleri aralign disindaki bir kestirim degerinin
gercekeiliginin  sorgulanmaya agik bir durum olmasidir.
Krigleme de ise boyle bir durum s6z konusu degildir. Bu
sebepten makine Ogrenmesine dayali yontemlerle yapilan
kestirimlerde mutlak suretle bir uzmanin elestirel bir sekilde
inceleme yapmasi gerekmektedir.

Onceden belirtildigi iizere krigleme ile kestirim adimlari
genel kabul goren bir hal almigtir. Ancak bu genel kabul
gormiis yaklagimlar makine Ogrenmesi ile kestirimlerde
mevcut degildir. Tendr kestirimlerine iliskin yapilan



DUJE (Dicle University Journal of Engineering) 15:4 (2024) Sayfa 907-916

calismalarda parametre belirleme yaklagimlar cesitlilik
gostermekle birlikte bu ¢alismada deneme yanilma yontemi
kullanilmistir. Ancak deneme yanilma ydntemi en iyi
parametrenin  belirlendigini garanti etmemektedir. Bu
sebepten konumsal tendr degerlerinin tahmininde makine
o0grenmesine  yonelik temel yaklasimlarin  enddistri
pratiklerinden ve iyi orneklerden yola ¢ikarak daha genel
kabul gdren bir yapiya biiriindiiriilmesi gerekmektedir.

Ayrica ileri donem c¢aligmalarinda kriglemenin dogrusal
olmayan varyasyonlarinin da karsilastirmaya dahil edilmesi
onerilmektedir. Ozellikle c¢arpik dagilima sahip veri
kiimelerinde log-normal Krigleme ve verilerin belirli bir
kritik degeri agma olasiliklarinin belirlenmesi istenmesi
durumunda ise Ayirici (disjunctive) Krigleme gibi dogrusal
olmayan yontemlere bagvurulabilir. Bu ¢aligmaya konu olan
veri kiimesinde konumsal olarak ciddi bir ¢arpik dagilim
gozlenmediginden dogrusal olmayan krigleme yontemlerine
basvurulmamustir.
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Porselen izolatér massesinde akiskanlastirict olarak genellikle feldspat kullanilmaktadir. Giniimiizde
stoneware, seramik saglik gerecleri, anortit bazli porselenler, kemik porselenleri, seramik karolari iizerinde
yapilan ¢aligmalar ile gesitli magnezyum oksit kaynaklar1 ile akiskanlastiric: 6zellik saglanmasi yani sira
mukavemet degerlerinde artis ve sinterlenme tepe sicakliklarinda yaklasik 50°C’lik azalma goriildigi
gozlemlenmektedir. Porselen izolatorler i¢in yiiksek maliyetli feldspatlara alternatif olarak toprak alkali
iceren hammaddelerin ikame edilebilirligi hammadde maliyetinin azaltilmasini ve alternatif ergitici
kaynaklart olugsmasimi saglayacaktir. Ayrica porselen izolatorlerin; sinterlenme siirelerinin azaltilmasi,
dogal gaz tilketiminin azalmasim saglayacagindan hem enerji kaynaklarmim korunmasini saglayacak hem
de daha gevreci bir iiretime imkan saglayacaktir. Bu ¢aligmada magnezyum oksit iceren ham maddelerden
talk ve manyezit, porselen izolator biinyesinde %0.5-1 ve 3 oranlarinda, feldspat ile ikame ettirilerek teknik
ozellikleri tizerine etkileri arastirilmistir. Elektroporselen biinyesinde magnezyum oksit kaynagi olarak
talk ve manyezit kullanimin oraninin artmasi ile beraber % goriiniir gézeneklilik, % su emme, % pisme
kiigtilmesi, deformasyon degerlerinde artis ve % goriiniir kat1 yogunluk, sirsiz ve sirli pisme mukavemeti
degerlerinde azalma gozlemlenmistir.
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* Sorumlu Yazar

In porcelain insulator bodies, feldspar is generally used as a flux. Today, studies on stoneware, whiteware,
ceramic sanitaryware, anorthite-based porcelains, bone porcelains, and ceramic tiles show that in addition
to providing plasticizer properties with various magnesium oxide sources, an increase in strength values
and a decrease of approximately 50°C in sintering peak temperatures are observed. Substitutability of
alkaline earth raw materials as an alternative to high-cost p feldspars for porcelain insulators will reduce
raw material costs and create alternative flux sources. In addition, since lowering the sintering times of
porcelain insulators will reduce natural gas consumption, it will protect energy resources and enable a
more environmentally friendly production. In this study, talc and magnesite, raw materials containing
magnesium oxide, were replaced with feldspar in porcelain insulators with different ratios of 0.5-1 and
3%, and their effects on technical properties were investigated. With the increase in the use of talc and
magnesite as magnesium oxide sources in the electroporcelain, an increase in % apparent porosity, % water
absorption, % firing shrinkage, deformation values, and a decrease in % apparent solid density, unglazed
and glazed firing strength values were observed.
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Giris

Izolatorler, iiretim siirecleri ve iiretiminde kullanilan
hammaddeler agisindan diger porselen iriinlerine benzerlik
gosterse de, porselen izolatorlerden beklenen performans ve
kalite gereksinimleri farklilik gdstermektedir. izolatorler
kullanilmadan 6nce IEC tarafindan belirlenen gesitli testlerde
(flas, delinme, elektromekanik kirilma, giic frekans: vb.)
basarilt olmalidir [1].

Porselen izolatorlerin masselerine ait gesitli  6zellikler
(goriiniir gdzeneklilik, yogunluk, sirsiz ve sl egilme
mukavemeti, termal sok dayanimi vs.) IEC 672 standardinca
garanti altina almmistir. Bu standarda gore porselenler bes
gruba ayrilir:

. Steatit porselenler (sinif C-220)

. Kuvars porselenler (sinif C-110).

. Aliimina porselenler (C-120 ve C-130 sinifi).
. Kristobalit porselen (sinif C-112).

. Yiksek aliimina porselenler (agirlikga % 80-86
aliimina igeren C-780 sinifi ve agirlikga % 86-94.5 aliimina
iceren C-786 sinif1) [2].

Porselen izolatér iiretiminde en yaygmn kullanilan masse
cesitleri kuvars ve aliimina esasli C110, C120 ve C130
siniflart olup C110 algak ve orta, C120 ve C130 ise sahip
olduklar1 yiiksek yogunluk ve sirsiz ve sirth egilme
mukavemeti degerleri ile yiiksek ve cok yiiksek gerilim
hatlarinda kullanilmak {izere tercih edilmektedirler.

Elektriksel porselen izolatorlerinin iiretiminde kullanilan
baglica hammaddeler kaolen, feldispat ve kuvarstir. Kaolen,
karigima  sekillendirme siirecini  kolaylastiran — gerekli
esnekligi saglar. Feldispat, karisimin camlasma sicakligini
distiren bir aki gorevi goriir. Kuvars, gévdenin mekanik
dayanikliligina katkida bulunan refrakter kristal fazin1 veya
iskeletini saglar [3]. Kil [(Al2Si2Os(OH)4] seramik karigimina
esneklik kazandirir, flint veya kuvars [SiO2] pisirme sirasinda
olusan maddenin seklini korur ve feldispat [KXNa-
X(AISi3)Og] aki gorevi goriir[4]. Bu ¢ bilesen, oksit
bilesenleri agisindan elektriksel porseleni faz sistemine
yerlestirir, dolayisiyla ii¢ eksenli porselen terimi kullanilir

[5].

Porselen izolatér massesinde akiskanlastirict  olarak
genellikle potasyum feldispat kullanilmaktadir. Giiniimiizde
stoneware, whiteware, seramik saglik gerecleri, anortit bazli
porselenler, kemik porselenleri, seramik karolar1 {izerinde
yapilan ¢aligmalar ile ¢esitli kalsiyum ve magnezyum oksit
kaynaklar1  ile  akigkanlagtiric1  6zellik  saglandigi
goriilmektedir. Birgok ¢aligmada da farklr alkali kaynaklar
ve hammaddeler kullanilarak seramik iiriinlere olan etkileri
incelenmistir. Bu ¢alismalarda yerel alkali kaynaklart
kullanilarak pisirim sicaklik ve siireleri diisiiriilemeye
calistlmig [6-8]. Farkli hammaddeler feldispat ve diger
hammaddeler yerine kullanilarak sinterleme parametreleri
incelenmistir[9,10].

Mukhopadhyay ve ark. (2003) calismasinda, biinyelerinde
illitik kil ihtiva eden kompozisyonlara yapilan talk ilavesinin
mekanik, mikroyapt ve 1si1l {izerine olan etkilerini
aragtirllmigtir.  Uygun oranda yapilan talk/feldispat

kompozisyonunun vitrifikasyon sicakligmi  disilirdiigii
belirlenmistir. Talk ilavesiyle kompozisyonda bulunan MgO,
viskozitesi daha diigiikk camsi fazi1 daha diisiik sicakliklarda
olusturdugu, sinterlesme sicakligini diistirdiigiinii buna karsin
sinterleme araligim daralttign gézlemlenmistir. %3 lik talk
ilavesiyle biinyede bulunan kalint1 kuvars miktar1 azalmig bu
ylizden de termal genlesme katsayisini diiglirmiistiir. Talk
ilave miktarinin  artmasiyla yapidaki  gdzeneklerin
genlesmesine dolayisiyla da amorf fazin daha fazla
genlesmesine sebep oldugu bildirilmistir [11].

Daniel Magagnin ve ark.(2014) yaptig1 ¢alismada, porselen
karolarda miillit miktarinin ve proses parametrelerinin talk
ilavesinin etkisini incelemiglerdir. Caligma sonucunda; miillit
olusumunda ana etmenin kaolinit miktar1 oldugu talk
ilavesinin sinterleme sicakligini diigiirdiigii bu yiizden millit
olusumunun azaldig1 belirlenmistir [12].

V. Biasini ve ark.(2003) Porselen stoneware biinyeye talk ve
klorit ilave etmislerdir. lave sonucunda reaktivitenin arttig1
pisme sicakliginin ayn: su emme degerinde 20°C kadar
diistiigii, cogu kapali por olmakla birlikte kalint1 porlarin daha
fazla oldugu, y1gm yogunlugun az miktar diistigii ve pisme
kiiglilmesinin bir miktar arttigini belirlemislerdir [13].

M.F. Serra ve ark.(2012) Yaptig1 ¢caligmada, talk, spodiimen
ve kalsiyum karbonatin seramik biinye iizerine olan etkisini
incelemiglerdir. Caligma sonucunda diisiik sicakliklarda
(1100 °C den diisiik) talk’in bir etkisi olmadigi, 1200
derecelerde ise sinterlemenin hizlandirdigi ve yogun
stoneware biinyeler elde edildigini bildirmistir [14].

Z. Bayer Ozturk ve N.Ay’in(2021) yaptig1 calismada MgO
icerigi yiiksek dolomitik kil ve talkin porselen biinyede
feldispat yerine kullanimi incelenmistir.% 4’e kadar
kullaniminin su emme degerlerini diislirdiigli, pisme
yogunlugu ve mukavemett degerlerini arttirdifl tespit
edilmistir[15].

Bu caligmada ¢esitli toprak alkali iceren hammaddelerden
magnezyum oksit kaynagi olarak da talk ve manyezit
secilmigtir. Porselen izolatér biinyesinde % 0.5-1 ve 3
oraninda feldispat ile ikame ettirilerek porselen izolator
teknik 6zellikleri lizerine etkileri aragtirilmigtir.

Materyal ve Yontem
Kullamilan hammaddeler

Elektroporselen recetesinde kullanilan kil, kaolen, kuvars ve
feldispat yurticinden ve yurtdisindan olmak {izere farkli
tedarikcilerden alinmistir. Potasyum feldispat yerine
kullanilan talk ve manyezit hammaddeleri Tecnodieci
firmasindan 63p altt tane boyutunda temin edilmistir.
Kullanilan hammaddelerin ait kimyasal analiz sonuglari
Tablo 1’de verilmistir. Olusturulan regetelerde farkli
ozelliklere sahip 2 ¢esit kil, 4 ¢esit kaolen, kuvars ve feldispat
kullanilmistir.

Tablo 1. Hazirlanan kompozisyonlarda kullanilan
hammaddelerin kimyasal analizleri (% agirlikca).

i . A
Hammaddeler +§|?c2>3 Fe:0:+TiO;  CaO+MgO  Na:O+K.0 Za;ie:n
Feldispat 86.12 0.18 0.45 12.88 0.37
Kuvars 99.53 0.02 0.06 0.23 0.16
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Kil A 83.92 3.66 0.72 2.69 8.90
Kil B 84.43 2.98 1.30 1.78 10.20
Kaolen A 84.88 1.37 0.10 0.30 13.35
Kaolen B 82.33 3.66 0.69 2.76 10.56
Kaolen C 84.05 2.73 0.34 3.60 9.28
Kaolen D 83.46 1.84 0.24 0.37 14.09

Tablo 2’de kullanilan kil ve kaolenlerin fiziksel 6zellikleri
verilmistir. Yapilan analizlerde kuru mukavemet degerleri
killer i¢in 40-70 kg/cm?, kaolenler igin 15-38 kg/cm?
araliginda degismektedir. Pisme kiiglilme degerlerinin hepsi
%10’dan kiigiiktiir. Yapilan analizlere gore en yiiksek kuru
mukavemete ve en diisik su emme degerine sahip
hammadde Kil A olarak belirlenmistir. Kaolen D
hammaddesi su emme analizine uygun numune elde
edilemedigi icin su emme degerine bakilamamistir.

Tablo 2. Kil ve kaolenlerin fiziksel 6zellikleri (% agirlik¢a).

Kuru Pisme
Hammaddeler Mukavemet Kiiciilmesi Su (Ig/n;me
(kg/em?) (%) i

Kil A 75 9.84 0.35
Kil B 40 8.72 15.00
Kaolen A 23 8.39 14.48
Kaolen B 30 6.56 5.00
Kaolen C 15 7.60 18.00
Kaolen D 38 9.60

Manyezit ve talk hammaddelerinin kimyasal bilesimleri
Tablo 3’de verilmistir. Manyezit icinde yaklasik agirlikca %
45 MgO, talk icinde Agirlikga % 31.5 MgO bulunmaktadir.

Tablo 3. Manyezit ve talk hammaddelerinin kimyasal
analizleri (% agirlikga).
SiO; AlLO; Fe,03 CaO MgO  Ates Zayiati

Manyezit  3.00 0.00 0.28 250 45.00 49.22
Talk 59.00 1.49 029 0.82 3150 7.00

Biinye Gelistirme Calismalari

Biinye gelistirme ve deneysel ¢aligmalar Ankara Seramik
Porselen A.S. Ar-Ge Merkezi laboratuvarinda ve pilot iiretim
alaninda yapilmistir. Hammaddeler belirlenen kompozisyon
degerlerine gore terazide tartilmig, 6giitme islemlerinde 150
kg kuru madde kapasiteli aliimina bilyali degirmen
kullanilmistir. Degirmenden alinan ¢amur numunesi
Mastersizer 2000 cihazindan tane boyutu ve dagilimi dl¢imii
gergeklestirilmistir. Camur numunelerinin ortalama tane
boyutu 8-9 pum araligina gelene kadar 6gilitme iglemine
devam edilmistir. Degirmende hazirlanan ¢amurlar 63 pm
elekten elenerek siirekli karistirmali karistiricida 3 saat
karigtirilarak  homojenlestirilmesi saglanmistir. Camurlar
stirekli karigtirict tanktan pnomatik pompa ile filter prese
aktarilmigtir. Suyu uzaklastirmigs camur kekleri yaklasik
%19-21 nem degerine gelene kadar 13 bar basingta filter
preste bekletilmistir. Hazirlanan kekler 9 devir/dak. hizla
donen vakum presten gecirilerek homojenlestirilmistir.
Vakum presten ¢ikan vakumlanmis ve preslenmis ara tiriiniin
yaklagik 30 mm c¢apindaki ¢ubuklarin rutubeti % 20 ve
sicakligt 35 °C’ dir. Cubuklarin kurutma islemi 110 °C

sicakliktaki Niikleon marka etiivde, nem igerigi %1 in altina
inene kadar gergeklestirilmistir. Cubuklar, 0.3 m® hacimli
dogalgazli pilot iiretim firinda isletme pisirim g¢evrimi
programimda maksimum sicakligi 1205°C olacak sekilde
pisirilmistir. Camurlarin viskozitesi ve yogunluk degerleri
sirastyla UVE marka fordcup viskozimetre ve TQC VF 2099
marka piknometre ile 6l¢lilmistiir. Camurlarin tane boyutu
ve dagilim1 Mastersizer 2000 cihazi ile 5 6l¢limiin ortalamasi
alinarak tayin edilmistir. Elek analizleri Retsch marka
elekler kullanilarak yas elek analizi metodu ile yapilmistir.
Kuru miktar tayini AND MX-50 marka nem tayin cihazi
kullanilarak yapilmistir. Ekstriizyon sonrasi {iriinlerin kuru
ve pisme kiiciilmeleri Mitutoyo marka dijital kumpas
kullanilarak o6lgiilmiistiir. Hazirlanan numunelerin fiziksel
ozellikleri (% pisme kiiglilmesi, % goriniir (agik)
gozeneklilik, % su emme, % pisme mukavemeti,) TS11237
EN 60672-2 standardi temel alinarak  testler
gerceklestirilmistir. Kuru ve pisme mukavemet testleri igin
ekstriizyon kullanilarak hazirlanmis olan silindir seklindeki
orneklemler Zwick/Roell marka 3 noktali egme cihazi ile
mukavemetleri hesaplanmistir. Boya niifus(fuksin) deneyi 1
litre % 50 lik alkol ile 1 gram bazik Fuchsine ilave edilerek
hazirlanan  ¢ozeltiye pismis numuneler koyularak
Chemisches Laboratorium Tonindustrie marka test cihaziyla
90 MPa’lik basingla 3 saat siireyle test gergeklestirilmistir.
% su emme ve Goriiniir(agik) gozeneklilik testleri Arsimet
prensibi baz alinarak test edilmis ve hesaplanmistir.
Standarda gore % su emme hesaplamalar1 pisme sonrasi
elektroporselen biinyesinden almman parcalar 3 saat
kaynatildiktan sonra, parcalar su i¢inde kalacak bicimde oda
sicakligina kadar soguduktan sonra 6l¢tilmiistiir. Olusturulan
recetelerin deformasyon Olgiimleri i¢in vakum presten
ekstriide edilen biinye gubuklari ayni boyutlarda hazirlanmig
ve iki sabit destek arasinda isletme pisirim ¢evrimine gore
sinterlenmistir. Pisme sonrasi deformasyon degerleri
milimetrik kagit ile dlgiilerek hesaplanmigtir. XRD-X-1g1n1
kirinimi (Rigaku MiniFlex, Japonya) ile analiz edildi ve
fazlar1 belirlemek i¢in monokromatik Cu-Ka radyasyonu (A
= 1,5406 A) kullanildi. Numuneler 2°/dak. tarama hizinda
10°-70° (20) arasinda analiz edilmistir. Mikro yapisal
degisimini gozlemlemek igin enerji dagilimhi X-isin1
spektrometrisi (Phenom -ProX) ile Elektron mikroskobu
(SEM) kullanildi. Standart izolator biinyesindeki feldispat
miktar: kiitlece yiizdesi; sirastyla % 0.5 -1 ve 3 oranlarinda
azaltilarak yerine ayni oranlarda magnezyum oksit kaynagi
talk ve manyezit ilave edilmistir. Standart biinyeye ve
deneme regetelerine ait kimyasal analizi sonuglar1 Tablo 4 ve
5’ de verilmistir listelenmistir.

Tablo 4. Standart biinye ve manyezit i¢erikli deneme
recetelerine ait kimyasal analizi sonuglari.

SiO+AlLO3 Fe,03+TiO, CaO+MgO Na,O+K,0O Ates

Zayiati

Standart 88.75 1.25 0.42 5.28 4.29
% 0.5

. 88.33 1.25 0.66 5.22 4.54
Manyezit
%l 87.92 125 0.89 5.15 478
Manyezit
o)
%63 . 86.25 1.26 1.83 4.89 5.76
Manyezit
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Manyezit ilavesiyle (Tablo 4) MgO oraninda belirgin bir
artis olmustur. Manyezit ilavesi feldispat yerine yapildigi
icin toplam alkali miktarinda azalma olmustur. Manyezit in
ates zayiatinin yiiksek olmasindan dolay1 toplam ates zayiati
da manyezit ilavesi ile yilikselmistir. Toplam SiO2+Al;O3
miktarinda da bir miktar azalma belirlenmistir.

Tablo 5. Standart biinye ve talk igerikli deneme recetelerine
ait kimyasal analizi sonuclart.

SiO,+AlLO; Fe,03+TiO; CaO+MgO Na,O+K,0 Ates

Zayiat1

Standart 88.75 1.25 0.42 5.28 4.29
0,

/0.5 88.62 125 0.58 5.22 433
Talk

%1

i 88.49 1.26 0.74 5.15 4.36
%3

i 87.98 1.26 1.38 489 45

Talk ilavesi (Tablo 5) manyezitte oldugu gibi toplam alkali
orani diigmiis toprak alkali miktar1 yiikselmistir. Ates zayiati
manyezite gore daha az ylikselmistir.

Hacim (%)
ol
(S I SRV R VL RS, I, )

2
=

2
e

1 10 100 1000

Tanc Boyutu (pm)

—STANDART —9%0,5 MANYEZIT —%1 MANYEZIT =~ — %3 MANYEZIT

Sekil 1. Standart ve manyezitli deneme recetelerine ait
biinyelerinin tane boyutu ve dagilimu.

(¥ &~
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o i W in s in o

Hacim (%)

-

o

1 1 10 100 1000

Tane Boyutu(pm})

—STANDART  —%0,5 TALK —%1 TALK —%3 TALK

Sekil 2. Standart ve talkli deneme regetelerine ait
biinyelerinin tane boyutu ve dagilimu.

Tane boyut grafikleri Sekil 1’de verilmistir. Talk ve manyezit
ilave edilmis porselen izolatdr biinyesi icin tane boyut
dagilimlar1 genis bir aralikta homojen bir dagimi gostermistir.
Gelistirilen receteler ve standart regete arasinda bir fark
belirlenmemistir. Tablo 6’da ¢amurlarin Dio-Dsp ve Dgo
degerleri verilmistir. Buna gore biitiin ¢camurlar i¢in ortalama
tane boyutu (Dsg) 7.781-8.518 mikron aragindadir.

Tablo 6. Standart biinye, manyezit ve talk icerikli deneme
recetelerinin tane boyutu analizi sonuglar1 (mikron).

Mikron(pm) Dio Dso Dgo
Standart 1.334 8.138 33.644
% 0.5 Manyezit 1517 8.360 33.282

920

% 1 Manyezit 1.308 7.781 33.383
% 3 Manyezit 1.337 7.849 33.696
% 0.5 Talk 1.399 8.518 35.000
% 1 Talk 1.350 8.204 33.336
% 3 Talk 1.395 8.451 33.197

Bulgular ve Tartisma
Teknolojik Ozellikler

Manyezit ve talk hammaddelerinin standart recgetedeki
feldispat ile yer degisim orani arttirildik¢a % pisme kiiciilme
degerinin artti1 belirlenmistir. Manyezitli numunelerde
pisme kiiclilme degeri standart biinyeye yakin olmakla
beraber bir miktar artmistir. En yiiksek kiiciilme degeri % 3
manyezitli numunededir. Talk ilavesi kii¢iilme {izerinde daha
etkili olmustur. % 3 Talk ilavesi ile kiigiilme degeri % 10.15
e yiikselmigtir.  Goriiniir kati  yogunlugu, goriiniir
gozeneklilik, su emme degerleri degerlendirildiginde standart
ile benzer degerler oldugu belirlenmistir. % 3 manyezit ilaveli
biinyede bu degerler yiikselmis ve standart degerlerin iizerine
cikmustir.

Deformasyon porselen izolatér iiretiminde Onemli bir
parametredir. Biinye bilesimine olduk¢a bagli olan belirli bir
sicaklikta, seramik malzeme artik sert kat1 gibi davranmaz ve
mekanik bir gerilim uygulandiginda piroplastik deformasyon
adi verilen kalict bir deformasyon meydana gelir.
Deformasyonun derecesi, sivi fazin miktar1 ve viskozitesinin
yan1 sira uygulanan mekanik stresle de ilgili olan sistemin
goriiniir viskozitesine baghidir [16, 17].

Ozellikle yiiksek gerilim izolatorleri gibi biiyiik kiitle ve
hacimlere sahip iriinlerde sinterlenme esnasinda kendi
agirliklarina dayanamayarak sekil bozukluklart ve siinme
davranislari olusabilmektedir. Teknik ozellikler
incelendiginde en Onemli farklilardan biri deformasyon
degerleridir. Toprak alkali ilavesi ile birlikte deformasyon
degerlerinde biiyiik farklar olusmustur. Toprak alkaliler,
amorf fazin viskozitesi ve yeni olusan fazlarin gelismesi
iizerinde yiiksek etkiye sahiptir [18-20]. Bu farkin olugan
camsi faz miktart ve olugan amorf fazin viskozitesinden
kaynaklandigi diistiniilmektedir. Biinyede bulunan MgO’nun
viskozitesi daha diisiik, daha fazla miktarda camsi faz
olusumunu saglamaktadir. Buda yiiksek sicaklik viskozitesini
arttirmaktadir.  Sirli ve sirsiz pisme mukavemet degerleri
manyezit ve talk ilave miktarmin artmasiyla diismektedir. Bu
sonug kirilgan camsi faz miktarinin artmasiyla agiklanabilir.
Camsi fazin miktarindaki artig ve viskozitesinin diismesi ile
birlikte porselen biinyelerin  deformasyon davranisi
kétilesmektedir [21-23]. XRD sonuglart karsilastirildiginda
olusan fazlar ve miktarlar1 arasinda bir fark gézlemlenmedigi
icin olusan kristal fazlarn aynm1 miktarda oldugu
ongoriilmistiir (pik yiikseklikleri karsilastirildiginda). TS
11237 EN 60672-3 standardina gore C110 izolator massesi
sirlt olarak en az 60 MPa (611.8 kg/cm?) ve C120 izolatdr
massesi sirli olarak en az 110 MPa (1121.6 kg/cm?) egilme
mukavemeti degerine sahip olmalidir. CI110 masse
gerekliliklerine % 3 manyezitli ilave standart dis1 olarak
degerlendirilmistir. Mukavemetteki bu diisiisiin bir sebebi de
yogunluktaki diisiis sebebiyle su emme ve goriiniir
gozeneklilikte artig ile de agiklanabilir. Gozenek miktarinin
artmasiyla mukavemette diisiis belirlenmistir.
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Manyezit ve talk ilaveli biinyelerin pisirim sicaklik ve salinimindan kaynaklanan gazlar igeren kapali gdzeneklere
siirelerinin yiiksek oldugu degerlendirilmistir. Bu ilavelerin doniisiir [34]. Artan sicaklik nedeniyle, kapali gdzeneklerin
ilave edilmesiyle daha diisiik sicaklik ve siirelerde denemeler icinde sikigan gazin basinct artar, bu da boyutlariin
yapilarak camsi faz miktar1 ve viskozitesi kontrol edilebilir. biiyiimesine neden olur ve dolayisiyla parganin genislemesini
Bu sayede diisiik sicakliklarda elektroporselen iiretilmesi yardim eder [34, 35].

miimkiin olabilecegi degerlendirilmistir.

Tablo 7. Standart ve Deneme Regetelerine Ait Biinyelerinin Fiziksel Ozellikleri.

Goriiniir

Pisme Deformasyon Kat1 Goriiniir Su Sirsiz Pisme_ Sirh Pisme.
Kiiciilmesi (mm) Yogunlugu Gozeneklilik Emme Mukavemeti Mukavemeti
% (oriem’) (%) %)  (kg/em?) (kg/em?)

Standart Biinye 9.07 14 243 0.25 0.10 1041.3 1162.2
% 0.5 Manyezit 9.08 15 241 0.13 0.05 1093.0 1102.5
% 1 Manyezit 9.15 23 241 0.23 0.09 853.1 965.5
% 3 Manyezit 9.27 65 2.38 1.77 0.77 572.5 580.5
% 0.5 Talk 9.56 23 241 0.09 0.03 893.4 1008.7
% 1 Talk 9.85 25 2.40 0.11 0.04 862.7 1008.3
% 3 Talk 10.15 67 2.38 0.24 0.10 665.7 752.3

Yapilan fuksin testinde % 3 manyezitli numune digindaki
biitlin numuneler standardi kargilamaktadir (Sekil 3). % 3 Faz (XRD) Analizi
manyezitli numunenin goriiniir gézeneklilik miktar1 % 1.77
su emme degeri ise % 0.77 olarak analiz edilmistir. Her iki
degerinde yiiksek olmasinin sebebi ayni zamanda
yogunlugun diisiik olmasindan dolayr bu numunenin asirt
pismis olabilecegi degerlendirilmistir(over-firing).

Sekil 4’de standart ve manyezit numunelerine ait normalize
edilmis X-1sinlar1 difraktometresi sonuclart vardir. Yapilan
analizde ana faz olarak kuvars ve miillit belirlenmistir.
Biinyeye ilave edilen manyezit ayr1 bir faz olusturmadigt
belirlenmistir. Kompozisyona ilave edilen farkli oranlardaki
manyezitin camsi/amorf faz i¢inde oldugu degerlendirilmistir
[37]. Millit faz miktar1 pik yiiksekliklerine gore
kiyaslandiginda biitlin kompozisyonlarda benzer olarak
degerlendirilmigtir. Miillit porselen biinyenin mukavemeti
tizerinde olumlu etkisi oldugu bilinmektedir. Zoelner,
porselen biinyede birbiri i¢ine gecmis (kenetlenmis) ignemsi
miillit tanelerinin mukavemeti artirdigini belirlemistir [38].
Bunun yami sira bir¢ok caligmada da miillit miktarinin
artmasiyla dogru orantili olarak mukavemetin de arttig1

a b belirtilmistir[39, 40]. ignemsi miillitler, yiiksek sicakliklarda,

) o ) daha az sayida biiyiik igneler seklinde bilyiiyebilirler. Biiyiik
Sekil 3. a) % 3 Manyezitli kompozisyon, b) Standart ignemsi tanelerin kiigiik taneler gibi etkili baglanamamasi
kompozisyon. mukavemetin azalmasma neden olur. Bu yiizden uygun

boyutlu ve dogru miktardaki ignemsi miillit tanelerinin
olusumu 6nemlidir. ignemsi miillitlerin olusumunda ve
morfolojisinde pigsirme sicakligi 6nemlidir[41]. Artan
manyezit miktar1 ile sirli ve sirsiz mukavemetin (Tablo 7)
diisiisic kirllgan camsi/amorf miktarin fazla olmast ve
porozite miktarindaki artig ile agiklanabilir.

Seramik triinlerin, 6zellikle yiiksek derecede camlasmaya
sahip olanlarin, pisirmenin son agamasinda genislemesi veya
"sigsmesi" yeni veya alisilmadik bir olgu degildir [24]. Daha
siddetli vakalarinda, iriinler yiizeyde kabarcik goriinimii
gosterdiginden kolayca algilanirlar [25]. Bu olguya asirt
pisirme denir [26] ve birgok durumda pisirme sicakliginin
artmasi [27], akiskanlagtirici maddelerin kullanimi [28, 29]
gibi  durumlarda  gozlenirken,  aksine,  refrakter
hammaddelerin  artmasi  goriiniimiinii  yavaslatir  [30].
Boyutsal ve estetik yiizey degisikliklerinin Gtesinde, asiri
pisirme, mekanik mukavemet [31], sirli teknik porselen
karolar durumunda leke direnci [32] ve elastik modiil [27]
gibi  porselen karolarin  Snemli  Ozelliklerini  ve
karakteristiklerini olumsuz etkiler. Bunun nedeni, asirt
pisirmenin  gozenekliligin evrimiyle yakindan iliskili —e A
olmasidir, asir1 pisirmenin en yaygin nedeni gozeneklerde ‘\
gazlarm tutulmasi veya ismeye veya kabgrmklanmaya peden R | S e

olan gazlarin evrimidir [26]. Firina giren driindeki tiim - = ~ =
gozenekler agilir. Pigirme sirasinda agik gézeneklerin hacmi Difraksiyon s (26)

azalir ve bu da karolarin biiziilmesine yol acar. Pigsirmenin son = Standart - =03 Manyezit “—isliManyeats =% Manyeat
asamasinda kalan acik gozeneklerin bir kismi, {irlin

reaksiyonlarmin [33] veya hatta firmin atmosferinin
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\\\\\\

Siddet (cps)
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Sekil 4. Standart ve manyezit kompozisyonlarina ait XRD
analizi grafigi.

Sekil 5°de standart ve talk numunelerine ait normalize
edilmis XRD sonuglar1 vardir. Gelistirilen biinyelerde ana
faz olarak kuvars ve miillit belirlenmistir. Recetelere ilave
edilen farkli oranlardaki talkin camsi/amorf faz iginde
dagildig1 ikincil bir faz olusturmadigi degerlendirilmistir.
Manyezit ilavesinin etkisi ile benzer dzellikler gosterdigi
belirlenmistir.

M O™ m 2y yy Qo

Siddet(cps)

vt T APl NAP i o ANt Nt

Difraksyon ag1s1(20)

Standart —%0.5 Talk %]1 Talk %3 Talk

Sekil 5. Standart ve talk kompozisyonlarina ait XRD analizi
grafigi.

Mikroyap1 Analizi

Sekil 5°de Elektron mikroskobu goriintiileri vardir. 500X
biiylitmedeki ikincil elektron goriintiileri incelendiginde
mikroyapilarin teknik 6zellikler (Tablo 7) ile uyumlu oldugu
belirlenmistir. Faz dagilimlari homojen bir sekildedir.
Poroziteler biitiin numunelerde dairesel sekillidir. En diisik
porozite miktarina % 0.5 manyezitli ve % 0.5 Talk iceren
numuneler oldugu belirlenmistir. En yiiksek gdzenek miktart
% 3 manyezitli numunedir. Bu numunenin goriiniir porozite
ve su emme degerleri de diger numuneler ile
karsilastirildiginda daha yiiksektir. Kuvars taneleri biitiin
blinyelerde homojen dagimistir. Kalinti  kuvarslarin
¢evresinde mikroskobik ¢atlaklar vardir. 25-50 mikron
arasindaki kuvars c¢evresindeki c¢atlaklar mikro ¢atlak
toklastirma  mekanizmasi  olarak  hareket  ederek
mukavemetleri olumlu etkilemektedir [30,42]. Tim
kompozisyonlar igin kalint1 kuvars tanelerinin boyutu 40 um
altindadir. % 3 manyezitli numunede goriilen gozeneklilik
miktarinin fazla olmasi, goreceli olarak kalinti kuvars
miktarinin az olmasi, yiikksek piroplastik deformasyon bu
biinyenin asir1 piserek por kabalasmasina sebep oldugu
diigiiniilmektedir.

Genel Sonuglar

MgO igeren toprak alkali hammaddelerden talk ve manyezit
segilerek elektro porselen biinyenin teknik 6zelliklerine olan
etkisi incelenmistir. Porselen izolator biinyesinde sistematik
olarak feldispat yerine % 0.5-1 ve 3 ikame ettirilerek teknik,
oOzellikleri tizerine olan etkisi incelenmistir.

Manyezit ve talkin kompozisyonlara ilave edilmesi ile
mukavemet, yogunluk azalmis, gézeneklilik, su emme, pisme
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kiiciilmesi ve deformasyon artmistir. En 6nemli degisiklik
deformasyonda belirlenmistir. Deformasyon artist olusan
camsi/amorf faz miktar1 artist ve yiliksek sicaklik
viskozitesinin diismesi ile agiklanmistir. Mukavemetteki
belirgin diisiis ise kirilgan camsi faz miktarindaki artig
kaynakli oldugu degerlendirilmistir. Yine manyezit ve talk ile
sisteme ilave edilen MgO’nun ayr1 faz olugturmadi ve camsi
faz i¢inde yer aldig1 belirlenmistir.

Mikroyapida belirgin bir fark gézlemlenmemekle birlikte %3
manyezit ilavesinin biinyenin fazla pismesine sebep olarak
gozeneklerin  biliyliimesine, bdylelikle standart fuksin
testinden gecemedigi belirlenmistir.

MgO igeren toprak alkali kaynaklarmm kullanilarak daha
diistiik sicakliklarda ve siirelerde pisirim gergeklestirilerek
camst/amorf faz miktar1 ve viskozitesinin kontrol edilerek
standartlara  uygun elektro porselen iiretilebilecegi
ongorilmektedir.
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Sekil 6. Geri yansiyan elektron -Elektron mikroskobu goriintiileri-500 X-A: Standart, B: %0.5 Manyezit, C: %0.5 Talk, D:%3
Manyezit, E: %3 Talk.

Tesekkiir

Bu c¢alismanin gergeklestirilmesinde biiyiik katki saglayan
Ankara Seramik Porselen A.S. Ar-Ge Merkezi’ne tesekkiir
ederiz. Merkez, sundugu degerli kaynaklar ve teknik destek
ile arastirmamizin kalitesini artirmis, ilerlemesine Onemli
Ol¢iide katkida bulunmustur.
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Diinya niifusundaki hizlanan artig ve buna paralel olarak dogal kaynaklarda meydana gelen azalma mevcut
kaynaklarin maksimum verim ile kullanilmasint zorunlu hale getirmektedir. Yetersiz yagis, buharlagma,
jeolojik yapmin degismesi, insan faktorii gibi ¢esitli meteorolojik, hidrolojik, jeolojik, sosyolojik olaylar
sonrasinda bir bélgedeki suyun miktarinin azalmas: ile kuraklik meydana gelir. Kuraklik ile ilgili olarak
literatiirde temeli matematiksel denklemlere dayanan ve yagis, sicaklik, evapotranspirasyon vb. verileri
kullanan cesitli kuraklik indeksleri bulunmaktadir. Ulkemizde kuraklhik indeksleri ile gergeklestirilmis olan
kuraklik analizlerinde genel olarak uzun donemli verilere sahip olunmasi ve ¢ogu bolgede gozlem
istasyonu bulunmasi sebebiyle yagis ve akim verileri kullanilmaktadir. Bu ¢aligmada da yagis ve akim
gbzlem istasyonlarina ait veriler kullanilarak iki farkli kuraklik indeksi (Standartlastirilmis Yagis indeksi,
Akim Kuraklik Indeksi) ile kurakligin yogun bir sekilde gozlendigi Konya Kapali Havzasinda kuraklik
analizi yapilmistir. Calisgmanin amaci 6zellikle Konya Kapali Havzasi igin giincel verilerle ve miimkiin
oldugu kadar ¢ok sayida gozlem istasyonu verisi ile yapilmis toplu bir kuraklik analizinin sunulmasidir.
Calisma sonucunda yagisa bagl kuraklikta bariz bir egilime rastlanmazken akima bagl kuraklikta artma
oldugu; akim kurakligmim yagisa gore daha uzun siirdiigii gibi sonuglara varilmistir. Ayrica akimdaki ¢ok
siddetli kuraklik sinifi oraninin yagistakine gore bariz bir sekilde daha fazla oldugu, orta ve siddetli
kuraklik smiflarmm yagis ile karsilastinldiginda akim igin istasyon bazinda daha cok degistigi
goriilmektedir. Bu gikarim akimda goriilen kurakligin yagisa gore daha degisken ve etki bakimindan ayri
bir 6nemle degerlendirilmesi gerektigini ortaya koymustur.
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* Sorumlu Yazar

The accelerating increase in the world population and the consequent parallel decrease in natural resources
make it necessary to use the existing resources with maximum efficiency. Drought may occur because of
the decrease in water amount in a region; as a result of various meteorological, hydrological, geological
and sociological events such as insufficient precipitation, evaporation, change in geological structure,
human factor. There are various drought indices developed by researchers in the literature based on
mathematical equations and using data such as precipitation, temperature, evapotranspiration, etc. In
drought analyses carried out with drought indices in our country, precipitation and flow data are generally
used because they have long-term data and there are observation stations in most regions. In this study,
drought analysis was carried out with two different drought indices (Standardized Precipitation Index,
Streamflow Drought Index) using the data of precipitation and flow observation stations in Konya Closed
Basin where drought is intensively observed. The aim of the study is to present a collective and
summarized drought analysis with more station data for adequate interpretation, particularly in comparison
with the most recent data for the Konya Closed Basin. As a result of the study, it was concluded that
although there is no obvious trend in precipitation-related drought, there is an increase in flow-related,
drought in flow lasts longer than precipitation. In addition, the proportion of extreme drought classes is
significantly higher for flow than for precipitation, and moderate and severe drought classes show more
variability on a station basis for flow compared to precipitation. This conclusion revealed that drought in
flow is more variable than in precipitation and should be considered separately in terms of its impact.
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Giris

Diinya niifusunda g6zlenen artig ivmesi ve bunun sonucunda
dogal kaynaklarda ortaya ¢ikan hizli tiikenme egilimi mevcut
kaynaklarin maksimum verim ile kullanilmasini zorunlu hale
getirmektedir. Canli yasaminin temel gereksinimlerinden
olan suyun korunmasi yasanabilir bir gelecek i¢in bilytlik bir
Oneme sahiptir. Yetersiz yagis, buharlagsma, jeolojik yapmin
degismesi, insan faktorii gibi ¢esitli meteorolojik, hidrolojik,
jeolojik, sosyolojik olay bir bolgede suyun miktarinin
azalmasina neden olmakta, bunun sonucunda kuraklik
meydana gelebilmektedir. Kuraklik takibinin yapilabilmesi
i¢in, doga ve doganin bir pargasi canlilarin elzem ihtiyaci olan
suyun atmosferden yeraltina kadar olan hidrolojik siirecinin
gozlenmesi gerekir. Kuraklik hakkinda degerlendirme
yapilabilmesi i¢in temeli kiitle ve enerji korunum esash
matematiksel ~ denklemlere  dayanan, s6z  konusu
denklemlerde girdi verisi olarak yagig, sicaklik, nem,
evapotranspirasyon  verisini  kullanan farkli  kuraklik
indeksleri mevcuttur. Matematiksel hesaplamalarda tekil veri
kullanimi girdi olarak kullanildig: gibi kombine edilmis farkli
verilerin birlikte kullamlmasi da miimkiindiir. Kuraklik
indeksi ile ilgili yapilan ¢alismalarda, kolaylikla temin
edilebilmesi nedeniyle daha ¢ok yagis ve akim verileri tercih
edilmektedir.

Bu arada, iilkemiz toplam alaninin yaklasik %7'sini
kaplayan Konya Kapali Havzasi tarimsal iiretim bakimindan
onemli bir bolgedir. Havza Tiirkiye nin tarim yapilabilir arazi
varliginin %14’inii olustururken, kullanilabilir su kaynaklari
potansiyelinin sadece %3 iine sahiptir [1]. Havzanin ortalama
yagist Tiirkiye ortalamasinin oldukca altinda olup yaklasik
380 mm civarindadir [2]. Konya Havzasi’nin kurakliga karst
hassasiyeti ile ilgili gerek kamu kurumlari tarafindan gerekse
akademisyenler tarafindan yapilmis g¢aligmalar mevcuttur.
SYGM (2015) tarafindan sunulan Konya Havzas1 Kuraklik
Yénetim Planinda Standartlastirlmis Yagis Indeksi (SYT),
Palmer Kuraklik Siddet Indeksi , Ering Kuraklik Indeksi vb.
basta yagis ve sicaklik olmak iizere meteorolojik degiskenlere
dayali kuraklik analizi yapilmistir [3]. Atmaca (2011)
yalnizca Konya ili i¢in aylik toplam yagis miktarlarini
kullanarak L-moment algoritmasi ile ¢alisma alani homojen
bolgelere aywmus ve SYI ile kurakhk analizi
gergeklestirmistir [4]. Dogan (2013) Konya Kapali Havzasi
igerisinde yer alan 12 yagis istasyonuna ait 1972-2009 yillari
arast yagis verisi ile Normal Yagis Yiizdesi, Yagis
Kuyruklar1, Z-Skoru, Cin Z Indeksi, SYI ve Efektif Kuraklik
Indeksi yontemleri ile karsilastrmali kuraklik analizi
gerceklestirmistir [5]. Giirler (2017) yalnizca Beysehir ve
Konya  Cumra-Karapmnar  alt  havzalarmda  SYI,
Standartlastirilmis ~ Akim  Indeksi,  Standartlastirilms
Yeraltisuyu indeksi , Standartlagtirilmis Depolama Hacmi
Indeksi kullanarak Karsilastirmali kuraklik analizi yapmistir
[6]. Ersoy (2019) Konya bolgesi igin Yapay Sinir Aglari
(YSA) yontemini kullanarak 1971-2014 yillart arasi aylik
toplam yagis verilerinden hesaplanan SYT degerlerini tahmin
etmeye calismigtir [7]. Bayer Altin (2019) yine havza
icerisinde yer alan 4 akim gozlem istasyonuna ait akim
verilerini  kullanarak, Akim Kurakhik Indeksi (AKI)
degerlerini bulmus ve Mann-Kendall yodntemine gore
indekslerinin egimlerini belirlemistir [8]. Bayc¢inar (2020)
Konya Havzasmdaki bazi istasyonlarm 1981-2010 yillar1
arasinda elde edilen sicaklik ve yagis verilerinden hareketle
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SYI, Normalin Yiizdesi Indeksi, Aridite Indeksi ve
Standartlastirilmis  Yagis Evapotranspirasyon Indeksi ile
faktor analizini birlestirerek kuraklik indekslerinin ortak
kullanimin1 degerlendirmistir [9]. Saris ve Gedik (2021),
Konya Havzasi i¢in 11 meteoroloji istasyonunun degisik
uzunluklarda kaydedilmis aylik toplam yagis verilerinden
SYI degerlerini hesaplamis ve gidisler Sinamasi ile kuraklik
indeksi degerlerindeki 1srar bilesenini belirlemis ve farkl
kuraklik siniflarma  gore kurakligin siddetini
degerlendirmistir [10]. Tugrul ve Hinis (2023) Konya Kapali
Havzast igerisinde yer alan Apa Baraji Havzasina ait yagis ve
akim verilerini kullanarak Normallestirilmis Yagis Indeksi ve
AKI degerlerinin trend analizini gergeklestirmislerdir [11].
Geyikli (2023), Konya Havzasi ile birlikte Yesilirmak ve
Kizihrmak Havzalari i¢in SYI, Standartlastirilmis Yagis
Evapotranspirasyon Indeksi, Standartlastirilmis  Akim
Indeksi ve Kesif Kuraklik Indeksi kullanarak kuraklik
analizi gergeklestirmis, ancak Konya Havzasi i¢in herhangi
bir akim gozlem istasyonu verisi kullanmamistir [12].

Bu calismada, 6neminden dolay1 Konya Kapali Havzasi
calisma bolgesi olarak se¢ilmistir. Havzanin biitiiniinii temsil
edecek sekilde 10 yagis ve 18 akim gozlem istasyonuna ait
1935-2022 yillar1 arasindaki yagis ve akim verilerinden
hesaplanan SYI ve AKI karsilastirilmali olarak kuraklik
analizi i¢in sunulmustur. Calismada amag¢ Konya Kapali
Havzasi igin giincel verilerle karsilastirmali olarak yeterli
yorumlanmaya yo6nelik miimkiin oldugu kadar ¢ok sayida
istasyon verisi ile toplu bir kuraklik analizinin sunulmasidir.

Calisma Bolgesi ve Veri

Ic Anadolu bélgesinde bulunan Konya Kapali Havzasinin
kuzeyinde Sakarya ve Kizilirmak, dogusunda Kizilirmak ve
Seyhan, giineyinde Dogu Akdeniz ve batisinda Antalya ve
Akargay havzalar1 yer almaktadir. Havza yiizdlgimi
49.805,34 km? olup Tiirkiye'nin yaklasik %7'sini teskil
etmektedir. Havza arazisinin %356’lik kismini meralar da
dahil olmak iizere tarim alanlar1, %37’sini ise orman ve yar1
dogal alanlar olusturur. Havza’daki tarim alanlarmin biiyiik
bir kismi1 Konya ilinde yer almaktadir. SYGM (2024)’ye
gore havzanin en Onemli sorunlarini asir1 yeraltt suyu
kullanimi, yeriistii sularma endistriyel ve aritilmamis
kentsel desarjlar, hidromorfolojik degisiklikler ve kuraklik
riski olusturmaktadir [13].

Havza kuraklik analizi i¢in havza genelinde 10 adet yagis
gdzlem istasyon (YGI) ve 18 adet akim gozlem istasyonu
(AGI) kullamlmistir.  Ozellikle AGI’lerin  miimkiin
oldugunca dogal akim olmasina dikkat edilmis, bu konuda
DSI ile gesitli goriismeler yapilarak kullanilacak AGI’lere
karar verilmistir. Bu istasyonlara ait genel bilgiler Tablo
1°de, havza konumlari ise Sekil 1°de verilmistir.
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N Yontem

Standartlagtirilmis Yagis indeksi (SYI)

Al

McKee ve dig. (1993) tarafindan gelistirilmis olan bu indeks
olasilik¢t bir donistirmeye dayanmaktadir [14]. Yagisin
gamma dagilimma uydugu kabul edilmekte, bu dagilim
normal dagilima doniistiiriilmekte ve ortalama yagis degeri
cikarilmig yagis standart sapmaya boliinmektedir. Bu sekilde
elde edilen standart normal dagilim, kuraklik
degerlendirmesi  amaciyla  kullanilan  bir  indekse
doniismektedir. Standart Yagis indeksi (SYI) olarak bilinen
bu indeks

A YGI X

i
50 25 0 50 km ® aci SPl = J

Al7192
D16A098

D16A0T3 A17244 msAnsa’\" 0
D18A100

D16A, sa. A17242 17902

{6A015®

[ ] i
“Imsmm A17900

®
D16A16S Aa7248
I]'\BA1M].
@ D16A141

- X im (1 )
Sekil 1. Konya Kapali Havzasinin genel goriiniimii ve

i ile hesaplanmaktadir. Burada, X;j: i yagis istasyonununun j
kullanilan yagig ve akim gozlem istasyonlarinin konumu

gozlemindeki aylik yagisi, Xim: uzun doénemli yagis
ortalamasini, o: standart sapmayi ifade etmektedir. SYI

Tablo 1. Calismada kullanilan yagis ve akim gézlem degerleri 1, 3, 6, 9, 12, 24 ve 48 aylik (SYI1, SYI3, ...,
istasyonlarinin karakteristikleri SYi48) indeksler seklinde farkli zaman olgekleri icin
hesaplanabilir.
B £3 ort. . . .
No Adi Koordinat = *§ S Yagis Akim Kuraklik Indeksi (AKI)
S o8 (mm)

17191  Cihanbeyli  38°39'K  32°55D 968  1958-2021  26.74 Nalbantis ve Tsakiris (2009) tarafindan gelistirilen bu

17192 Aksaray 38°922K  33°59D 963  1964-2021  28.81 indekste aylik akim verileri (Qi;) kullanilarak hidrolojik
§ 17242 Beysehir 37°40K  31°44'D 1144  1960-2022  41.29 kuraklik degerlendirmesi yapilabilmektedir [15]. Aylik akim
< 17244  KonyaHav. 37°59'K  32°34D 1020 1929-2022  27.47 verisi hacimlerine ait zaman serisinin Q; ; ile gosterilmesi
é 17246 Karaman 37°11'K - 33°13D 1026  1959-2022  27.75 halinde i, hidrolojik y1l1 ve j, su y1ili igerisindeki ay1 (j=1 igin
N 17248 Eregli 37°31'K 34°2D 1047 1964-2020  25.58 Ekim, j=12 i¢in Eyliil) ifade etmektedir. Buna gore,
Q17250  Nigde 37°57K  34°40D 1212 19352022  28.37
g 17754 Kulu 39°4K  33°3D 1012 10692011 3241 ”

17900  Gumra 37°33K  32°47D 1015 19712011  26.99

17902 Karapmar ~ 37°42'K  33°31'D 998  1967-2011  24.00 Vi = Z Qj, t=12..j=12..12 k=1234 (2)

ort. j=1
(’?nkg',g Burada; i hidrolojik yil ve k referans periyodu olmak iizere
D16A013 Celtck K. 38°1'K  31°1I'D 1145 19602020  0.93 Vi kﬁmﬁlatlf akim hacmln! .Ifade eder._Orneg%n; Ek.lm'
” Aralik i¢in k = 1, EKim-Mart i¢in k = 2, EKim-Haziran igin k
D16A015 Ustiinler 37°36K  31°35D 1126 19922020  1.41 = 3 ve Ekim-Eyliil i¢in k = 4.
DIOA02S NalamaC. 379K 332§D 125 19572020 168/, kiimiilatif akim hacmine dayanarak, i hidrolojik yilina ait
D16A065 Derebucak — 37°2K  31°28'D 1212 1976-1998  4.06 her bir k referans periyodu i¢in Akim Kuraklik indeksi (AKI)
D16A078 Tasagll 37°00K  31°53D 1095 1972-2020  3.07 asagidaki sekilde ifade edilmistir;
D16A089 E‘rkl"“af 38°2K  34°39D 1474  1995-2019  0.10 _
~ D16A098  Selime 38°17K  34°16D 1129 1999-2020 178 SDI;y, = @ i=12,., k=1234 €
2 DIGAI00 Kmuisie 375K 32°16D 1261 10842020  0.97 * ] o o
Z DI6A10l Asagiesence  37°35K 31°50D 1111 10732020 0.95 Vi ve Sy sirasiyla, uzun l.?lr zaman Suresince tahmin edilen k
£ referans periyoduna ait kiimiilatif akim hacminin ortalama ve
g DI6ALLLl YesildagK. — 37°32K  31°29D 1124  1992-2020  3.85 standart sapmasini ifade etmektedir. Bu indeksin hesabinda,
£ DI6AL15 Sorkun 37°9K  32°8D 1150 1976-2020  2.19 normalizasyon igin iki parametreli log-normal dagilimi
= kullanilir. Akimin dogal logaritmasimin alinmasi ile AKI

D16A117 Seyithasan  37°4K  33°13D 1140 1978-2020  0.43 8 A e
asagidaki sekilde ifade edilir:
D16A140 Aydinkent  37°24K  34°10'D 1161 1984-2020  3.63

D16A141 Halkapmar  37°25'K  34°11'D 1160 1990-2020  0.86 SDI; ) = y.;_—s’/k i=1,2,., k= 1,234 Q)
D16A154 Tolca 37°55K 31°29D 1199 1991-2020  0.12 vk

D16A158 Golyaka 37°43K  31°26D 1125 1992-2020  0.42 Vi = Vi), i=1,2., k= 1,234 o)
D16A166 Pnarcik 37°15K  32°16D 1125 1999-2020  3.09

Denklem (4)’te kullanilan yix; ortalamasi Y, ve standart

DI6A168  Sadiklar 37732K 32°16D 1167 19992020 023 sapmast Sy,k olan kiimiilatif akimin dogal logaritmalaridir,
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SYI veya AKI boyutsuz sayilar olup -oo ile +oo arasinda
degerler almaktadir. Bu indekslerin aldig1 degerler
kurakligin siddetini ifade etmektedir. Bu degerlere bagh
olarak literatiirde kuraklik siddet siniflandirmasi Tablo
2’deki gibi yapilmustir.

Tablo 2. SYI/AKI Degerlerine gére kurakhik smifi [14, 15]

SYI/AKI Kuraklik Sinifi
0 < SYI/AKI Nemli
-1.0< SYI/AKi <0 Hafif Kurak
-1.50 < SYI/AKi <-1.0 Orta Kurak
-2.0<SYI/AKi<-15 Siddetli Kurak

SYI/AKI <-2.0 Cok Siddetli Kurak

Analiz ve Degerlendirme

Konya Kapali Havzasinda bulunan 10 yagis gozlem istasyonu
i¢in hesaplanan SYi12 degerleri Sekil 2’de toplu olarak
sunulmugtur.  SYI hesaplanirken 12 aylik  6lgegin
secilmesinin nedeni &nceki ¢alismalara da dayanarak SY112
yardimiyla akarsu akimi, yeralt1 suyu gibi hidrolojik siirecler
icin kurakligin uzun doénemdeki etkilerini goérebilmektir.
Yagis istasyonlarindaki gézlem periyodu icerisinde SYI
degerleri genel olarak -2 ve +2 degerleri arasinda degismekte
ve ozellikle -1 ile +1 araliginda yogunlagmaktadir. Bir basgka
deyisle hafif ve orta kurak siniftan siddetli kurak sinifina
dogru goriilme olasilig1 azalmaktadir.

17192

s

17242

7”ﬂ?lrﬁi}lﬁiiifl‘fﬂfﬁi;ﬁi : \11 I

LTINS Wf«‘«-fﬂ'W |[i4‘.11,’iquk‘u.,_
B L [ ALRAN T ,,,j,,,,l‘ﬂ,ﬂl,,ij

u;a %** WH“]* ”W?L”V,MM\ \Mhu i s ’ W\m ;PLTWm :
o AL Y f ””””””””
o o
AT L Waa—y T
i R
4 AL T
: #‘ j '« I

Sekil 2. YGI’lere ait SYI12 degerleri

Sekil 2’de goriilecegi tizere kuraklik indeks degerleri igin
gozlem siiresi boyunca kayda deger bir artma ya da azalma
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goriilmemektedir. Nitekim [12] ve [16] caligmalarinda da
havzadaki YGI’lere ait yagis verilerinde belirgin bir artma
veya azalma bulunmamustir.

SY112’ye gore en kurak uzun dénemler (Tablo 3) YGI’ler
icin 30-59 ay arasinda degismekte yani 2 yildan fazla
siirmektedir. Istasyonlarda en uzun kurak dénem boyunca
goriilen en bilyliik kuraklik siddetleri ise -1.71 ile -3.16
arasinda degismektedir. Tiim gozlem periyodu igerisinde en
biiyiikk kuraklik siddeti degerleri en uzun kurak donemlerde
degil (1 YGI hari¢) daha kisa kurak dénemlerde yer
almaktadir. Tim gozlem siiresince elde edilen en biiyiik
kuraklik siddetleri -2.35 ile -3.39 arasinda degismektedir ve
en uzun kurak dénemde goriilen kuraklik siddetinden daha
biiyiiktiir. Bu durum daha kisa ancak daha siddetli donem igi
kurakliklarin daha etkin olabilecegine isaret etmektedir.
Cavus ve Aksoy (2020) ve Aksoy ve dig. (2021) tarafindan
kuraklik ve kurak donem arasinda bu nedenle yapilan ayirima
dikkat ¢ekmek gerekir [17, 18]. Ote yandan en uzun kurak
donemler ise tiim YGI’lere bakildiginda bir istasyonda 1958-
1963 arasi, 4 istasyonda 1970’lerden sonra ilk 5 yil, 2
istasyonda 1980 yillarinin basi ve son olarak 3 istasyonda ise
2003 ile 2008 yillart arasinda gdzlenmis olup tiim havzay1
etkisi altina alan tek bir en uzun kurak doénemden
bahsedilmektedir (Tablo 3).

Kuraklik smifi goriilme olasiliklar1 da Sekil 3’te her bir YGI
icin ayr1 ayri verilmistir. Havzada yalnizca kuraklik agisindan
bakildiginda hafif kuraklik siifinin gériilme olasiligi %61-
%72 arasindadir. Geri kalan kuraklik smiflarmin goriilme
olasilig1 degisiklik gostermekte, genel olarak c¢ok siddetli
kurak smnifinin  goriilme olasiliginin en az oldugu
anlasiimaktadir. SYI normal dagilima uydugundan ug
degerlerin goriilme olasilig1 disiiktiir, gok siddetli kurakligin
goriilme olasiliginin az olmasi da bu nedenle beklenen bir
durumdur.

Tablo 3. YGI’ler igin SY112 kurak dénem degerlendirmesi

En Uzun Kurak Donem S%?:slfnnc]e
vGi _ 2. _5323|.%3 i3
Periyodu §§ﬁ§§ g?} uﬁgg g?}

8 a2 2 2
17191 12/1970-03/1974 40 Sub.72 -2.30 | Ara.92 2.35
17192 [ 04/2003-09/2006 42 Mar.04 -2.20 | Eki.07 2.76
17242 | 01/1971-01/1975 49 Haz.74 -3.16 | Haz.74 3.16
17244 | 06/1958-04/1963 59 Oca.60 -2.17 | Eki.32 2.53
17246 | 05/2004-05/2007 37 Mar05 -2.41 | Mar.74 -2.46
17248 | 12/1981-04/1985 41 Kas.83 -2.36 | Ara.88 -3.39
17250 [ 03/1972-09/1976 55 Agu.74 -2.88 | Sub.7l  -3.02
17754 | 12/1971-05/1975 40 Kas.73 -2.35 [ Agu0l -2.44
17900 [ 04/2004- 04/2008 49 Nis.05 -1.84 | Ara.99 -2.43
17902 | 11/1982-04/1985 30 Eyl.83 -1.71 | Nis.05 -2.63

Yine havzada bulunan 18 AGI’ye ait AKi4 degerleri Sekil
4’te toplu olarak sunulmustur. AKI degerleri ancak k = 4
lgeginde hesaplandiginda SY112 ile karsilastirabilir. Sekil 4
incelendiginde 18 AGi’de AKI degerlerinin genel olarak
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+2’ye ulagamadigy, 6zellikle O ile -1 ve -1 ile -2 arasinda yani
hafif kuraklik ile siddetli kuraklik arasinda degistigi
goriilmektedir. Sekil 4’ten ozellikle D16A013, D16A028,
D16A089, D16A115, D16A158 gibi istasyonlarn AKI
degerlerinde azalma egilimi goriilmektedir. Yine [16]
calismasinda havzadaki AGI’lerin yaklasik %80’inde azalma
egilimi tespit edilmis, bu egilimlerin ancak bazilarmin
belirgin oldugu goriilmiistiir. Yagisa bagli kuraklikta
herhangi bir egilime rastlanmazken akima bagl kuraklikta
artma net bir sekilde goze ¢arpmaktadir.

17191 Cok Siddetli; 17192 coksmumn
3% Siddetli; Sxddetll
17242 frok:Siddet; 17244 Cok Siddetli;
6% Siddetli; 5% Siddetli
IIII.b 10% I 12%
17246 Gok Siddetli; 17248 Cok Siddetli;
4% 6% Siddetli;
Siddetli; 10%
I r
17250 Cok Siddetli; 17754 Coksmdmn
6% Siddetli; smn tli;
17900 coksTde: 17902 Cokzsuam
3% siddetli; 6 Siddetli;
9% 7%
vt oma [siddet GaRSiHaEH

Sekil 3. YGI’lere ait SY112 kuraklik sinifi olasiliklari

AKI12’e gore en kurak uzun donemler (Tablo 4) AGi’ler igin
23-94 ay arasinda degismekte, bir baska deyisle yagis
kurakligina gore akim kurakligi daha uzun siirmektedir. En
uzun kurak donemde kuraklik siddetleri -1.22 ile -4.09
arasinda degismekte, gozlem siiresince en biiylik kuraklik
siddetine sahip aylar genelde (AGI toplam sayismin yaklagik
yarisinda) en uzun kurak dénem igerisinde goriilmektedir. Bir
baska deyisle tim gozlem periyodu igerisinde en biiyiik
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kuraklik siddet degerleri AGI’lerin yaris1 i¢in en uzun kurak
donemler disinda kalmakta ve -2.17 ile -5.13 arasinda
degerlerini almaktadir. Bu sonugtan; akimlarda goriilecek
uzun kuraklik donemleri igerisinde pik siddetlerin
goriilmesinin olast oldugu anlagilmaktadir.

D16A013 D16A015

3 %
s w’”f‘w”‘ Tl R — mua fy uﬂr'd
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\ 5
o T ] re—
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:4 DieA098 1] * D16A100
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Sekil 4. AGI’lere ait AKi12 degerleri

Tiim AGI’lere bakildiginda en uzun kurak dénemlerin genel
olarak 2000°1i yillarin sonrasinda gériildigii anlasiimaktadir
(Tablo 4). Oysa YGI’lere bakildiginda uzun dénem
kurakliklarin 2000 yilindan once goriildiigii, AGi’lerde ise
uzun donem kurakliklarin gliniimiize daha yakin tarihlerde
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gerceklestigi anlagilmaktadir. Yakin tarihte YGI’ler ciddi bir

kuraklik gelismemesine ragmen AGI’lerde kuraklik
goriilmesi  son  yillarda  kuraklik {izerinde  iklim
degisikliginden  ziyade insan  etkisinin  oldugunu
diisiindiirmektedir.

Kuraklik sinifi goriilme olasiliklar1 AGI’ler icin Sekil 5’te
verilmistir. AGI’ler i¢in YGI’lerde oldugu gibi hafif kuraklik
siifinda goriilme olasilig1 daha fazladir ancak YGI’lerden
farkli olmak iizere AGI’lerde orta, siddetli ve ¢ok siddetli
kuraklik siniflart AGI’den AGI’ye daha ¢ok degismektedir.
YGI’lere topluca bakildiginda goriilen homojen dagilim
AG[I’lerde goriilmemektedir. Bununla birlikte genel olarak
AGI’lerde YGI’lere gére ¢ok siddetli kuraklik sinifinin orani
bariz bir sekilde daha fazladir. Bolgede akimda goriilen
kurakligin yagisa gore daha degisken ve ¢ok daha etkili
oldugu diisiiniilmektedir.

Tablo 4. Akim Gozlem Istasyonlar: AKI Degerlendirmesi

En Uzun Kurak Dénem S('é?;slierﬁzle
i B T 2| T¥ %o
=) g™ N s MM

D16A013 | 03/2016-09/2020 55 Sub.20 -4.09 | Sub.20 -4.09
D16A015 | 02/2000-01/2002 24 Nis.01 -2.28 | Nis.01 -2.28
D16A028 | 01/2005-03/2012 87 Mar.06 -2.65 | Mar.06 -2.65
D16A065 | 12/1984-11/1987 36 Mar.87 -1.84 | Kas.91 -2.99
D16A078 | 12/1984-03/1988 40 Oca.88 -1.22 | Ara.08 -5.13
D16A089 | 08/2013-09/2019 74 May.1l7 -2.17 | May.17 -2.17
D16A098 | 06/2016-03/2019 34  Eki.l7 -2.50 | Eki.l7 -2.50
D16A100 | 06/2016-02/2020 45 Oca.l9 -3.12 | Haz.01 -3.13
D16A101 | 03/1991-01/1995 47 Sub.92 -1.67 | Nis.01 -3.01
D16A111 | 04/2007-02/2009 23 Ara.08 -2.15 | Sub.17 -2.62
D16A115 | 03/2005-03/2009 49 Ara.08 -1.70 | May.14 -2.66
D16A117 | 02/2005-01/2010 60 Oca.06 -2.57 | Oca.06 -2.57
D16A140 | 08/2004-05/2012 94 Tem.08 -2.11 | Kas.14 -2.21
D16A141 | 05/2004-04/2007 36 Nis.06 -3.40 | Nis.06 -3.40
D16A154 | 01/1993-02/1996 38 Ara.94 -2.02 | Nis.01 -3.03
D16A158 | 03/2016-02/2020 48 Sub.17 -1.54 | Ara.08 -2.37
D16A166 | 02/2005-03/2009 50 Mar.06 -1.83 | Eyl.01 -2.33
D16A168 | 01/2007-03/2009 27 Ara.08 -2.95 | Ara.08 -2.95

Sonuclar ve Oneriler

Bu ¢alismada Konya Kapali Havzasinda bulunan 10 yagis ve
18 akim gozlem istasyonuna ait yagis ve akim verileri
kullanilarak SYI ve AKI indeksleri hesaplanmistir. Boylece
bolge icin en giincel verilerle karsilagtirmali olarak yeterli
yorumlamaya yonelik daha ¢ok sayida istasyon verisi ile
toplu bir kuraklik analizi gerceklestirilmistir. Yapilan
analizden ¢ikan sonuglar 6zetlenirse;
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e Yagisa baglh kuraklikta bariz bir egilime rastlanmazken
akima bagh kuraklikta artma net bir sekilde goze
carpmaktadir.

e SYI ve AKI’lerden hesaplanan en uzun kurak dénemler
incelendiginde, yagis kuraklifina gore akim kurakliginin
daha uzun siirdiigt goriilmektedir.

e Hem yagis hem de akim i¢in tim goézlem periyodu
icerisinde en biiyiik kuraklik siddet degerlerinin en uzun
kurak donemler igerisinde goriilmedigi anlasilmaktadir.
Bu durum &zellikle yagis icin belirgindir. Bu da Konya
Kapali havzasi igin kurak donem iginde kalan kisa siireli
ancak siddetli tekil kurakliklarin basta tarim olmak tizere
su ile iligkili sektorlerde daha etkin ve tehlikeli
olabilecegine isaret etmektedir.

e Akimlarda goriilecek uzun doénem kurakliklarm pik
siddetlere ulasmasi miimkiin goriilmekte, kurakligin hem
siddetli hem de uzun olmasinin ciddi olumsuz etkilere yol
acacag diistiniilmektedir.

e Konya Kapali Havzasinda yagistaki uzun donem
kurakliklarimn 2000 yilindan  Onceki donemlerde
gozlendigi, akimdaki uzun donem kurakliklarin ise
2000’1 yillardan sonra gergeklestigi anlasiimaktadir.
Yakin tarihte yagista ciddi bir kuraklik gelismemesine
ragmen AGi’lerde kuraklik goriilmesi son yillarda
kuraklik tizerinde iklim degisikliginden ziyade insan
etkisinin oldugunu diisiindiirmektedir.

e Akimdaki ¢ok siddetli kuraklik sinifi oraninin yagistakine
gore bariz bir sekilde daha fazla oldugu, orta ve siddetli
kuraklik smiflarmin yagis ile karsilastirildiginda akimda
AGI’den AGI’ye daha ¢ok degistigi goriilmektedir. Bu
gozlem akimda goriilen kurakligin yagisa gore daha
degisken ve etki bakimindan ayri bir Onemle
degerlendirilmesi gerektigini ortaya koymustur.

Onceki  calismalarla  birlestirildiginde bu  ¢alisma
sonuglarindan anlasilacagi tizere Konya Kapali Havzasindaki
kurakligin  6zellikle insani etkiler nedeniyle arttig
anlagilmaktadir. Bolgede acildigi bilinen biiyiik orandaki
kayit digt yeraltt suyu kuyulari, sulama sistemlerindeki
kayiplar, bilingsiz su tiiketimi bu artigin nedenleri olarak
gosterilebilir.  Kuyularin  kayit altina almmast  ve
icretlendirilmesi, {iriin deseninde degisiklikler, sulama
sistemlerinin modernlestirilmesi ve su tiketimi ile ilgili
bilinglendirmenin  gelistirilmesi ~ bolgedeki  kurakligmn
olumsuz etkilerini azaltacaktir. Bu ¢aligmada bdlge igin
yapilan kurakligin zamansal analizinin devami niteliginde
olmak iizere sonraki bir g¢aligmada kurakligin mekansal
analizinin yapilmas1 uygun olacaktir.
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D16A065 coksigqeniiins D16A0T8 Cok siddetli; 7% D16A089

siddetli; 6% Siddetli; 13%

4
v

Orta; 12%
Orta; 20% Orta; 15%
D16A098 ok Sidetli % D16A100 Cok Siddetli; 11% D16A101 Cok Siddetli; 13%
siddetli; 8% Siddetli; 3%
siddetli; 7%
Orta; 18% Orta; 8%
Orta; 25%
D16A111  Coksiddeuisan D16A115 e D16A117 Cok siddeti; 12%
Siddetli; 13% Siddetli; 11%
Siddetli; 16%
Orta; 21% Orta; 20%
Orta; 20%
D16A140 Cok siddetli; 6% D16A141 Cok Siddetli; 11% DIGA154 i szem; %
siddetli; 17%
Siddetli; 15%
Orta; 15%
Orta; 17% Orta; 14%
D16A158 Gok Siddetli; Stiddem. . D16A166 Cok Siddetli; 8% D16A168 Cok Siddetli; 5%
' siddetli; 12% Hddetll; 13%
Orta; 12%
Orta; 20% Orta; 22%
Wafit | oma  [[siddeti] [GokSiddetii
Sekil 5. AGI’lere ait AKI12 kuraklik sinifi olasiliklart
. Yazar Katkilar
Etik kurul onay ve ¢ikar ¢catismasi beyani
Hazirlanan makalede etik kurul izni alimmasma gerek Yazarlar makaleye esit derecede katkida bulunmustur.

yoktur. Hazirlanan makalede herhangi bir kisi/kurum ile
¢ikar catismasi bulunmamaktadir.
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The parameters of the base isolation system play a significant role in structural responses as they directly
affect the interaction between the structure and seismic excitation. This study focuses on investigating the
impact of base isolation parameters on structural behavior under decomposed earthquake effects. The
period and damping ratio of the isolator, which are inherently effective in determining characteristics such
as stiffness and damping coefficients, were parametrically varied to discern their effects on the seismic
behavior of the structure. Displacement of the base mat on the isolators and roof acceleration responses
were obtained through time response analyses. To examine seismic input across different frequency
ranges, discrete wavelet transformation was used to decompose the earthquake acceleration. A five-level
decomposition was applied. Subsequently, time response analyses were conducted for the original
earthquake acceleration scenario and the corresponding approximation coefficients. Decomposition levels
yielding responses similar to those obtained under the original earthquake were identified. Additionally,
the correlation between acceleration responses and the earthquake and approximation coefficients was
calculated to figure out the effect of the frequency ranges of seismic excitation on the seismic behavior of
the building. The adequate decomposition levels for the base-isolated structure have been presented. This
analysis illustrates how various frequency ranges of seismic excitation impact the structural response by
highlighting which decomposition levels are most representative of the original earthquake effects.

Introduction

The base isolation system parameters are of great
importance since they directly affect how the structures
respond to seismic forces. The stiffness and damping
coefficient parameters directly influence a building's ability
to withstand earthquakes by controlling flexibility and
energy dissipation. The efficacy of base isolation has been
extensively studied and validated through both theoretical
and experimental works. Notable references in this field
include works by Kelly [1] and by Soong and Constantinou
[2], providing insights into the behavior of isolation systems
under various seismic conditions. These studies enrich our
understanding of base isolation as a robust seismic
mitigation strategy in structural engineering.

Utilizing advanced mathematical tools are helpful to
analyze the system behavior and apply the right choice from
a vast of options in the designing process that understands
the structural behavior and responding the necessities in
terms of durable structure. Wavelet transform pioneered by
Mallat [3], offers a powerful means of analyzing signals
with versatility, scaling, and translating to different
resolutions. They capture both high and low-frequency
information by applying low-pass and high-pass filters
respectively. Unlike Fourier analysis, which focuses solely

on frequency, Wavelet transform allows for adjusting
window size to achieve both time and frequency details.
This adaptability is facilitated by a range of wavelet
functions such as Symlet, Coiflet, and Daubechies, which
can expand or compress over time and amplitude.
Consequently, wavelets have become effective tools in
fields of engineering, economics, biomedical research etc.
Discrete Wavelet Transform (DWT) has been firstly
introduced by Mallat [4], demonstrating its efficacy in
analyzing nonstationary signals like earthquake motions.
Subsequent advancements, including Daubechies wavelets
introduced by Ingrid Daubechies [5], have expanded the
applicability of wavelet analysis by offering orthogonality
and regularity. The evolution of the technique stills goes on
to shape signal processing and analysis methodologies
across diverse domains.

This study conducts a comprehensive examination of base
isolation parameters, particularly focusing on stiffness and
damping coefficient, and their influence on structural
behavior, which is essential in determining the overall
seismic performance of structures. To distinguish their
impact, the isolator's period systematically varied from 2
sec to 3 sec while the damping ratio is changed from %30
to %40. Time response analyses yield structural responses
focusing on displacement of base mat above isolators and
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acceleration at the top of the building. Additionally, DWT,
utilizing the Haar wavelet function, is employed to
decompose earthquake accelerations into five levels. The
low-frequency contents, i.e., approximation coefficients,
are then applied to analyze the dynamic behavior of the
structure. This decomposition strategy facilitates a thorough
investigation of seismic inputs across different frequency
bands, to clarify the interaction between structures and
ground motion. Subsequently time response analyses are
conducted for original earthquake acceleration and its
corresponding approximation coefficients. Adequate levels
of decomposition which address similar responses obtained
by those under original earthquake have been achieved.
Furthermore, the correlation between the acceleration
responses and the earthquake acceleration as the original
and its approximations has been computed to clarify the
effectiveness of frequency ranges of the seismic excitation
on the seismic behavior of the building.

This research aims to uncover the relationship between
structural dynamics, isolation parameters and seismic
excitation characteristics. Ultimately, it contributes to a
deeper understanding of which level is adequate for
decomposition of earthquake acceleration under varying
base isolation parameters.

Literature

Wavelet analysis is utilized effectively in denoising
earthquake acceleration signals. In the examination of
earthquake data, various wavelet decomposition techniques
have been employed by researchers. Kamgar et al. [6]
conducted a comparative study of Meyer and Daubechies 4
wavelets to identify the most suitable transformation for
ground motions. In this study, the findings revealed that
Daubechies 4 (db4) is superior to the alternatives.

In another investigation, Kamgar et al. [7] utilized a three-
level decomposition with db4 wavelet. Kaloop and Hu [8]
chose a two-level decomposition using Daubechies
wavelet. Heidari et al. [9] and Heidari et al. [10] took a
different approach by employing five decomposition levels
to characterize strong earthquake parameters. Nonlinear
response spectra were generated for each decomposed
signal to show the behavior under decomposed earthquake
motions. Kandemir [11] and Kandemir and Jankowski [12]
studied viscous dampers between adjacent structures using
continuous wavelet transform. In a related study,
Yamamoto and Baker [13] proposed that a six to seven
decomposition level is suitable for describing ground
motions, contributing additional insights to the discourse on
optimal decomposition strategies in earthquake analysis.

Additionally, there are valuable studies in the related
literature that focus on optimization and application to base-
isolation system parameters [14-16].

In this study, earthquake acceleration and its
approximations have been applied to the base isolated
building to clarify the effect of frequency content on the
seismic behavior of the structure.

Discrete Wavelet Transform

The Discrete Wavelet Transform (DWT) focuses on a
subset of scales and translations, unlike continuous version,
resulting in a discrete representation of the signal through
wavelet coefficients at various resolution levels. Unlike the
Fourier transform, which only provides frequency
information, the DWT captures both time and frequency
characteristics, making it ideal for analyzing non-stationary
signals, such as earthquakes. The most similar signal
processing method to DWT is the Short-Time Fourier
Transform (STFT). STFT also provides time-frequency
analysis by applying a sliding window to perform Fourier
transforms across the signal. However, STFT offers a fixed
time-frequency resolution based on the window size,
whereas DWT’s multi-resolution approach adapts to
different scales.

STFT
Window function

Frequency

Amplitude

Time Time

ﬂ‘ Uy ) Yy, p0)
i VTATN '
[A] 'Y

Figure 1. Decomposition of earthquake acceleration
signal by discrete wavelet transform (Misiti et al., 2004;
Ar1 et al., 2008)

Losses in frequency or time information occur due to the
fixed window function in STFT [17]. Figure 1 illustrates
how STFT scans the signal using a window function with a
fixed time interval that cannot be stretched or compressed,
resulting in a frequency-time graph of the signal within a
certain time and frequency band [18]. To overcome these
limitations, wavelet transform has been developed as an
effective  method for decomposing the frequency
information of a signal. Using a wavelet function that can
be both scaled and shifted, frequency information can be
obtained for multiple time intervals [19]. High-frequency
information is obtained in narrow time intervals, while low-
frequency information is captured in wider time intervals.

In each decomposition level of DWT, a high-pass filter
eliminates low-frequency components, and a low-pass filter
removes high-frequency components. This procedure
results in detail and approximation coefficients,
respectively [4]. The DWT of a signal is expressed as,
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DWTGk) = ) f() () M

where j represents the scale parameter indicating the level
of resolution or frequency band, and k represents the
translation parameter indicating the time location, ¥; , (n)
represents the scaled and translated version of the mother
wavelet function ¥ (t) used to analyze the signal. It is
defined as:

1 0<t<05
Y (t)=4-1 05<t<1
0 otherwise

()

The decomposition process is achieved through a series of
low-pass and high-pass filters, often referred to as scaling
and wavelet functions, respectively [4]. Subsequently, the
signal is downsampled by a factor of two, as illustrated in
Figure 1. This downsampling process reduces the number
of samples (N) by half while retaining the essential features
at different scales.

Iteratively, the decomposition process is applied to the
approximation coefficients, resulting in a multi-level
representation of the signal. Each level of decomposition
provides information at a different scale as shown in Figure
2. In this paper, approximation coefficients, which capture
the low-frequency contents of seismic ground accelerations,
have been utilized.

Earthquake

3 vel
Acceleration Leveln

Level 1 Level 2

A2
[0 —N/4]

D2
D1 [0—n/a]
[0-N/2]

S=4,+D,

S=Ay+Di+ Dy

Figure 2. Decomposition of earthquake acceleration signal
by discrete wavelet transform

Considered Ground Motion and Its Decompositions

A devastating earthquake struck the southwestern region of
Turkey on February 6th, 2023, causing widespread
destruction and significant seismic activity. Acceleration
records from the seismic event in Kahramanmaras in 2023
are employed for analysis in this study. Specifically, the
acceleration record from Elbistan station (TK4612) is
utilized due to its high peak ground acceleration. Details
regarding the seismic record of the station are provided in
Table 1.

Table 1. Selected ground motion

Earthquake-Station Component Magnitude PGA (9)

Kahramanmarag-Elbistan NS 7.6 0.648

The wavelet transform is a valuable tool for understanding
the characteristic frequency contents that define the
presentation of the original earthquake signal. The
identification of these frequencies varies depending on the
number of decomposition levels used. To quantify and
understand these frequency characteristics, one can
calculate the frequency ranges and corresponding time
intervals of a given time series as given in Table 2 for the
earthquake.

Table 2. Frequency ranges and corresponding time intervals
of the ground motion

Level Frequency range (Hz) Time interval (s)
1 0.097656-0.19531 52.50-104.99
2 0.19531-0.39063 26.25-52.50
3 0.39063-0.78125 13.12-26.25
4 0.78125-1.5625 6.56-13.12

5 1.5625-3.125 3.28-6.56

6 3.125-6.25 1.64-3.28

7 6.25-12.5 0.82-1.64

8 12.5-25 0.41-0.82

9 25-50 0.21-0.41

10 50-100 0-0.21

Figure 3 illustrates the original acceleration signal and its
decomposition into five levels (details and approximations)
for Elbistan earthquake. Notably, the first, second and third
level approximations (Al, A2 and A3, respectively)
exhibits the most significant similarity in shape with the
original signal. This is because, most of the energy from the
initial signal is stored in the approximations, providing a
coarse representation while retaining essential features at a
lower resolution. As the decomposition progresses to higher
levels, the detail coefficients capture finer details and high-
frequency components, but may introduce more noise and
less relevant information [4].
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Figure 4. Fourier spectrum of the earthquake

Figure 4 illustrates that the Fourier spectrum of the
earthquake record exhibits a notable amplitude for
frequencies up to 3 Hz. Therefore, it is verified that for this
earthquake, the DWT method performs better due to its
frequency content being dominated by low-pass
frequencies.

Numerical Outcomes

The examination is conducted on a 3-story base isolated
building exposed to the original earthquake acceleration
signal (denoted as OS) and its approximations up to five
levels (Al, A2, A3, A4, A5). The building is idealized as
lumped mass-stiffness model. The design of base-isolated
structures aims to ensure that the structure's dynamic
behavior remains elastic [20]. To achieve this, the base
isolation system is designed to interrupt the transmission of
seismic waves, thereby ensuring that the superstructure
behaves linearly. Consequently, base-isolated structures
typically exhibit linear behavior.

In the current section, the displacement responses of the
base mat and acceleration response of the top story under
the selected earthquake acceleration are provided. The
study investigates the effects of varying isolator periods,
specifically 2, 2.5, and 3 seconds, alongside damping ratios
of 30% and 40%. The resulting time responses for each
scenario have been derived and analyzed.

The results of the time response analyses focus on the
acceleration response of the top story, divided by the peak
ground acceleration (PGA). Table 3 presents peak

responses for various isolator periods and 30% damping
ratio. It is observed that as the period increases, the
acceleration response decreases, while the displacement
response increases. Additionally, upon examining the
decomposed signal of ground acceleration, it is noted that
the building exhibits consistent behavior when exposed to
0S, Al, A2, and A3 scenarios, similar to the time histories
given in Figure 2. However, the behavior significantly alters
under A4 and A5 scenarios. This highlights the importance
of determining the optimal decomposition level for both the
structure and earthquake under consideration.

Table 3. Peak Acceleration and Displacement Responses
for the Varied Isolator Period of Th =2 to 3 sec and &b =30%

Isolator

0s Al A2 A3 Ad A5

parameters

Th=2sec 0797 0797 0797 079 0785 0733

§b=30% 39951 39251 39.250 39.115 38.715 37.282

Th=25sc 0597 0597 0596 0594 0586 0562

$b=30% 44247 44240 44220 44138 43801 42511
0437 0437 0436 0434 0427 0420

Th =3 sec

h=30% 46.929 46920 46.800 46.766 46.274 44.458

Table 4 also demonstrates consistent results across various
isolator periods, maintaining a damping ratio of 40%.
Notably, a distinct trend emerges compared to the 30%
damping scenario, the acceleration response increases,
while the displacement response decreases. This
underscores the critical influence of the damping ratio on
structural behavior during seismic events. Employing first-
level decomposition produces precise results, with A2 and
A3 also yielding outcomes near those obtained by OS.
However, it's important to acknowledge that A4 and A5
scenarios yield significantly different outcomes, especially
for displacement responses, highlighting the sensitivity of
structural response to seismic input decomposition levels.

Table 4. Peak Responses for the Varied Isolator Period of
Th =2 to 3 sec and éb =40%

Isolator

0s Al A2 A3 A4 A5

parameters

Th=psec 0750 0750 0748 0743 0727  0.666

§b=40% 32605 32691 32667 32571 32319 30.976

Th=25sec 0590 0589 05890 0588 0582  0.541

§b=40% 35715 36713 36.697 36.633 36369 35.281
0457 0457 0457 0456 0451  0.425

Th =3 sec

£b=40% 43423 43413 43384 43266 42.805 41.105
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Structures designed with base isolators of 2 and 3 second
periods corresponded to natural frequencies of 0.5 Hz and
0.33 Hz, respectively. These frequencies fell between the
first and third decomposition levels used in the earthquake
analysis (see Table 2). The appropriate decomposition level
was identified as Al, A2 and A3; and it was observed that
the seismic response results closely matched the
preliminary predictions.

The correlation between the acceleration responses and the
approximations up to seven levels of decomposition has
also been investigated using the following equation,

B (ADa D
(E0,* 5,

Ratio; =

3)

where i is the time step, n is level of decomposition (n =
1,...,7) and A is approximation coefficients while X is the
acceleration response of the structure. In this section, the
analyses are performed up to seven levels of decomposition
to capture the highest rate of correlation. The results are
presented in Tables 5 and 6.

Table 5. Correlation for Th =2 to 3 sec and &b =30%

Isolator

Al A2 A3 A4 A5 A6 A7
parameters
Th =2 sec

-0.030 0.005 0.082 0254 0539 0.888 0.485
&b =30%
Tb =2.5 sec

-0.071 -0.039 0.032 0.194 0454 0.819 0.681
&b ==30%
Th =2.5 sec

-0.057 -0.027 0.039 0.188 0.419 0.761 0.792
&b =30%

Table 6. Correlation for Th =2 to 3 sec and &b =40%

Isolator Al A2 A3 A4 A5 A6 A7
parameters
Th =2 sec

0127 0167 0254 0443 0717 0948 0.39
£b=40%
Th =2.5 sec

0054 0092 0176 0361 0626 0912 0587
&b = 40%
Th =3 sec

0036 0072 0152 0328 0575 0869 0.710
£b=40%

Figures 5 and 6 illustrate the correlation values for seven-
level decomposition. The lowest correlation occurs for the
first three decomposition levels, while the highest peaks,

indicating a larger correlation between acceleration
response and approximation, occur at the sixth-level
decomposition. At high decomposition levels, where low-
frequency components prevail (see Table 2), the correlation
increases due to the base isolator lowering the structure's
overall frequency.

1

T2 6=30%
0.8 [HT,=25s £=30%
|1, =35 ¢=30%

0.6

0.4

Ratio

1 2 3 4 5 6 7
Decomposition Levels

Figure 5. Correlation values between acceleration response
and approximations for &b = 30%
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08 |[T,=25s ¢=40%
\:lTb=3 s £=40%

.06

Ratio

0.4}

0.2}

1 2 3 4 &5 6 7
Decomposition Levels

Figure 6. Correlation values between acceleration response
and approximations for &b = 40%

To further validate the results and enhance the study, a 4-
story benchmark building given in the study of Kandemir
and Mortazavi [15] has been examined through DWT. The
optimal parameters identified in their study are a 2.507-
second isolator period and 30% damping ratio. For the 1994
Northridge earthquake record (SYL360), Kandemir and
Mortazavi [15] reported the base displacement of 36.215
cm and PGR/PGA ratio of 0.400. Table 7 shows the
comparative responses obtained from the original signal
and its approximations up to the fifth level. We identified
the appropriate decomposition levels as Al, A2, and A3,
and observed that the results closely aligned with the
previous outcomes given by Table 3 and 4.
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Table 7. Peak Responses for the Varied Isolator Period of
Th =2.507 sec and &b =30%

0S [15] Al A2 A3 Ad A5

0.400 0.395 0.385 0.355 0.329 0.300

36.215 36.209 36.149 35.904 34.942 31.286
Conclusions

The study investigates the dynamics of structural response
under seismic loading conditions, with a focus on the
displacement response of the base mat and the acceleration
response of the top story in a 3-story base isolated building.
It explores the effects of varying isolator periods and
damping ratios, considering both the original earthquake
acceleration (OS) and its approximations (Al, A2, A3, A4,
ADb). The outcomes of the study can be listed as follows:

e Asthe analysis progresses by changing the isolator
parameters, a noticeable pattern emerges: an
increase in isolator period correlates with a
decrease in acceleration response and a
simultaneous increase in displacement response.
This trend underscores the tangled relationship
between isolator periods and structural dynamics,
highlighting their crucial role in mitigating seismic
forces.

o Regardless of base isolation parameters, the
adequate  decomposition  levels for the
corresponding earthquake and the structure are
achieved as A1, A2 and A3 where the responses
are similar to those obtained for the original
acceleration.

e The frequencies of structures designed using base
isolators with periods of 2 and 3 seconds
correspond to 0.5 Hz and 0.33 Hz, respectively.
These frequency ranges fall between the first- and
third-decomposition levels of the decomposed
earthquake levels. In this context, the appropriate
decomposition level was carefully identified, and
it was found that the results of seismic response
closely aligned with the preliminary outcomes
given in Table 2. This alignment demonstrates the
effectiveness of the decomposition approach in
accurately capturing the seismic behavior of the
structures at these frequencies.

e The computational time for the time response
analyses conducted using Al, A2, and A3 was
reduced to approximately half, one-quarter, and
one-eighth of the original time, respectively.

e The relation between the ground motion and the
acceleration responses increases while the
damping of the isolator increases. However, the
dynamic behavior of the base-isolated structure
shows low degree of correlation proportional to

the resonance experienced in the low frequency
band of the earthquake.

In summary, the discrete wavelet transform proves to be a
beneficial tool for deriving seismic responses with reduced
acceleration record length, thereby resulting in low
computational cost.
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Taskin; bir akarsuyun cesitli sebeplerle yatagindan tasarak, gevresindeki arazilere, yerlesim yerlerine,
altyapi tesislerine ve canlilara zarar vererek o bolgedeki ekonomik ve sosyal faaliyetleri kesintiye
ugratan bir tabii olaydir. Taskinlar her yil can kaybi1 yaninda biiyiik sosyo-ekonomik zararlara yol
acmaktadir. Son yillarda kiiresel iklim degisikligi ve yanlis arazi kullanimi etkisi ile yasanan taskinlarin
sayisinda ve etkisinde onemli artiglar olmaktadir. Bu nedenle farkli karakteristikleri temsil eden veri
katmanlarinin bir arada degerlendirilmesi, tagkin riski tasiyan bolgelerin belirlenmesinde 6nemlidir.
Cografi Bilgi Sistemleri (CBS) potansiyel tagkin risk alanlarinin belirlenmesinde biiyiik kolayliklar
saglayan bir platformdur. Cografi Bilgi Sistemleri potansiyel tagkin risk alanlarmm belirlenmesi
amactyla mevcut verilerin toplanmasi, islenmesi ve analizinin yapilmasinda kullanilmaktadir. Giizelsu
havzas1 Tiirkiye'nin dogusunda yer alan Van Golii ¢evresindeki alt su toplama havzasidir. Giizelsu Alt
Havzasi, cografi ve ekolojik olarak 6nemli bir bolgedir ve su kaynaklart yonetimi, su akisi, dzellikle
taskin riski degerlendirmeleri igin dikkatle incelenmesi gerekir. Bu calismada da CBS araciligiyla Van
Golii Glizelsu alt havzasinin tagkin risk alanlar1 belirlenmistir. Modelleme asamasinda, Cok Kriterli
Karar Verme Yo6nteminde, tagkin olusumuna etki eden; ytikselti, yagis, jeoloji, egim, baki, nehre uzaklik,
toprak grubu ve arazi kullanim parametreleri kullanilmistir. Tiim parametrelerin olaydaki etki agirliklar
AHP yontemi ile belirlenmis, ArcGIS programinda da belirlenen agirhik oranlari tematik haritalara
islenerek cakistirilmis ve sonugta bolgede taskin esnasinda etkilenecek alanlarn risk haritalari elde
edilmistir. Uretilen tagkin risk haritasma gore, “Cok Yiiksek Riskli” alanlar %6.6, “Yiiksek Riskli”
alanlar %14.5, “Riskli” alanlar %29.7 , “Az Riskli” alanlar %31.9 ve “Risksiz” alanlar %17,2 oraninda
yer kaplamaktadir.
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Flood is a natural phenomenon where a river overflows its banks due to various factors, causing damage
to surrounding lands, settlements, infrastructure, and living beings, thereby disrupting the economic and
social activities in the area. Floods cause significant socio-economic damage each year, along with the
loss of life. In recent years, there has been a significant increase in the number and impact of floods due
to global climate change and improper land use. Therefore, evaluating data layers representing different
characteristics together is crucial for identifying areas at risk of flooding. Geographic Information
Systems (GIS) provide a valuable platform for identifying potential flood risk areas. GIS is used to
collect, process, and analyse existing data for the purpose of determining potential flood risk areas.
Giizelsu Basin is a sub-watershed located around Lake Van in eastern Turkey. The Giizelsu Sub-basin is
geographically and ecologically significant and requires careful examination for water resource
management, water flow, and especially flood risk assessments. In this study, flood risk areas in the
Giizelsu sub-basin of Lake Van were identified using GIS. In the modelling phase, factors affecting flood
formation such as elevation, precipitation, geology, slope, aspect, major soil group, and land use
parameters were used in the Multiple Criteria Decision Making method. The weights of all parameters
were determined using the AHP method, and the determined weight ratios were processed into thematic
maps in ArcGIS and overlaid to produce flood risk maps showing the areas affected during a flood.
According to the generated flood risk map, “Very High Risk" areas cover 6.6%, "High Risk" areas cover
14.5%, "Risky" areas cover 29.7%, "Low Risk" areas cover 31.9%, and "No Risk" areas cover 17.2% of
the reaion.
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Giris

Diinyada birgok iilke ve kitada insanlarin hayatina
ekonomik ve sosyal bakimdan etki eden 6nemli dogal
afetlerden  birisi  tagskindir.  Akarsu  havzalarinin
tagiyabileceginden fazla olan ve kapasitesinin tizerindeki
suyun gelmesi ile doluluk oraninin artmasi tagkin olayini
tetikleyen en biiylik sebeptir.. Akarasu yataklarindan
gecen su miktarinin, akarsunun yatak kapasitesini
agmas1 sonucunda sel, su basmasi ve tagkin gibi doga
olaylart meydana gelir [1]. Diinya c¢apinda en sik
gerceklesen ve en genis cografi dagilima sahip dogal
afet taskinlardir[2]. Taskinlar, topragi sular altinda
birakarak tarim arazilerine, yerlesim alanlarina zarar
verebilir ve hatta can kaybma yol acacak derecede
tehlikeli boyutlara ulasabilir [3][4]. Taskin afeti, akarsu
yatagt boyunca hizli ve g¢arpitk kentlesme ve
ormansizlasma ile yakindan baglantihidir [5]. Taskin
olayt sonucunda olusacak zararlar1 Onlemek igin
yapilacak calismalarda; dere 1slahi ve tagkin koruma
yapisinda kullanilacak malzemenin se¢imi oldukca
onemlidir [6]. Akarsu yataklarinda yapilacak dere 1slah
caligmalari, tersip bentleri, goletler, barajlar vb.
yapilarda uygulama ve hesaplama adimlarinda yapilan
hatalar, taskinlarin insan kaynakli olarak da meydana
gelmesine neden olmaktadir [7]. Devlet Su isleri (DSI)
Genel Midirliigiinden alinan verilere gére Tiirkiye’de
gerekli goriilen yerlerde sel kapani, tersip bendi, tagkin
kontrol yapilari, baraj, gélet, vb. gibi yap1 ve tesislerde
artis meydana gelmesine ragmen son 40 yilda yaklasik
600 den fazla o6lim gergeklesmis, 800.000 hektardan
fazla tarim arazisi tagkindan zarar gérmdistiir [8].

Genel olarak bakildiginda birgok faktor tagkin afetine
sebep olabilmektedir. Tagkinin olugmasi lizerinde etkisi
biiyiikk olan faktorlerden birisi de mevsimlerdir. Bir
dogal afet olan taskin olaymin meydana gelmesinin en
biiyiik sebebi ise, akarsu havzalarina gelen suyun bir
miiddet sonra havza kapasitesinin iizerine ¢ikmasi ile
doluluk oraninin artmasidir. Tagkini etkileyen mevsim
faktoriine bakilarak yorumlama yapildiginda, kis
mevsiminde karlarin eriyerek akisa gegmesi ile ilkbahar
ve sonbahar aylarinda yagislarin ¢ok fazla miktarda ve
siddetli bir bi¢cimde gelmesi tagkinin olusum riskini
bliylik oOlglide etkiler. Tagkin analizi, Ozellikle su
baskinlar1 gibi dogal afetlerin etkilerini degerlendirme
ve bu afetlerle miicadele stratejileri gelistirme amaciyla
kullanilan kritik bir yontemdir. Bu analiz yontemi,
altyap1 planlamasi, risk yonetimi ve ¢evre koruma gibi
alanlarda 6nemli bir rol oynamaktadir [9][10][11].
Tagkin analizi, biiyiikk 6lgekli su yonetimi projelerinde
ve cevresel stirdiiriilebilirlik caligmalarinda
kullanilmakta ve karar vericilere giiglii bir analitik arag
sunmaktadir.

Cok kriterli karar verme (CKKV) yontemleri ise,
glinlimiizde karar verme siireclerinde Onemli bir rol
oynamakta olup, c¢esitli sektorlerde  kompleks
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problemlerin ¢6ziimiinde kullanilan etkili araglardan
biridir. CKKYV, karar vericilere farkli alternatifler
arasinda objektif bir degerlendirme yapma imkéam
sunarak en uygun secenegin belirlenmesine katkida
bulunur. Bu yontem, bircok karar verme siirecinde
kullanilan ve karar alma siirecini sistemli bir sekilde
yapilandiran matematiksel ve analitik bir yaklasimdir
[12][13][14]. Ogzellikle son yillarda CBS tabanh
haritalama yontemleri ile taskin olusum riskinin
belirlenmesi kapsaminda 6nemli bir yontem olmustur.
Son yillarda, CBS tabanli ¢oklu kriterli degerlendirme
metodunun Taskin analizi {izerindeki etkisini inceleyen
aragtirmalar artmistir. Zhang ve digerleri (2018),
CKKV'nin su baskini yonetiminde nasil
kullanilabilecegini ve bu yontemin karar alicilarin sel
riskini  azaltma  stratejileri  lizerindeki  etkisini
arastirmislardir [15]. Bu c¢alismalar, CKKV'nin karar
verme siireglerine  getirdigi sistematik  yaklasimi
vurgulamaktadir. Ayrica, Sahu ve Patil (2020), CBS'nin
tagskin  risk  haritalarmin  olusturulmasinda  nasil
kullanilabilecegini ve CKKV yontemlerinin bu
haritalarin iyilestirilmesindeki roliinii incelemislerdir
[16]. Bu ¢alisma, CBS ve CKKV'nin entegrasyonunun
tagkin yonetimi stratejilerinin optimize edilmesine nasil
katk1 saglayabilecegini gostermektedir. CKKV'nin karar
alicilar igin bilgi temelli ve veri odakli kararlar alma
siirecini ~ giiclendirdigi, boylece su yonetimi gibi
karmagik sorunlarin etkin bir sekilde ¢oziilebildigi
belirtilmektedir.

Cografi Bilgi Sistemleri ile genis alanda ve devamli
algilama yapabilen uydu goriintiileri, tagkin afetine karsi
onceden planlamalarin yapilmasinda, riskli alanlarin
tespitinde  ve  olusacak  taskinin  sonuglarinin
¢ikartilmasinda 6nemli bir kaynak olmustur. Uzaktan
algilama ile uydu goriintiilerinden gerekli doneler elde
edilerek ve taskin risk analizi yapilarak, meydana
gelebilecek afet igin oOnceden bir analiz yapilabilir.
Bunun sonucunda da alinmasi Qercken Onlemler
belirlenebilir. Taskin konusunda planlama yapilarak
tagkinin Onlenmesi agisindan cografi konuma bagh
yersel ve Oznitelik verilerinin saglanmasi, alinacak
verinin giincellestirilerek saklanmasi, analiz edilmesi ve
tagkin risk haritalarinin olusturulmas1 onemli bir yere
sahiptir [17]
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2- Materyal Ve Yontem
2.1-Calisma Alani

Caligma alani, Van ilinin Giirpinar ilgesinin biiyiik bir
kismi ile Gevas, Edremit ve Catak ilcelerinin az bir
kismin1 kapsamaktadir (Sekil 1). Giizelsu Alt Havzasi
genis ve egimi yliksek bir havzadir. Havzanin egiminin
fazla olmasi, arazi kullamm ve zemin ozellikleri
nedeniyle 6zellikle ilkbahar ve sonbahar aylarinda gelen
yagiglar sonucunda bolgede sikca taskin olaylar
meydana gelmektedir. Havzaya ait agsagidaki sekilde
gosterilen yiikselti haritasi https://urs.earthdata.nasa.gov
sitesinden alinan DEM Haritasinin ArcMap programinda
sayisallagtirilmasi sonucunda olusturulmustur.

VAN GOLU HAVZASI GUZELSU ALT HAVZAS! YUKSELTI HARITASI

r 5 = &

Yiikselti

Metre

.o

Sekil 1 — Calisma alanina ait yiikselti haritasi

2.2-Veri Temini

Bu calismada kullanilan jeoloji verileri, DSI 17.Bolge
Midiirliigli Jeoteknik Hizmetler Sube Miidiirliigiinden
temin edilmistir. Toprak verisi olarak kullanilan biiyiik

toprak  grubu  verisi, Tarim Reformu  Genel
Miidiirliigiinden alinmistir. Yagis haritasindaki yagis
verileri Meteoroloji  Genel Midiirliigiinin ~ web

sitesinden temin edilmigtir. Yagis haritasi hazirlanirken
yagisin  mekansal dagilist  Schreiber formiili ile
hesaplanarak veri enterpolasyonuna tabi tutulmustur.
Arazi kullanimi haritas1 verisi ise Copernicus Arazi
[zleme Hizmeti tarafindan olusturulan 2018 yili
CORINE  verisidir. Baki ve egim haritalar
urs.earthdata.nasa.gov web sitesinden temin edilmis
Sayisal Yiikselti Modeli (SYM) verisinin ArcMap 10.8
programinda analiz edilmesiyle olusturulmustur. Tim
bu haritalar ArcMap ortaminda
ED 1950 UTM_Zone_38N  projeksiyon sisteminde
hazirlanmaistir.
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2.3-Yontem

Calismada, Gilizelsu Alt Havzasinin tagkin
duyarlilik analizi, CBS teknikleriyle analiz edilip
yorumlanmistir. Cografi Bilgi Sistemleri tabaninda
yapilan analizlerde kullanilan kriterlerin  (jeoloji,
akarsuya uzaklik, egim, baki, toprak, yagis, arazi
kullanimi) agirliklar1 Cok Kriterli Karar Verme (CKKV)
Yontemi'nin bir alt metodu olan Analitik Hiyerarsi
Prosesi (AHP) ile belirlenmistir. Analitik Hiyerarsi
Prosesi, Cok Kriterli Karar Verme Yontemleri arasinda
uygulanacak amaca bagli olmakla beraber en ¢ok
kullanilan  yontemlerdendir. Sonuglar1 3 etkileyen
kriterler oransal olarak bir dagilim olusturur ve bu
sekilde karar verilir. Bu yontemde belirlenen kriterler
ele alinarak hiyerarsik bir yapi olusturulur, ele alinan
kriterler ikili karsilastirmalar matrisi seklinde belirlenir
ve modelleme yapilir [20][21]. AHP yontemiyle
kriterlerin (jeoloji, akarsuya uzaklik, egim, baki, toprak,
yagls, arazi kullanimi) agirliklari 1-9 6nem derecesi
arasinda  degisen degerlendirme  Olgegine  gore
degerlendirildikten sonra ArcMap 10.8 yaziliminda
Weighted Sum (agirlikli toplam) araci kullanilarak tiim
kriterler toplanip caligma alaninin taskin risk haritasi
tretilmistir. Yontemin akig semasi Sekil 2’de ayrintili
olarak verilmistir.
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Tagkan tehlike haritalamas: igin verilerin toplanmas: ve veritabanimin
olusturulmas

———

[ CBS ortaminda katmanlarin J

Temel kriterler ve alt hazirlanmas

kriterlerin belidenmesi

Verilerin analizi ve

veri tabani
olusturulmas

Cevresel ve Fiziksel Faktorler

*  Topografik Yap: (Egim, Bakt)

o Akarsuya Mesafe Enuygun gevresel ve fiziksel

¢ Jeolojik  Yapi (Litolojik kriterlerin secilmesi
Birim)

* Toprak Yamst (Biiyik
Toprak Grubu)

*  Hidroloji (Akarsu)
*  Meveut Arazi Kullanim

Kriter
standardizasyonu

Cok kriterli karar verme

yonteminin

kili kargtlagtirma
ile kriter/alt kriter
agwhklarinin
hesaplanmas:

Tutarhilik
oranunn (CR)
hesaplanmast

Sekil 2 — Yontemin akis diyagram

2.3.1- AHP (Analitik Hiyerarsi Prosesi)

Yags, baki, egim, arazi kullanimi, jeoloji, biiyiik toprak
grubu ve akarsuya mesafe kriterlerinin her birinin
goreceli agirligini belirlemek i¢in bu ¢alismada bir ikili
karsilastirma yontemi olan AHP kulanilmigtir. Birden
¢ok kriteri olan problemlerde karar verme islemi, karar
mekanizmasina dayali subjektif bir igslemdir [22]. Bu
teknik, Oznel olarak daha kolay degerlendirilebilen ve
daha kolay anlasilabilen alt sorunlarin bir hiyerarsisi
icerisinde problemlerin ¢oziimlenmesini saglayan bir
aragtir. Oznel degerlendirmeler, sayisal bir 6lcek
seklinde siralanan sayisal degerlere doniistiiriilmektedir
[23]. AHP nin temelinde ikili kargilastirma matrislerinin
olusturulmasi yer almaktadir.

Ikili karsilastirma matrisi  bir karar asamasina
gereksinim  duymaktadir.  Ikili  karsilastirmalarin
olusturulmasinda karar vermek igin 1 den 9 a kadar olan
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bir puanlama o6l¢egi kullanilmaktadir. Burada 1 degeri
esit Oneme sahip olmayi ifade ederken 9 degeri en
O6nemli kriteri ifade etmektedir [13]. Karsilastirma
matrisinde  her bir faktdriin 6nem derecesini
saptayabilmek i¢in Tablo 1’de verilen Saaty (1980)
tarafindan gelistirilmis olan 6nem dereceleri 6l¢ceginden
yararlanilmaktadir.

Tablo 1 — AHP Degerlendirme Olcegi

Onem Deger Tanimlari

Degerleri

1 Her iki faktor esit oneme sahipse

3 1. faktor 2. faktore gore daha 6nemliyse

5 1. faktor 2. faktore gore cok onemliyse

7 1. faktor 2. faktore gore gok giiglii bir 6neme
sahipse

9 1. faktor 2. faktore gore mutlak iistiin bir 6neme
sahipse

2,468 Ara degerler

Bu c¢alismada Saaty’nin 6zvektdr yontemi kullanilmig
olup bu yontemin formiilii agsagida verilmistir.

W _12 al-]-
i_n ZTL aij

=1 U=t

Ozvektor hesaplandiktan sonra her bir kritere ait
goreceli onem dereceleri belirlenerek kargilagtirma
matrisinin tutarliligi (CR) hesaplanir [24]. Burada CR
0.10’un iizerinde ¢ikarsa karar vericinin tutarsizligindan

dolayr matrise girdigi degerlerin tekrar gbzden
gecirilmesi gerekmektedir [25][26]. Saaty, karsilagtirma
matrisinde  tutarliligt  hesaplamak icin asagidaki

formiiliin kullanilmasini tercih etmistir [27][28]:

_ CI(Tutarlihk Gostergesi)
"~ RI(Rassallik Gostergesi)

Bu formiildeki tutarlilik gostergesinin (CI) hesaplanmast
i¢in de asagidaki formiilden yararlanilir.

)‘max —n

Cl =
n—1

Maksimum oO6zdeger (Amax) hesaplanirken asagidaki
formiil kullanilir.

n

A a1 Z
maxzi

i=1

(AW);
W;
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Karsilagtirma matrisinin siitunlart ile goreli oncelikler Tablo 3 - Secilen Ana Kriterler, Alt Kriterler
carpilip toplanarak agirhikli toplam vektér bulunur. ve Alt Kriterlerin Puanlari

Agirlikli toplam vektoriin elemanlart kendisine kargilik

gelen goreli oOncelige boliindiikten sonra sonucun

aritmetik ortalamasi Amax’1 vermektedir [29]. Ana Kriterler AltKriterler ~ Puan  Tagkin
RiskKi
RI oranlarinin, matris 6l¢iisiine karsilik gelen degerleri Egim (°) 0-5 5 Cok
asagidaki tabloda gosterilmistir [30][31]. Yiiksek
5-15 4 Yiiksek
15-25 3 Orta
25-50 2 Diisiik
50-73,12 1 Cok
Diisiik
Tablo 2 — Rassallik Gostergeleri Baki Bati 5 Cok
Yiiksek
w123 4[5 6|7 [8][9 [w][uU[R[B[K][ Giiney 4 Yitksek
RU[o[ofoss{oo0 2] 1e] 3] a| 145|140 150 134 156 [ 1,57 159 Kuzey 2 Diisik
Dogu 1 Cok
Diisiik
Yagis (mm) 783 — 1282 5 Cok
Yiiksek
672 —783 4 Yiiksek
590 - 672 3 Orta
2.3.2- Kriterlerin Puanlanmasi 483 —590 2 Diisiik
‘ ' N 339 - 483 1 Cok
Tagkin tehlike haritasi olusturulmasi i¢in bu ¢alismada Diisiik
yagis, egim, biiylik toprak grubu, baki, arazi kullanimi, _
jeoloji ve akarsulara uzaklik kriterleri cevresel ve Biiyiik Toprak ?cl)lrl)\r]z}illillar 5 Cok
fiziksel kriterler olarak dikkate alinarak degerlendirme Grubu Koliivyal 4 i‘flliselli
yapilmistir. Bu kriterler tagkin tehlike haritalamasindaki Topraklar Hse
etki diizeyine gore Tablo 2°de verilmis olan literatiir Regosoller 3 Orta
bilgilerine dayal olarak; alt kriterlere ayrilmis ve her bir Egmﬁlﬁpriaklar i ggliuk
alt kriter 1 ile 5 degerleri arasinda puanlanmustir. Topraklarg Diisiik
Akarsulara 250 5 Cok
Uzaklik (m) Yiiksek
500 4 Yiiksek
1000 3 Orta
1500 2 Diisiik
> 2000 1 Cok
Diistik
Jeoloji Aliivyon 5 Cok
Yiiksek
Kiregtast 4 Yiiksek
Kuvarsit- 2 Diisiik
Kuvars Sist
Bazalt 1 Cok
Diisiik
Arazi Sehir Yapist 5 Cok
Kullanimi Yiiksek
Siirekli Uriinler 4 Yiiksek
Ekilebilir Alanlar, 3 Orta
Meralar ve Otsu Bitkiler
Karigik Tarim Alanlart = 2 Diisiik
Orman, Bitki Ortiisii 1 Cok
Seyrek ya da Hig Diistik

Olmayan Alanlar

945



DUJE (Dicle University Journal of Engineering) 15:4 (2024) Sayfa 941-950

3- Arastirma Bulgularn
3.1 — Kriterlerin Degerlendirilmesi
Egim

Egim, yiizeydeki sularin akiginin diizenlenmesinde rol
oynayan Onemli bir topografik etkendir. Yagisin
akarsunun akigina katkist konusunda egim, yiiksek
derecede etkilidir. Ozellikle bir alana ulasan yiizey sulart
veya yeralti sularinin  yoniini ve  miktarin
etkilemektedir [32]. Egimin yiiksek oldugu alanlarda su
akisa gecerken diisiik egimli alanlarda bu durum suyun
durgunlagmasina ve gollenmeye neden olmaktadir [33].

Yagis

Taskina sebep olan en 6nemli iklim degiskeni yagistir.
Yagislarin siddeti, siiresi ve meydana gelis sekilleri son
derece 6nemlidir. Yagis siddetinin fazla oldugu durumda
sizma i¢in yeterince vakit olmaz ve bundan dolay1
ylizeydeki sularda akig daha fazla olur. Akarsu
havzasinda bulunan akarsu yatagmin dolmasiyla birlikte
yagis sulart yiizeysel akisa geger ve boylelikle tagkin
hadisesi baslar. Havzaya diisen bu yagislar, bolgedeki
bitkilenme sayesinde tutuldugundan olayin etkisi ¢ok
fazla olmaz ancak, sizma kapasitesi dolduktan sonra
havzaya diisen yagislar akisa gecer ve tagkin hadisesine
sebep olur [34].

Akarsuya olan uzakhk

Akarsulara yakin olan alanlarin, siddetli yagislar
sirasinda veya sonrasinda nehirlerin tagsmasi sonucunda
tagkina maruz kalma ihtimalinin yiiksek olmasi
sebebiyle taskin risk analizlerinde sik¢a kullanilan
akarsuya mesafe faktorii onemli bir kriterdir [35].
Akarsu kiyilarina yakin olan alanlar tagkinlardan en
fazla etkilenen alanlar olarak ortaya ¢ikmaktadir [36].

Jeoloji

Jeolojik durum tagkindan etkilenme olasilig1 yiiksek
yerlerin belirlenmesinde 6nemli bir faktordiir, ¢linkil
tagkinin siddetini artirma veya azaltma etkisi vardir.
Gegirgen kaya formasyonlari, iyi baglantili gozeneklere
sahip olduklarindan dolay1 suyun yer altina en iyi
sekilde sizmasina destek olurlar. Gegirimsiz kaya
formasyonlar1 ise bunun aksine daha kiigiik, daha az
birbirine bagli gozenekler ile daha ince taneli veya
karigik tane boyutuna sahiptirler ve bu sebeple suyun yer
altina sizmasina engel olurlar [37].

Toprak

Taskin riskinde etkili bir 6l¢iit olan toprak gruplar
suyun sizmasmi farkli sekillerde etkilerler. Toprak
tiiriine bagl olarak yagisin toprak igerisindeki sizma
orant diisiitk olan toprak tiirlerinde ylizey drenajimin
artmasi ile beraber taskin riskinin arttig1 goriilmektedir.
Killi topraklar kolay asimabildigi igin gegirimsiz 6zellik

gosterdiginden taskina karsi yiiksek duyarliliktalardir
[38].

Baki

Baki; yagis miktar1 ve sicakliga etki ederek dolayli
olarak taskin iizerinde rol oynamaktadir. Gilizelsu Alt
Havzasinda bulunan akarsularin genel olarak bati ve
giiney yonlerine dogru mansaplandigi goriillmektedir. Bu
nedenle tagkin agisindan en riskli yonler bunlardir.

Arazi kullanim

Tagkinda etkili olan diger bir etken de arazi
kullanimr’dir. Yiizeydeki sularin yer altina sizmasi arazi
kullanimi ile dogrudan baglantilidir. Arazi kullaniminin
uygunsuz, bitki Ortlisii seyrek veya bitki Ortiistinden
tamamen yoksun oldugu arazilerde yagmur sular direkt
akisa geger. Bitki Ortiisiiniin yogun, arazi kullaniminin
ise uygun oldugu alanlarda akig daha azdir. Ormanlar ve
bitki ortlisiiniin yogun oldugu yerler yilizey suyunun yer
altma sizmasmi desteklerken, kentlesmenin yogun
oldugu yerler, ylizeydeki sularin topraga sizmadan akisa
gecmesine neden olur.

VAN GOLU HAVZASI GUZELSU ALT HAVZASI AKARSU UZAKLIK HARITASI

Akarsulara Uzaklik
(metre)

k2

Sekil 3.a — Akarsuya Uzakhk Haritas

| VAN GOLU HAVZASI GUZELSU ALT HAVZASI ARAZI KULLANIM HARITASI

Sekil 3.b — Arazi Kullammm Haritasi
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VAN GOLU HAVZASI GUZELSU ALT HAVZASI BAKI HARITASI

Baki
Yén
[ ot

. ey

— N
1 y

2
Hilomaters.

Sekil 3.c — Baki Haritas1

VAN GOLU HAVZASI GUZELSU ALT HAVZASI BTG HARITASI

Bilyik Toprak Grubu
Toprak

[ —
I Khverengi Topeatiar
I v Toprabar
[ Reges:
I ok Toprakior

A

Sekil 3.d — Biiyiik Toprak Grubu Haritasi

VAN GOLU HAVZASI GUZELSU ALT HAVZASI EGIM HARITASI

Egim
()
[

T 5000000001 - 15
[ 15 00000001 - 26
[ 25 0000000 - 50

I 50 00000001 - 73 12622723

2
Kiometers

Sekil 3.e — Egim Haritas:
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VAN GOLU HAVZASI GUZELS%ALT HAVZASI JEOLOJI HARITASI

Jeoloji
[ Aovvon
Bzt

KUVARSIT-KUVARS §IST
KIREGTAS!

Sekil 3.f — Jeoloji Haritas1

VAN GOLU HAVZASI GUZELSU ALT HAVZASI YAGIS HARITASI

Yagis

T 3392648352
W o3 52-5%079
I 5056217
[ EarTm
R

Sekil 3.9 - Yagis Haritas:
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3.2- Taskin Tehlike Analizi ve Haritalamasi

Tablo 4 — Kriterlerin karsilastirilmasi ve Kriterlere
ait agirhik dereceleri

VAN GOLU HAVZASI GUZELsu}g LT HAVZASI TASKIN RISK HARITASI
£, ;;e - o

Sekil 4 — Cahsma Alamma Ait Taskin Risk
Haritasi

4- Sonuglar ve Oneriler

Bu c¢alisma Van Goli Havzasinin  Gilizelsu Alt
Havzasin1 kapsamaktadir. Giizelsu Alt Havzasi
sinirlar1 icerisinde taskini etkileyecek 7 adet faktor

(egim, arazi kullanim, toprak, baki, jeoloji, yagis ve
akarsuya olan uzaklik) ele alinarak bolgede meydana
gelecek olas1 bir tagkinda, tagkina maruz kalacak riskli
alanlar tespit edilmistir. AHP yontemiyle bu 7 kriter

Kriterler [11 [21 [31 [4 [51 [6] [71 Agwrhk
Derecesi
(1) Akarsulara 1 2 3 5 7 7 7 0.347
Uzakhk

(2) Egim 172 1 3 5 7 7 7 0.282
(3) Yagis 3 1/3 1 3 5 5 5 0.161
(4) Arazi 15 1/5 13 1 3 3 3 0.084
Kullanim
(5) Bityiik Toprak 1/7 1/7 15 13 1 3 3 0.058
Grubu
(6) Baki ur U7 15 13 13 1 2 0.038
(7) Jeoloji yr 17 15 13 1/3 12 1 0.030
Tutarhhk
Oram
(CR):
0.09

Bu calismada AHP analizine dayali yapilan

degerlendirme sonucunda; 7 adet kriter i¢in CR degeri
hesaplanmig ve sonug 0.09 bulunmustur. Bulunan bu CR
degeri 0,1’den kiigiik oldugu igin elde edilen sonuglarin
tutarh oldugu kabul edilmistir. Yapilan bu analizin
sonucuna gore; akarsulara uzaklik ve egim Kriterleri
tagkin risk haritalamasinda en yiiksek agirlik degerine
sahip kriterler iken; bak1 ve jeoloji kriterleri ise en diisiik
agirlik degerine sahip kriterler oldugu goriilmiistiir
(Tablo 3). CBS-AHP tabanli olusturulmus olan tagkin
risk haritasinin sonucunda ortaya ¢ikan risk kategorileri
“cok yiiksek riskli (% 5.49)”, “yiiksek riskli (% 14.92)”,
“riskli (% 26.74)”, “az riskli (% 36.69)” ve “risksiz (%
16.16)” seklinde 5 farkli sinif ile temsil edilmistir.
Glizelsu Alt Havzasinin  bir kismi tagkin  riski
bakimindan “¢ok yiiksek riskli” siifinda yer alirken bir
kismi da “yiiksek riskli” sinifinda yer almistir. Giizelsu
Alt Havzasinda egimin ve yiikseltinin ¢ok diisiik olmasi,
jeolojik birim agisindan aliivyal malzemelerin yogun
olmas1 ve yillik toplam yagis miktarinin fazla olmasi bu
durumun en biiyiikk sebeplerindendir.  ilerleyen
zamanlarda bu bolgedeki yerlesim alanlarinin ve tarim
arazilerinin olas1 bir tagkin afetinde yiiksek tehdit arz
edebilecegi goz ardi1 edilmemelidir.

948

(jeoloji, akarsuya uzaklik, egim, baki, toprak, yagis,
arazi kullanimi) degerlendirilerek ArcMap 10.8
yaziliminda Weighted Sum (agirlikli toplam) araciyla 7
adet harita cakistirilarak ¢aligma alaninin tagkin risk
haritas1 iiretilmistir. Uretilen tagkin risk haritasia gore,
“Cok Yiiksek Riskli” alanlar %6,6 , “Yiiksek Riskli”
alanlar %14,5 , “Riskli” alanlar %29,7 , “Az Riskli”
alanlar %31,9 ve “Risksiz” alanlar %17,2 oraninda yer
kaplamaktadir.

Bu calismada kullanilan yontem, caligma alami olan
Gilizelsu Alt Havzasinda tagkin yonetimi igin
onerilebilecek bir yontemdir. Taskinlarin tahmin
edilemeyen ve yikici sonuglari nedeniyle olas1 bir tagkin
afetinde zarar gorebilecek alanlarm belirlenmesi,
risklerin - minimum seviyeye indirilmesi agisindan
oldukca énemlidir. Ozellikle ¢ok yiiksek riskli, yiiksek
riskli ve riskli bolgelerin mikro diizeyde sahada da
analizlerin yapilmas1 gerekmektedir. Elde edilecek
neticeler yardimiyla yapisal veya yapisal olmayan
onlemlerle bu risklerin asgari seviyeye indirilmesi
gerekmektedir. Bu bolgedeki yerlesim ve tarim alanlari
ile hayvancilik tesisleri gbzden gegirilmeli, muhtemel
bir tagkin esnasinda erken uyari sistemlerinin aktifllgi ve
devamliligi  saglanmali, meteoroloji radarlarindan
faydalanilmali, tagkin tahliye haritalar1 ve toplanma
alanlan tagkin afetinde once hazir ve belirli olmalidir
[39]. Calisma biitiin olarak ele alindiginda; olas1 bir
tagkinda zarar gorebilecek alanlarda yapilasma ve
kentsel gelisim kontrol altina almarak bu alanlardaki alt
yap1 konularinda ilgili mevzuat ve standartlar 6lgiisiinde
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gereken iyilestirmeler yapilmalidir. Boylelikle olast bir
tagskinda riskli alanlarmn zarar gérme ihtimali biiyiik
Olcilide azaltilacaktir.
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17.Bolge Miidiirligiine ve danigmanim Dog. Dr. Recep
Celik’e tesekkiirii borg bilirim.
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MAKALE BILGILERI Oz

Diinyada, insanoglu var olusundan beri barinma ve beslenme gibi temel ihtiyaglarini karsilamak i¢in uygun

Makale Gegmiyi: B i NS e
yerler aramiglardir. Doga olaylarindan dolay1 ve insanlarin konfor isteginin artmasiyla birlikte barinma

Gelis 20 Agustos 2024 ihtiyaglari i¢in daha elverisli mekanlara ge¢gmislerdir. Yerlesik hayata gecis ile birlikte su ve toprak karigimi
Revizyon 9 Aralik 2024 olan kerpicin malzemeden insa edilmis yapilar kullanilmaya baslanmistir. Anadolu’nun birgok bdlgesinde
Kabul 15 Aralik 2024 kerpi¢ malzeme ile geleneksel konut ve hayvan barmaklari inga edilmistir. Bu ¢aligmada, kapsamli literatiir
Online 23 Aralik 2024 arastirmasi yapilmustir. Diyarbakir ilinin Karagali (Tilalo) Mahallesi’ndeki kerpi¢ malzemeden insa edilen

giivercin evlerinin(boranhane) mimari ozellikleri, mevcut durumu ve yapisal sorunlari ele alinmigtir.
Anahtar Kelimeler: Giliniimiize ulasan biri arkeolojik kalint1 seklinde toplam yedi adet giivercin evinin (boranhane) bulundugu

bolgede alan ¢aligmast yapilmistir. Alan ¢alismasinda oncelikle giivercin evlerinin (boranhane) r6love
Boranhane, Diyarbakir, Giivercin projeleri ¢ikartilmistir. Az, orta ve agir hasarli alt1 adet giivercin evlerinin(boranhane) mevcut durumlari
Evleri, Karagali (Tilalo), Kerpig, ve yapisal sorunlart gozlemsel olarak tespit edilerek bu sorunlar ayrintili fotograflarla belgelenmistir.
SEM- EDX Giivercin evlerinin (boranhane) ingasinda kullanilan kerpi¢ malzemenin igeriginin belirlenmesi amaciyla

alt1 adet giivercin evlerinden(boranhane) deneysel calismada kullanilmak {izere toplam sekiz adet kerpi¢
numune almmustir. Almman numuneler iizerinde DUBTAM laboratuvarinda SEM-EDX analizleri
yapilmstir. Diyarbakir kent tarihinde, kiiltiirel ve mimari miras olarak kabul edilen giivercin evlerinde
(boranhane) yap1 malzemesi olarak kullanilan kerpicin igerik analizi deneysel ¢alismalarla belirlenmistir.
Deneysel ¢aligmalar sonucunda igerigi belirlenen kerpi¢ malzemenin, giivercin evlerine (boranhane)
yonelik yapilacak onarim ve restorasyon ¢alismalari i¢in giincel bir rehber olmasi hedeflenmistir. Giivercin
evlerinin (boranhane) korunarak gelecek nesillere aktarilmasi ve bu yondeki akademik galigmalarin
yayginlastirilmasi onemli ve gereklidir. Bu baglamda, yapilan ¢alismanin giivercin evleri (boranhane)
kiiltiirlerinin yagatilmasi, mimaride siirdiiriillebilirlik 6zellik kazandirilmas1 bakimindan katki saglayacagi

diistiniilmektedir.
ARTICLE INFO ABSTRACT
Article history: In the world, human beings have been looking for suitable places to meet their basic needs such as shelter
and nutrition since their existence. Due to natural events and with the increase in people's desire for
Received 20 August 2024 comfort, they have moved to more favorable places for their shelter needs. With the transition to settled
Received in revised form 9 December 2024 |ife, structures built of adobe material, which is a mixture of water and soil, began to be used. In many
Accepted 15 December 2024 regions of Anatolia, traditional houses and animal shelters were built with adobe material. In this study, a
Available online 23 December 2024 comprehensive literature research was conducted. The architectural features, current status and structural
problems of the pigeon houses (boranhane) built of adobe material in Karagali (Tilalo) Neighborhood of
Keywords: Diyarbakir province are discussed. A field study was conducted in the region where there are a total of
seven pigeon houses (boranhane), one of which is an archaeological relic. In the field study, first of all,
Boranhane, Diyarbakir, Pigeon the survey projects of the pigeon houses (boranhane) were prepared. The current conditions and structural
Houses, Karagali (Tilalo), Adobe, problems of six pigeon houses (boranhane) with minor, moderate and severe damage were determined
SEM- EDX observationally and these problems were documented with detailed photographs. In order to determine the

content of adobe material used in the construction of the pigeon houses (boranhane), a total of eight adobe
samples were taken from six pigeon houses (boranhane) to be used in the experimental study. SEM-EDX
analyses were performed on the samples in the laboratory of DUBTAM. The content analysis of the adobe
used as building material in the pigeon houses (boranhane), which are accepted as cultural and architectural

Doi: 10.24012/dumf.1535958 heritage in Diyarbakir city history, was determined by experimental studies. It is aimed that the adobe
material, whose content was determined as a result of the experimental studies, will be an up-to-date guide
* Sorumlu Yazar for the repair and restoration works to be carried out for the pigeon houses (boranhane).It is important and

necessary to preserve pigeon houses (boranhane) and transfer them to future generations and to expand
academic studies in this direction. In this context, it is thought that the study will contribute to the
preservation of the culture of pigeon houses (boranhane) and to provide sustainability in architecture.
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Giris

Insanoglu tiim tarih boyunca iklim kosullarindan,
cevresel faktorlerden ve doga olaylarindan korunmak
amactyla stirekli mekan arayist igerisinde olmuslardir
[1]. ilk yasadigi mekanlar ise magara ve agac kovuklar
olmugtur [2]. Zaman igerisinde insanlar yerlesik hayata
gecerck toprak yapilar ingsa etmeye baslamiglardir.
Yerlesik hayatla birlikte bazi hayvan tiirlerini de
evcillestirmeye baslayan insanlar onlar1 da korumak igin
toprak esasli kerpicten hayvan barinaklar1 insa
etmiglerdir.

Eski tarihlere bakildig1 zaman Anadolu’da da ¢ok amagh
kullanmim icin kerpi¢ yapilar goriilmiistiir. Insanlar icin
konut, biiyiikbas hayvanlar i¢in ahir, kiigiikbas hayvanlar
icin kiimes ve giivercinler i¢in ise gilivercin evleri insa
edilmistir.

Tirkiye’nin birgok bolgesine insa edilen bu barinaklar
bolgelere gore yoresel, kiiltiir ve gelenek olarak mimari
ve malzeme acisindan farkliliklar gostermektedir.
Selguklu Doéneminde ¢ift basli kus tasvirleri iradenin
gliciinii ve egemenligini ifade etmistir [3]. Islamiyet’in
kabuliinden sonra kus tasvirlerinin ¢ogu alanlarda
kullanilmasi kuslara verilen 6nem ve degeri gostermistir.
Serce, kirlangi¢, kumru, giivercin ve leylek gibi birgok
kus tiirti, kutsal bolgelere seyahat edip dondiikleri igin
kutsal olarak kabul edilmistir [4]- [5].

Osmanli Déneminde kuslar i¢in insa edilen barinaklar
giivercinlikler ve kus evleri olarak iki ayn islevde
yapilmistir. Glivercin evleri kuglarin  giibrelerinden
yararlanmak i¢in yapilmasina ragmen kus evleri sadece
barinmalari amaciyla yapilmigtir [5]. Giiniimiizde
Tiirkiye’de giivercin evleri ¢ok az sayida kalmig ve bu
amagla yeni yapilar inga edilmemis, mevcut yapilar doga
kosullar1 ve bakimsizlik, terk nedeniyle yok olma
slirecine girmistir.

Diyarbakir ilinin kirsal bolgelerinde de, giivercin
giibrelerinin tarimda kullanmasi amaciyla giivercin evleri
(boranhane) insa edilmistir [6]. Zaman igerisinde suni
giibrenin artigt ile birlikte giivercin evlerinin (boranhane)
kullanim1 azalmaya baglamistir. Kullanilmayan giivercin
evlerinin (boranhane) bazilar1 gilinlimiize ulagamamais,
bazilar1 kismi ya da agir hasarli olarak ulasmistir.
Giivercin evlerinin (boranhane) sinirli sayida giiniimiize
ulasarak aktif olarak kullanilmaktadir.

Bu c¢alisma, Diyarbakir ilinin Karagali (Tilalo)
Mabhallesi’ndeki giivercin evlerinin(boranhane) mimari
ozelliklerini kapsamaktadir. Diyarbakir ili Karagali
(Tilalo) Mabhallesi almarak calisma alan1
simirlandiridmistir - (Sekil  1).  Kapsamli  literatiir
arastirmasi yapilarak alan c¢alismasindaki giivercin
evlerinin (boranhane) rolove projeleri ¢ikartilmis olup
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giivercin evlerinin (boranhane) nem, yagmur, sicaklik
degisimi, deprem, bakimsizlik ve hatali tasarim gibi
etkenlerden dolayr zaman igerisinde olusan hasarlar
gorsel olarak ele alimmistir. Alti tane kus evlerinden
(boranhane) alman sekiz adet numuneler DUBTAM
laboratuvarinda taramali elektron mikroskopu (SEM) ve
enerji dagilimli X-151m1 spektroskopisi (EDX) deneyleri
yapilmis olup veriler elde edilmistir. Elde edilen veriler
degerlendirilmistir.  Makalenin  amaci, Diyarbakir
Karagali (Tilalo) Mahallesi’'ndeki giivercin evlerinin
(Boranhane) mevcut hasar sorunlar tespit edilip, elde
edilen deneysel veriler ile birlikte restorasyon siirecine
gidilmesi ve Ozglin yapim sistemi ile insalarinin
yapilmasidir. Incelenen yapi hasarlar1 dogrultusunda
giivercin evlerinin (boranhane) korunmasma ydnelik
Oneriler sunulmustur. Ayrica, halk tarafindan bdlgeye
6zgli yapim sistemi ile insa edilen bu giivercin evleri
(boranhane), kiiltiirel miras agisindan biiyiikk 6nem
tagimakta olup gelecek nesillere aktarilmasi biiyiik 6nem
tagimaktadir.

&

=% 'q@'
i =

Sekil 1. Diyarbakir, Karagali (Tilalo) Mahallesi’ndeki glivercin
evlerinin (boranhane) yerlesim diizeni (2024)

Materyal ve Metod

Karacal (Tilalo) Mahallesi’ndeki
Borahanelerin Yapisal Sorunlarin
Gozlemsel Olarak Tespiti

Kerpig yapilar, kerpi¢ malzemenin gdzenekli olmasi ve
suya dayanikliliginin az olmasi nedeniyle zaman icinde
bozulmaya ugramaktadir. Bu bozulmalar, sicaklik
degisimleri, riizgar, yagmur siddeti ve yogunlugu, kar
yagislari, don olaylar1 gibi bir¢ok iklim degisiklikleri ve
depremler gibi etkenlere bagli olarak artarak yapisal
sorunlara neden olmaktadir. Kerpi¢ yapilardaki
bozulmalara, belirli araliklarla bakim yapilmasi
gerekmektedir. Bu bakimlarin yapilmamasi sonucu
yapilarda hasarlar olusmaktadir.
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Kerpi¢ malzemesi fazla gozenekli yapiya sahip
olmasindan kaynakli diger baz1 yap1 malzemelerine gore
daha fazla nemi iginde tutabilirler [8]. Su ve nem gibi
dogal faktorler ozellikle kerpi¢ yapilarda daha fazla
sorunlara ve hasarlara yol agmaktadir. Yapilarin temeli
icin yagmur suyuna karst dogru uygulamalar yapilmadigi
zaman Ozellikle toprak esasli yapilarin alt kisimlarinda
hasarlar olugsmaktadir [7]. Yagmurun yogun olmasi ve
rizgarm etkisi ile yapiya sert darbelerle dik veya agili
sekilde carparak temas etmesi sonucu kerpic yapilarda
aginmalar meydana gelmektedir. [2]. Cephede ve list
ortiide yagmur ve kar sularmin etkisiyle nem miktari
artarak yap1 duvarlarinda yumusama, c¢atlama ve
par¢alanmaya bagli bozulmalar olugsmaktadir. Kerpig
yapilardaki nem ve suyun tahliyesinin saglandigi sacak
ve ¢evresel drenajlarin bulunmamasi bozulmalar ile
bozulmalara bagli yapisal sorunlarin artmasina yol
agmaktadir [2].

Sicaklik degisimleri sonucu kerpi¢ yapilarda biiziilme ve
genlesme olaylar1 gergeklesmektedir.  Yapmnin ig
yapisinda gerilmeler olusarak yap1 duvarlarinda gatlaklar
ve yapi elemanlarinda (pencere ve kapi gibi) hasarlar
meydana gelmektedir [9]. Ek olarak her yagis ve sicaklik
artist sonucu yapt duvarlarinda diizensiz catlaklar
olusumu gozlenir [7].

Kerpi¢ yapilarda zaman igerisinde su ve nemden
kaynaklt  bitki olusumlar1  goriilmektedir.  Bitki
olugumlar1 sonucu yapilarda catlaklar meydana
gelmektedir. Bu bitki olusumlari(¢igeklenme) yagmur
veya kar suyu temasi ile daha fazla giirleserek hasar
oranini arttirmaktadir. Ek olarak, bitki
olusumlari(gigeklenme) ile birlikte bazi kemirici
hayvanlar kerpi¢ duvarlarda oyuk veya delik gibi
hasarlara neden olmaktadir [9].

Kerpig¢ yapilardaki duvar kalinliklarinin fazla olmasi ve
ist ortiilerin ahsap kirisle desteklenen toprak dam ile
kaplanmasi, yapilarin kiitlece agir yapmakta olup, bu
durum deprem etkisi agisindan olumsuz ydnde
etkilemektedir [7]- [9].

Diyarbakir Karacali (Tilalo) Mabhallesi’nde bulunan
giivercin evleri (boranhane) genellikle bakimsizlik, terk
nedeniyle yapisal sorunlari bulunan hasarli bir sekilde
glinimiize ulasmigtir. 7 adet glivercin evinden
(boranhane) bir tanesi tiimiiyle yikilmis arkeolojik kalintt
seklindedir (Sekil 2).
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Sekil 2. Giivercin elerinin (boranhane) genel goriiniimii

1 numarali giivercin evi (boranhane) diginda kalan diger
bes adet giivercin evinin st ortiileri tiimiiyle yikilmistir.
1 no’lu giivercin evi sahipleri tarafindan niteliksiz
malzeme ve tekniklerle kapatilmig olup, diger giivercin
evlerine gore doga kosullarina kars1 daha korunakli hale
gelmistir. Giivercin evlerinde (boranhane) bakimsizlik,
terk, doga kosullar1 ve deprem etkisi sonucu olusan
hasarlar ve hasarlara bagli olarak yapisal sorunlar
meydana gelmistir.

Nem Etkisiyle Olusan Hasarlar

Alan calismasinda gdzlemlenen giivercin evlerinde
(boranhane) doga kosullar1 (yagmur ve kar) sonucu nem
kaynakli, yapilardaki duvarlarin alt ve iist kisimlarda
kerpi¢c malzemede kayiplar oldugu goriilmiistiir.
Yapilarin cephelerinde agmmmalar meydana gelerek
pliriizli ylizeyler olusmustur.

Ust ortiisii yikilan yapmin {ist duvarlarinda kismi
kayiplar mevcuttur. Nemden kaynakli aginma sonucu
kerpi¢ malzemedeki samanlar ortaya ¢ikmistir. Ayrica,
dis cephe duvarmimn alt kisimlarda par¢a kopmalarina
bagli malzeme kayiplart oldugu goriilmektedir (Sekil 3).

Sekil 3. 2 numaral1 giivercin evinde(boranhane) meydana gelen nem
hasarlar1

Ust drtiisii yikilan yapinin duvarlarinda gatlak ve ayrisma
hasarlar1 bulunmaktadir. Boranhane de drenaj borusu ve
sagak elemanlarmin bulunmamasi ve dis ortam kosullar
nedeniyle yapinin alt kisimlarinda ve duvarlar ile
payandalarda par¢a kopmalarina bagli malzeme kayiplari
ile ve aginmalar meydana gelmistir. Ayrica, aginma
sonucu ylizey diizgiinliigii bozulmustur (Sekil 4).

R L TN
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Sekil 4. 3 numaral1 giivercin evinde(boranhane) meydana gelen nem
hasarlari

Ust értiiniin eksikligine bagl dis ortam kosullaria maruz
kalan yapida, su ve neme bagli dis cephe duvarinin alt
kisminda aginma ve parca kopmasi meydana gelmistir.
Bu kayiplarla kerpic malzemedeki saman ve diger
malzemelerde bozulmalar goriilmektedir (Sekil 5).
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Sekil 5. 4 numaral1 giivercin evinde(boranhane) meydana geleri nem
hasarlar1

Ust ortiisii yikilan yapinin  duvarlarmin iist ve alt
kisimlarinda nem kaynakli bozulmalara bagli malzeme
kayiplart bulunmaktadir. Yapi elemanlart sagak ve
yagmur tahliye borularinin olmamasi nedeniyle, yapimin
i¢c kismi1 olup duvarin alt kisimlarinda yine aginmalar ve
parga kayiplart Ayrica duvarlarda neme bagli sismeler
oldugu goriilmektedir (Sekil 6).

' 4

hasarlar

Ust ortiisiiniin yikildig1 yapmin i¢ ve dis duvarlarinin alt
kisimlarinda asinma, parca kopmalar1 ve kayiplar ile
neme bagli bozulmalar bulunmaktadir (Sekil 7).

o, - > e

.LSekll 7. 6 numaralt éﬁvercin evinde(boranhane) me};dana gelen nem
hasarlar

Bitki Olusumlarina Bagh Olusan Hasarlar

Bitki olusumlari, kerpi¢ yapiya zarar veren su ve nem
etkisiyle olugsan bozulmalardir. Giivercin evlerinin {ist
ortiilerinin  yikilmasi ve dig ortam kosullarina karsi
korunaksiz olmalaria yol agmistir. Dogal bir malzeme
olan kerpicin biinyesindeki tuzun sicaklik etkisiyle yok
olmasi zamanla duvarlarda bitki olusumlarina neden
olmustur. Bitki olusumlarmin mevcut oldugu alanlarda
malzeme kaybina bagli bosalmalar ve ayrigmalara bagl
hasarlar ve yapisal sorunlar meydana gelmistir. Bu
durum Karagali (Tilalo) Mahallesi’ndeki tim kerpic
yapilarda bulunmaktadir (Sekil 8).

3 no’lu giivercin evi (boranhane) 4 no’lu giivercin evi (boranhane)
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5 no’lu giivercin evi

B

R

6 no’lu giivercin evi (boranhane)

Sekil 8. Giivercin evlerinde (boranhane) meydana gelen bitki
olusumlart

Bakimsizhk ve Terk Nedeniyle Olusan
Hasarlar

Giivercin  evleri  (boranhane), giivercin  besleme
geleneginin  siirdiiriildiigi, gilivercin  giibrelerinin
toplandig1 ve tarimda kullanildig1 kerpi¢ malzemeden
yapilan geleneksel kus evleridir. Zaman iginde, suni
giibrelerin yayginlagmasi ve kdyden kente go¢ vb. gibi
bircok nedenlerle, giivercin evleri (boranhane)
kullanilamamistir.  Giivercin evlerine bakimlar ve
onarimlar yapilmamis ve terk edilmistir. Bakimsizlik ve
terk bu yapilarin doga kosullar etkisine bagli bozulma ve
hasarlarinin artmasina neden olmustur. Karagali (Tilalo)
Mabhallesi’ndeki giivercin evlerinin (boranhane) sadece
bir tanesinin st Ortiisii yenilenmis diger bes adet
giivercin evinin {ist ortiisii yikilmis ve yenilenmemistir.

(Sekil 9).

6 no’lu giivercin evi (boranhane)

Sekil 9. Bakimsizlik ve terk sonucu iist ortiisii yikilan giivercin evleri
(boranhane)

Deprem Etkisiyle Olusan Hasarlar

Deprem yapilarin tasiyici sistemini etkileyen en 6nemli
dogal afetlerden biridir. Bu nedenle bozulmalara ugramis
ve yapisal sorunlar1 bulunan yapilarda deprem etkisi
mevcut hasarlar1 arttirabilmektedir. Karacali (Tilalo)
Mabhallesi’nde yer alan yapisal bozulmalar ile hasarlar
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olan giivercin evlerinde (boranhane) 6 Subat 2023
tarihinde meydana gelen Kahramanmaras depremi
etkisine bagli yapisal sorunlarin arttit goriilmiistiir.
Ozellikle duvarlarda striiktiirel ~catlaklar, ayrisma

hasarlar1 ve yikilmalar meydana gelmis, yapilarin mevcut
stritktiirleri bozulmustur (Sekil 10).

4 no’lu giivercin evi(boranhane) 5 no’lu giivercin evi(boranhane)

6 no’lu giivercin evi(boranhane)

Sekil 10. Giivercin evlerinde (boranhane)deprem etkisiyle olusan
striiktiirel catlaklar ve ayrigmalar

Sonug olarak; gozlemsel tespit sonucu 2010 ve 2024
yillarina ait mevcut olan giivercin evlerinin(boranhane)
yapisal hasarlar1 goriilmektedir (Sekil 11). Suni giibre
atis1 ile yapilarin terk edilmesi sonucu yapilarda
bakimsizliktan dolay1 hasarlar meydana gelmistir. Ek
olarak, sicaklik etkisi kerpicin biinyesindeki tuzun yok
olmasi, yapim sistemlerinin yanlis uygulanmasi ve sagak
ile gevresel drenaj eksikligi nedeniyle su ve nemden
kaynakli yilizey bozuklugu, yiizeysel kilcal ¢atlaklar,
parca ve kerpi¢ blok kayiplar1 ve bitki olusumlart gibi
hasarlar olmustur. 6 Subat 2023 Kahramanmarag
depremi sonrasi giivercin evlerinde(boranhane) yapisal
catlaklar ve parga parca kerpi¢ duvar kayiplar1 meydana
gelmistir. Meydana gelen hasarlar 2024 yilinda g¢ekilen
resimlerde goriilmektedir.
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2010 yilindaki giivercin evleri

2024 yilindaki giivercin evleri
Sekil 11. 2010 ve 2024 yilinda giivercin evleri(boranhane)

Karacah (Tilalo) Mahallesi’ndeki Giivercin
Evlerinde (Boranhane) Meydana Gelen
Yapisal Sorunlarin Deneysel Olarak
Incelenmesi

Giivercin evlerinden(borahane) alinan sekiz adet numune
cift tarafli bant yardimiyla her bir numuneden ayr1 ayri
kiigtik parcalar alinarak sirasi ile “QUANTA FEG 250”
makinesine  yerlestirilmistir. ~ Cihaza yerlestirilen
numuneler ile yiiksek enerjili elektronlar etkileserek
foton ve elektron sinyalleri olusturmustur. Farkli agilarla
sacilan elektronlar dedektor (algilayici) tarafindan
toplanmistir. Toplanmis olan sinyaller ise mikroskop
yazilimi ile iglenerek, alinan numunelerden goriintiiler
elde edilmistir [12].

SEM-EDX Deney Yontemi ve Kullamlan
Cihazlar

Taramali elektron mikroskobu, odaklanmis elektron
demeti numune ylizeyini tarayarak goriintiiler elde eden
bir elektron mikroskop tiirtidiir. Elektronlar numunedeki
atomlar ile etkileserek numune ylizeyindeki topografi ve
kompozisyon hakkinda bilgiler igeren farkli sinyaller
iretir. Bu sinyaller dedektorler tarafindan toplanarak
bilgisayar ekranina aktarilip gorintiiler elde edilir [10].
EDX analizi ise numunenin elementel bilesimlerini elde
etmek i¢in kullanilir [11] (Sekil 12).

Sekil 12. SEM-EDX deneyi i¢in kullanilan Quanta Feg 250 makinesi
(2024)

Numunelerin Elde Edilmesi ve
Hazirlanmasi

Diyarbakir ilinin Karagali(Tilalo) Mahallesi’nde alan
caligmasi yapilarak biri arkeolojik kalint1 olan yedi adet
giivercin evlerinin(boranhane) duvarlarindan sekiz adet
numune alimmistir. Numunelerin plandaki yeri, alman
yeri ve numune fotograflar1 gosterilmistir(Sekil 13).
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Ismuncio Numune aliman yer

Numune fotografi

1 numarah giivercin
evi(boranhane)

Plandaki Konumu
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oooor d|

1 nolu giivercin evinden(boranhane) alman numune

Numune No

Numune alinan yer Numune fotografi

2 numarah giivercin
evi(boranhane) 1. numune

Plandaki Konumu
u

- .

B p——

2 nolu giivercin evinden(boranhane) alman 1. Numune
Numune No
Numune aliman yer
2 numarah giivercin
evi(boranhane) 2. numune

Plandaki Konumu
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3 nolu giivercin evinden(boranhane) alinan numune

Numune No Numune alman yer  Numune fotografi

4 numarah giivercin
evi(boranhane)

Plandaki Konumu

o]

4 nolu giivercin evinden(boranhane) alinan numune

Numune No

Numune alinan yer Numune fotografi

5 numarah giivercin

evi(boranhane) ‘J‘\
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; ®x i
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5 nolu giivercin evinden(boranhane) alman numune

Numune fotografi
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Numune No

Numune alinan yer

Numune fotografi
6 numarah giivercin
evi(boranhane)

Plandaki Konumu

6 nolu giivercin evinden(boranhane) alman numune

Numune No Numune ahnan yer ~ Numune fotografi
7 numarah giivercin

evi(boranhane)

Arkeolojik kalmti fotograf

7 nolu giivercin evinden(boranhane) alinan numune

Sekil 13. SEM-EDX deneyi i¢in hazirlanan numuneler (2024)

Numuneler Uzerinde Yapilan SEM-EDX
Deneylerinin Yapilmasi

Alan ¢aligmasindan biri arkeolojik kalintidan alinan sekiz
adet numune cift tarafli bant yardimu ile kii¢lik pargalar
alimmistir. Sonrasinda SEM-EDX cihazina yerlestirilen
numuneler taramali elektron mikroskopu(SEM) ile
yiizeylerin morfolojisine hakkinda bilgi edinilmistir.
Ayrica numunenin belirli boyutlarda goriintiileri bu cihaz
ile elde edilmistir.  Enerji  dagilimhi  X-151m
spektroskopisi(EDX) ile numuneler igerisindeki hangi
elementlerin oldugu ve mevcut elementlerin yiizdelikleri
hakkinda bilgiler elde edilmistir. Deneyler sonucu elde
edilen bilgiler SEM goriintilleri, EDX grafigi ve
elementlerin yiizdelikleri tablo seklinde verilmistir[13]-
[16].

1 Numarah Giivercin Evi (Boranhane) SEM-EDX
Analizi

Cift tarafli bantla alinan numune Ornegi taramali
elektron mikroskopu (SEM) ile 500x-1000x-5000x
gorlintiileri  almmustir  (Sekil 14). Alinan SEM
goriintiileri sonucu yiizeyin goézenekli, diizensiz ve
homojen yapida olmadig tespit edilmistir [14]. Enerji
dagilimli X-151m1 spektroskopisi(EDX) ile yapilan deney
sonucu alman numunede oksijen (O), magnezyum (Mg),
aliminyum (Al), silisyum (Si), potasyum (K), kalsiyum
(Ca) ve demir (Fe) elementlerine rastlanilmigtir[17].
Deney sonucu; oksijen miktar1 %53.50, magnezyum
%1.78, aliiminyum %7.27, silisyum %23.16, potasyum
%1.73, kalsiyum %7.39 ve demir %5.18 degerlere
sahiptir (Tablo 1) [18]. Numunede en yiiksek degere
sahip olan element oksijen olup, en az degere sahip olan
element ise potasyum olarak Ol¢iilmiistir (Sekil 15).
SEM goriintiistinde numunenin gézenekli yapiya sahip
olmasinin nedeni hapsolmus havadan kaynakli oldugu
goriilmektedir. Ayrica, potasyum (K) ve magnezyum
(Mg) yiizdelik degerlerinin diisiik olmasi, kerpig harcina
eklenen atiklar ve katki maddelerinden dolay1 olmasi
olasidir[19].
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Sekil 14. 1 numaral1 gilivercin evinin(boranhane) numunesine ait 500x-
1000x-5000x SEM goriintiileri

Tablo 1. 1 numarali giivercin evinin(boranhane)numunesine ait EDX
element yiizdeleri

Element Tiirleri

EDX oKk MgK AIK SiK KK CaK FeK
% 535 178 727 2316 173 739 5.8
...... AAL _A_:

Sekil 15. 1 numéréh giivercin evinin(boranhane) numunesine ait EDX
grafigi

2 Numarah Giivercin Evi (Boranhane) SEM-EDX

Analizi

Cift tarafli bantla alman 1. numune Ornegi taramali
elektron  mikroskopu(SEM) ile 500x-1000x-5000x
goriinttileri alimmistir(Sekil 16) [13]. Alman SEM
gorilintiileri sonucu ylizeyin gozenekli, diizensiz ve
homojen yapida olmadigi tespit edilmistir. Enerji
dagilimh X-1s1m1 spektroskopisi(EDX) ile yapilan deney
sonucu aliman numunede oksijen(O), magnezyum(Mg),
aliminyum(Al), silisyum(Si), fosfor(P), potasyum(K),
kalsiyum(Ca) ve demir(Fe) elementlerine rastlanilmstir.
Deney sonucu; oksijen miktart %53.07, magnezyum
%2.01, aliminyum %6.24, silisyum %21.52, fosfor
%1.34, potasyum %71.88, kalsiyum %9.95 ve demir
%3.99 degerlere sahiptir (Tablo 2). Numunede en yiiksek
degere sahip olan element oksijen olup, en az degere
sahip olan element ise fosfor olarak Sl¢lilmiistiir (Sekil
17). Ayrica, 1 numarali giivercin evinden(boranhane) ek
olarak fosfor elementine de rastlanilmistir. SEM
goriintiisinde numunenin gozenekli yapiya sahip
olmasmin nedeni hapsolmus havadan kaynakli oldugu
goriilmektedir.Ayrica, potasyum(K) ve magnezyum(Mg)
yiizdelik degerlerinin diisiik olmasi, kerpi¢ harcina
eklenen atiklar ve katki maddelerinden dolay1 olmasi
olasidir[18]- [19].

Sekil 16. 2 numarali giivercin evi(boranhane) 1. numunesine ait
500x-1000x-5000x SEM goriintiileri
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Tablo 2. 2 numaral giivercin evinin(boranhane) 1. numunesine ait
EDX element yiizdeleri

Element Tiirleri
EDX

OK MgK AIK  SiK PK KK  CaK FeK
% 53.07 201 6.24 2152 134 188 995 3.99
V' A

Sekil 17. 2 numarali giivercin evinin(boranhane)
l.numunesine ait EDX grafigi

2 Numarah Giivercin Evi (Boranhane) SEM-EDX
Analizi

Cift tarafli bantla alinan 2. numune Ornegi taramali
elektron  mikroskopu(SEM) ile 500x-1000x-5000x
gorintiileri alimmistir [15]. Alman SEM goriintiileri
sonucu ylizeyin gozenekli, diizensiz ve homojen yapida
olmadig tespit edilmistir (Sekil 18). Enerji dagilimli X-
1s11  spektroskopisi(EDX) ile yapilan deney sonucu
alimnan  numunede  oksijen(O), magnezyum(Mg),
aliminyum(Al), silisyum(Si), fosfor(P), potasyum(K),
kalsiyum(Ca) ve demir(Fe) elementlerine rastlanilmistir.
Deney sonucu; oksijen miktar1 %53.75, magnezyum
%2.17, aliminyum %7.37, silisyum %?24.39, fosfor
%1.07, potasyum 9%1.52, kalsiyum %6.22 ve demir
%3.51 degerlere sahiptir (Tablo 3). Numunede en yiiksek
degere sahip olan element oksijen olup, en az degere
sahip olan element ise fosfor olarak Sl¢lilmistir (Sekil
19)[16].Ayrica, 1 numaral giivercin evinden(boranhane)
ek olarak fosfor elementine de rastlanilmigtir. SEM
goriintiisinde numunenin  gozenekli yapiya sahip
olmasmin nedeni hapsolmus havadan kaynakli oldugu
goriilmektedir. Ayrica, potasyum(K) ve magnezyum(Mg)
yiizdelik degerlerinin diisiik olmasi, kerpi¢ harcina
eklenen atiklar ve katki maddelerinden dolayt olmasi
olasidir[17] -[19].

Sekil 18. 2 numarali giivercin evi(boranhane) 2. numunesine ait 500x-
1000x-5000x SEM goriintiileri
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Tablo 3. 2 numarali giivercin evinin(boranhane) 2. numunesine ait

EDX element yiizdeleri
Element Tiirleri
EDX = OK MgK AIK  SiK PK KK  CaK FeK
% 53.75 217 737 2439 107 152 6.22 3.51

Sekil 19. 2 numarali giivercin evinin(boranhane) 2.numunesine ait
EDX grafigi

3 Numarah Giivercin Evi (Boranhane) SEM-EDX
Analizi

Cift tarafli bantla alinan numune 6rnegi taramali elektron
mikroskopu (SEM) ile 500x-1000x-5000x goriintiileri
almmustir (Sekil 20). Alimman SEM goriintiileri sonucu
ylizeyin gozenekli, diizensiz ve homojen yapida olmadigi
tespit edilmistir. Enerji dagilimli X-1g1n1 spektroskopisi
(EDX) ile yapilan deney sonucu alinan numunede
oksijen (O), magnezyum (Mg),aliminyum (Al), silisyum
(Si), potasyum (K), kalsiyum (Ca) ve demir (Fe)
elementlerine rastlanilmistir. Deney sonucu; oksijen
miktart  %49.71, magnezyum %1.76, aliiminyum
%14.36, silisyum %23.40, potasyum %6.00, kalsiyum
%2.31 ve demir %2.46 degerlere sahiptir (Tablo 4) [19].
Numunede en yiiksek degere sahip olan element oksijen
olup, en az degere sahip olan element ise magnezyum
olarak Olgiilmistir (Sekil 21). SEM goriintiisiinde
numunenin goézenekli yapiya sahip olmasinin nedeni
hapsolmus havadan kaynakli oldugu goriilmektedir.
Ayrica, potasyum (K) ve magnezyum (Mg) yiizdelik
degerlerinin diisiikk olmasi, kerpi¢ harcina eklenen atiklar
ve katki maddelerinden dolay1 olmas1 olasidir [14]- [15].

m ;-
Ui T‘J
SR )

i '

Sekil 20. 3 numaral1 giivercin evinin(boranhane) numunesine ait
500x-1000x-5000x SEM gérintiileri

Tablo 4. 3 numarali giivercin evinin(boranhane) numunesine ait EDX
element yiizdeleri

Element Tiirleri
OK MgK AIK SiK KK CakK
4971 176 1436 2340 6.00 231

EDX
%

FeK
2.46

958

Sekil 21. 3 numarali giivercin evinin(boranhane)numunesine ait EDX
grafigi
4 Numarah Giivercin Evi (Boranhane) SEM-EDX
Analizi

Cift tarafli bantla alinan numune 6rnegi taramali elektron
mikroskopu (SEM) ile 500x-1000x-2500x gortntiileri
almmistir (Sekil 22). Alinan SEM goriintiileri sonucu
yiizeyin gézenekli, diizensiz ve homojen yapida olmadig:
tespit edilmistir. Enerji dagilimli X-1g1n1 spektroskopisi
(EDX) ile yapilan deney sonucu alinan numunede
oksijen (O), magnezyum (Mg), aliiminyum (Al),silisyum
(Si), potasyum (K), kalsiyum (Ca) ve demir (Fe)
elementlerine rastlanilmigtir. Deney sonucu; oksijen
miktar1 %54.32, magnezyum %?2.14, aliminyum %6.98,
silisyum %25.94, potasyum %1.56, kalsiyum %4.61 ve
demir %4.46 degerlere sahiptir (Tablo 5) [13]- [16].
Numunede en yiiksek degere sahip olan element oksijen
olup, en az degere sahip olan element ise potasyum
olarak Olglilmistir (Sekil 23). SEM goriintiisiinde
numunenin gozenekli yapiya sahip olmasinin nedeni
hapsolmus havadan kaynakli oldugu goriilmektedir.
Ayrica, potasyum (K) ve magnezyum (Mg) yiizdelik
degerlerinin diisiik olmasi, kerpi¢ harcina eklenen atiklar
ve katki maddelerinden dolay1 olmasi olasidir [13] -[19].

Sekil 22. 4 numaral1 giivercin evinin(boranhane) numunesine ait
500x-1000x-2500x SEM goriintiileri

Tablo 5. 4 numarali giivercin evinin(boranhane) numunesine ait EDX
element yiizdeleri

Element Tiirleri

EDX OK MgK AIKK SiK KK CaK FeK

% 5432 214 698 2594 156 461 4.46

Sekil 23. 4 numaral1 giivercin evinin(boranhane) numunesine ait EDX
grafigi
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5 Numarah Giivercin Evi (Boranhane) SEM-EDX
Analizi

Cift tarafli bantla alinan numune 6rnegi taramali elektron
mikroskopu(SEM) ile 500x-1000x-5000x gorintiileri
almmustir(Sekil 24). Alinan SEM goriintiileri sonucu
ylizeyin gdzenekli, diizensiz ve homojen yapida olmadigi
tespit edilmistir [15]- [16]. Enerji dagilmh X-1g1m
spektroskopisi (EDX) ile yapilan deney sonucu alinan
numunede karbon (C), oksijen (O), magnezyum (Mg),
aliminyum (Al), silisyum (Si), potasyum (K), kalsiyum
(Ca) ve demir (Fe) elementlerine rastlanilmigtir. Deney
sonucu; karbon miktar1 %16.60, oksijen miktar1 %52.66,
magnezyum %1.64, aliminyum %4.87, silisyum
%16.61, potasyum %1.17, kalsiyum %4.20 ve demir
%2.25 degerlere sahiptir (Tablo 6). Numunede en yiiksek
degere sahip olan element oksijen olup, en az degere
sahip olan element ise potasyum olarak Ol¢iilmiigtiir
(Sekil 25). Ayrica, diger giivercin evlerinden(boranhane)
alman numunelerden ek olarak karbon elementine
rastlanilmistir. SEM goriintiisiinde numunenin gozenekli
yapiya sahip olmasinin nedeni hapsolmus havadan
kaynakli oldugu goriilmektedir. Ayrica, potasyum (K) ve
magnezyum (Mg) ylizdelik degerlerinin diisiikk olmas,
kerpi¢ harcina eklenen atiklar ve katki maddelerinden
dolay1 olmasi olasidir [17]- [18].

Sekil 24. 5 numaral1 giivercin evinin(boranhane) numunesine ait
500x-1000x-5000x SEM gorintiileri

Tablo 6. 5 numarali giivercin evinin(boranhane) numunesine ait EDX
element yiizdeleri

Element Tiirleri

EDX TCK OK MgK AIK SiK KK CaK FeK
% 1660 5266 164 487 1661 117 420 225
A Fs

Sékil‘ 25. 5 ﬁumarah giivercin evinin(boranhane) numunesine ait
EDX grafigi
6 Numarali Giivercin Evi (Boranhane) SEM-EDX
Analizi

Cift tarafli bantla alinan numune 6rnegi taramali elektron
mikroskopu (SEM) ile 500x-1000x-5000x goriintiileri
almmustir (Sekil 26). Aliman SEM goriintiileri sonucu
ylizeyin gézenekli, diizensiz ve homojen yapida olmadigi
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tespit edilmistir [13]- [18]. Enerji dagilimh X-1g1n1
spektroskopisi (EDX) ile yapilan deney sonucu alinan
numunede oksijen (O), magnezyum (Mg),aliiminyum
(Al), silisyum (Si), potasyum (K), kalsiyum (Ca) ve
demir (Fe) elementlerine rastlanilmigtir. Deney sonucu;
oksijen miktar1 %58.54, magnezyum %2.12, aliiminyum
%7.49, silisyum %21.28, potasyum %1.04, kalsiyum
%6.63 ve demir %2.90 degerlere sahiptir (Tablo 7).
Numunede en yiiksek degere sahip olan element oksijen
olup, en az degere sahip olan element ise potasyum
olarak Olgiilmistir(Sekil 27). SEM goriintiisiinde
numunenin gdzenekli yapiya sahip olmasinin nedeni
hapsolmus havadan kaynakli oldugu goriilmektedir.
Ayrica, potasyum (K) ve magnezyum (Mg) ylizdelik
degerlerinin diisiik olmasi, kerpi¢ harcina eklenen atiklar
ve katki maddelerinden dolay1 olmasi olasidir [15]- [16].

Sekil 26. 6 numaral1 giivercin evinin(boranhane) numunesine ait
500x-1000x-5000x SEM goriintiileri

Tablo 7.6 numarali giivercin evinin(boranhane) numunesine ait EDX
element yiizdeleri
Element Tiirleri
MgK AIK SiK KK CaK FeK

EDX  OK

% 58.54 212 749 2128 104 6.63 2.90

Sekil 27. 6 numarali giivercin evinin(boranhane) numunesine ait EDX
grafigi

7 Numarah Giivercin Evi (Boranhane) SEM-EDX
Analizi

Cift tarafli bantla alinan numune 6rnegi taramali elektron
mikroskopu (SEM) ile 500x-1000x-5000x gorintiileri
almmistir (Sekil 28). Alinan SEM goriintiileri sonucu
ylizeyin gozenekli, diizensiz ve homojen yapida olmadigi
tespit edilmistir [13]- [19]. Enerji dagilimli X-1g1m
spektroskopisi(EDX) ile yapilan deney sonucu alinan
numunede oksijen (O), magnezyum (Mg), aliiminyum
(Al), silisyum (Si), potasyum (K), kalsiyum (Ca) ve
demir (Fe) elementlerine rastlanilmistir. Deney sonucu;
oksijen miktar1 %54.53, magnezyum %?2.22, aliiminyum
%6.41, silisyum %25.71, potasyum %1.91, kalsiyum
%5.37 ve demir %3.86 degerlere sahiptir (Tablo 8).
Numunede en yiiksek degere sahip olan element oksijen
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olup, en az degere sahip olan element ise potasyum
olarak Olglilmistir (Sekil 29). SEM goriintiisiinde
numunenin goézenekli yapiya sahip olmasinin nedeni
hapsolmus havadan kaynakli oldugu goriilmektedir.
Ayrica, potasyum (K) ve magnezyum (Mg) yiizdelik
degerlerinin diisiik olmasi, kerpi¢ harcina eklenen atiklar
ve katki maddelerinden dolay1 olmast olasidir [15]- [16].

Sekil 28. 7 numaral1 giivercin evinin(boranhane) numunesine ait
500x-1000x-5000x SEM gorintiileri

Tablo 8. 7 numarali giivercin evinin(boranhane) numunesine ait EDX
element yiizdeleri

Element Turleri

EDX TOK MgK AIK SiK KK CaK  FeK
% 5453 222 641 2571 191 537 3.86
" ,

AR, A -

Sekil 29. 7 numarali giivercin evinin(boranhane) numunesine ait
EDX grafigi

SEM-EDX Deney Sonug¢larinin Genel
Degerlendirilmesi

Deneyleri yapilan sekiz adet numunenin igeriginde
bulunan elementler: oksijen (O), magnezyum (Mg),
aliminyum (Al), silisyum (Si), potasyum (K), kalsiyum
(Ca), demir (Fe), fosfor (P) ve karbon (C)’dur.

e  Oksijen elementinin en yiiksek degere %58.54
ile 6 numarali giivercin evi(boranhane) olup, en
diisiik degere %49.71 ile 3 numarali giivercin
evi(boranhane) oldugu tespit edilmistir.

e Magnezyum elementinin en yliksek degeri %
2.22 ile arkeoloji kalinti olan 7 numarali
giivercin evi(boranhane) olup en diisiik degeri
%1.64 ile 5 numarali giivercin evi(boranhane)
oldugu tespit edilmistir.

e Aliminyum elementinin en yiiksek degeri
%14.36 ile 3 numarali glivercin evi(boranhane)
olup , en diisiik degeri %4.87 ile 5 numarah
glivercin  evi(boranhane)  oldugu  tespit
edilmigtir.

e Silisyum elementinin en yiiksek degeri %25.94
ile 4 numarali giivercin evi(boranhane) olup, en
diistik degeri %16.61 ile 5 numarali giivercin
evi(boranhane) oldugu tespit edilmistir.

e Potasyum elementinin en yliksek degeri %6 ile
3 numarali giivercin evi(boranhane) olup, en
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diisiik degeri %1.04 ile 6 numarali giivercin
evi(boranhane) oldugu tespit edilmistir.

e Kalsiyum elementinin en yiiksek degeri %9.95
ile 2 numarali giivercin evinin(boranhane) 1.
numunesi olup, en diisiik degeri %2.31 ile 3
numarali giivercin evi(boranhane) oldugu tespit
edilmistir.

e Demir elementinin en yiiksek degeri %5.18 ile
1 numarali giivercin evi(boranhane) olup en
diisiik degeri %2.25 ile 5 numarali giivercin
evi(boranhane) oldugu tespit edilmistir.

e Fosfor elementi sadece 2 numarali giivercin
evinde (boranhane) bulunmustur. 2 numaral
yapidan iki adet numune almmustir. 2 numarali
giivercin evinin(boranhane) 1. numunesindeki
fosfor elementinin degeri %1.34 olup, 2.
numunesindeki degeri ise %1.07 olarak
Olciilmiistiir.

e Karbon elementi ise %16.60 degeri ile sadece 5
numarali giivercin evinde (boranhane) mevcut
oldugu tespit edilmistir.

Sonu¢ olarak; numunelerden elde edilen veriler
degerlendirildigi zaman en yiiksek degere elementler ;
oksijen, silisyum, karbon, aliiminyum ve kalsiyumdur.
En az degerlere sahip olan elementler ise fosfor,
magnezyum, potasyum ve demir oldugu tespit edilmistir.

Sonuclar ve Oneriler

Genel olarak, kus evleri ve tarihi hakkinda genis
arastirmalar yapilarak, kullanilan malzemeler, yapim
teknikleri  anlatilmig  olup  ¢esitli  fotograflarla
belgelenmistir.

Kerpig, kirsal mimaride kullanilan dogal ve dnemli yap1
malzemelerinden biridir. Kus evleri Tiirkiye’deki bir¢ok
kentte camilerde, aga¢ kovuklarinda, kervansaray vb.
yapilarin dis cephelerinde ayr1 bir boliim birakilarak insa
edilmigtir.

Giivercin evleri (boranhane), kirsal alanlarda bagimsiz
olarak insa edilen yapilardir. Genel olarak giibrelerinden
yararlanmak i¢in insa edilen giivercin evleri (boranhane)
giiniimiize sinirli sayida ulagabilmistir. Zaman iginde
suni gilibre artigiyla birlikte giivercin  giibresinin
kullanimimin azalmasi giivercin evlerinin (boranhane)
kullanim1 ve islevinin azalmasma yol agmistir. Bu
durumun sonucunda, giivercin evleri (boranhane) terk
edilmis ve bakimsizliktan dolayr hasar almaya ve yok
olmaya baglamistir.

Diyarbakir Karacali (Tilalo) Mahallesi’nde yer alan
giivercin evleri (boranhane) 6zgiin mimarisiyle ulasmis
kiiltiir miraslarindan biridir. Bu c¢aligmada, Karacal
(Tilalo) Mabhallesi’'nde yer alan giivercin evlerinin
(boranhane) mimari o6zellikleri ve mevcut yapisal
sorunlar1 ve hasarlar1 yapilan alan c¢aligmasiyla
incelenmistir. Incelenen alti adet giivercin evinin
(boranhane) mevcut hasarlar1 gorsel olarak incelenip,
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mevcut sorunlar ve hasarlar fotograflarla belgelenmistir.
Alan caligmast ile smirlt sayida giiniimiize ulagan
giivercin  evlerinin  (boranhane) roléve projeleri
¢ikartilarak giincel arsiv olusturulmustur.

Kullanilmayan giivercin evlerinde (boranhane) nem
sorunlarina bagl bitki olusumlari, malzeme kayiplari,
duvarlarda sgisme, bakimsizlik, terk nedeniyle {ist
ortiilerinin yikilmasi, yapilarda onarimlarin yapilmamasi
ve bu durumlara bagli hasarlarin olustugu tespit
edilmigtir.6  Subat  2023’te  meydana  gelen
Kahramanmaras depreminin etkisiyle hasarli duvarlarin
bir kismi yikilmis mevcut olanlarda striiktiirel ¢atlaklar
ve ayrigsmalar meydana gelmistir.

Alan calismasinda biri arkeolojik kalinti yedi adet
giivercin  evlerinden(boranhane) alman sekiz adet
numune DUBTAM laboratuvarinda taramali elektron
mikroskopu (SEM) ve enerji dagilimhi = X-151m1
spektroskopisi (EDX) deneyleri yapilmistir. Ik asamada
sekiz adet numuneler, ¢ift tarafli bant yardimi ile kiigiik
pargalar alimarak SEM-EDX cihazina yerlestirilmistir.
Yerlestirilen numunelerin 500x-1000x-5000x
boyutlarinda SEM goriintiileri alinmis olup EDX ile de
numuneler igerisindeki hangi elementlerin oldugu ve
mevcut elementlerin yiizdelikleri elde edilmistir. Elde
edilen bilgiler EDX grafigine aktarilmistir. Son agamada
ise elde edilen sonuglar dogrultusunda Oneriler
sunulmustur.

Yapilan SEM-EDX Analizlerinde;

Tablo 9. Giivercin evlerindeki(boranhane) mevcut element tablosu
ELEMENTLER
Mg | Al [Si [K

Numune alinan
giivercin evleri 0O
(boranhane)
1 numarah + | + + + + + +
giivercin
evi(boranhane)
2 numaral + |+ 4 A 4 + + +
giivercin
evi(boranhane)1.
numune
2 numarah + | + + + + + + +
giivercin
evi(boranhane)2.
numune
3 numarah + | + + + + + +
giivercin
evi(boranhane)
4 numarah + | + + + + + +
giivercin
evi(boranhane)
5 numarah + |+ + + + + + -+
giivercin
evi(boranhane)
6 numarah + |+ + + + + +
giivercin
evi(boranhane)
7 numarah + | + + 1 = A +
giivercin
evi(boranhane)
(+): Elementlerin yapida mevcut oldugunu gosterir. (-): Elementlerin yapida
mevcut olmadigim gosterir

Ca Fe P|C

Sonug olarak, tiim giivercin evlerinde (boranhane) SEM-
EDX analizleri sonucu oksijen (O), magnezyum (Mag),
aliminyum (Al), silisyum (Si), potasyum (K), kalsiyum
(Ca) ve demir (Fe) elementleri rastlanmilmigtir. Tim
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giivercin ~ evlerinde  (boranhane) kalsiyum (Ca)
elemntinin goriilmesi yagigl havalardan kaynakli oldugu
diisliniilmektedir.2 numaral giivercin evinde(boranhane)
ek olarak fosfor (P) elementi bulunmaktadir. Kaya ve
minerallerin  pargalanarak fosfor (P) elementinin
numunede kullanilan topraga karistig1 diistintilmektedir.
Ayrica, fosfor (P) elementi bitki gelisimine etkisi
olumludur. Boylelikle fosfor(P) elementinin giivercin
evlerindeki(boranahane) alinan numunelerde bulunmasi
yapilardaki bitki olusumlarmma olumsuz bir etki
yaratmaktadir (Toros tarim). 5 numarali giivercin evinde
(boranhane) de karbon (C) elementi bulunmaktadir.
Karbon (C) elementi; topragin fiziksel o6zelliklerinin
iyilesmesine ve killi topraklarin yapisal dengesini
gelistirmeye katki saglar (Teknobiyoloji). Yapilarda en
yiiksek degere sahip olan element oksijen olurken en
diistik elementler potasyum, magnezyum ve fosfor olarak
Olciilmiistiir.

Kentlerin kirsal alanlarinda yer alan, kent sosyo-kiiltiirel
yasantisi ile geleneginde dnemli yeri olan gilivercin evleri
giiniimiizde kaybolma tehlikesi ile kars1 karsiyadir.

Bu baglamda, az, orta ve agir hasarli giivercin evlerinin
(boranhane) korunmasi ve yeniden kullanimi i¢in bazi
oOneriler su sekildedir:

e Giivercin  evlerinin  (boranhane)  &zgiin
islevlerini kaybetmis olmalarina ragmen
ivedilikle roléve ve restorasyon projeleri
¢ikartilmalidir.

e Ozgiin mimarisinin korunarak  giiniimiiz
teknolojisine uygun c¢ozliimler iretilerek

yenilenmelidir.

e Caligmalarin titiz bir sekilde yiiriitiilmesi ve
Ozgiin  islevlerini  geri  kazandirilmasi
saglanmalidir.

e Bakimsizlik ve terk edilmis olan giivercin
evleri(boranhane) temizlenmelidir.

e Ust

ortiisi.  mevcut olmayan  giivercin

evleri(boranhane) koruyucu ortii ile
kapatilmalidir.

e RoOlove ve restorasyon projeleri  sonrasi

giiclendirme projeleri uygulanmalidir.

e Yap1 elemanlar1 kaybmna ugrayan giivercin
evlerine (boranhane) 06zgiin tamamlamalar
yapilmalidir.

Diyarbakir Karagali (Tilalo) mevkiindeki giiniimiize
sinirli sayida ulasan gilivercin evlerinin (boranhane),
yakin zamanda onarimlar1 yapilmamis ve terk edilerek
doga kosullarma karsi savunmasiz  birakilmistir.
Gilivercin  evlerinin  (boranhane) dzgiin  yapim
teknikleriyle onarilarak kullanilabilir duruma getirilmesi,
kiiltiirel mirasin korunmasi ve kent hafizasinin
yasatilmast agisindan oldukg¢a dnemlidir.

Giivercin evlerinin (boranhane) 6zglin mimarisiyle
yeniden kullanimi giivercin besleme kiltiiri  ve
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geleneginin  yasatilmasina  yonelik  ¢alismalarin
yapilmasinin benzer yapilar igin gilincel bir kaynak
olmasi ile bu gelenegin gelecek nesillere aktarilmasina
katki saglayacag diistiniilmektedir.

Not: Bu cahsma “Diyarbakir Karacal (Tilalo)
Mabhallesindeki Giivercin Evlerinin (Boranhane)
Yapisal Sorunlarinin  Belirlenmesi  ile Kerpic
Malzemenin SEM-EDX Analizlerinin Yapilmas1”
bashkh yiiksek lisans tezinden iiretilmistir.
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This experimental study focuses on two most commonly used stone types in masonry building stock in the
Urla Peninsula of izmir: sandstone and limestone. The compressive behavior of these stones, which is
critical to the structural integrity of historic and contemporary stone masonry buildings in the region, was
analyzed in detail. To assess their mechanical performance under compressive stress, uniaxial compressive
loads were applied to the stone samples, which were gathered after an extensive field survey. Scanning
Electron Microscopy (SEM) and Brunauer-Emmett-Teller (BET) analyses were employed to characterize
their microstructure. SEM analysis provided detailed insights into the surface morphology and
microstructural composition of the stones, revealing differences in grain size and bonding. BET analysis
was used to determine the specific surface area and pore size distribution, which are key factors influencing
the stones' mechanical strength and durability. The results demonstrated that limestone exhibits
significantly superior mechanical properties under compressive stress compared to sandstone. Specifically,
the denser and more homogeneous microstructure of limestone, characterized by smaller pores and fewer
micro-cracks, contributes to its higher compressive strength. This was corroborated by BET analysis,
which showed that limestone has a larger surface area and less porous structure, enhancing its load-bearing
capacity. In contrast, sandstone, with its relatively higher porosity, displayed lower resistance to
compressive forces, making it more susceptible to deformation and failure under axial loads. The study
underscores the importance of microstructural characteristics in determining the mechanical performance

* Corresponding author of natural building materials.

Introduction

The masonry building stock of izmir predominantly
consists of structures built with locally available stone
types, primarily limestone, and sandstone. These materials
have been favored for their availability, workability, and
durability, making them ideal for the city's traditional
construction practices. Limestone and sandstone are often
categorized and used based on their finish and size,
typically classified as ashlar or rubble stone. Ashlar
masonry refers to finely dressed stones with even surfaces,
usually cut into rectangular shapes. This type of masonry is
often used in more formal, monumental, or high-status
buildings due to its aesthetic appeal and the precision
required in its construction. In Izmir, ashlar limestone and
sandstone are common in historic buildings, such as
government structures, religious buildings, and affluent
residences. The smooth, regular appearance of ashlar
masonry provides not only visual appeal but also structural
integrity due to the tight fit between stones. Rubble
masonry, on the other hand, involves using irregularly
shaped stones that are either minimally dressed or left in
their natural state. This type of masonry is more commonly
found in vernacular architecture, including rural homes,
boundary walls, and utility structures. Rubble limestone and

sandstone are prevalent in Izmir’s traditional buildings,
particularly in areas where quick and cost-effective
construction methods were necessary. Despite the irregular
shapes, rubble masonry can be highly durable, especially
when skilled masons ensure good bonding and packing of
the stones.

In response to the increasing seismic activities and
associated losses observed recently around the Aegean Sea,
the Izmir Metropolitan Municipality, authorized under the
Provincial Risk Reduction Plans (IRAP), collaborated with
Bogazi¢i University to develop the Izmir Earthquake
Master Plan (IEMP). Within the IEMP project framework,
the focus was on estimating the structural damage and
associated losses in buildings under the standard design
earthquake (with a 10% probability of being exceeded in 50
years). In the scope of IEMP project, a comprehensive
building inventory study was conducted with an aim for
classifying  buildings based on their structural
characteristics, construction date, project and construction
quality, and occupancy characteristics. According to the
inventory study, a total of 217,824 buildings were
investigated, involving 190,419 reinforced concrete
buildings (87%), 23,362 stone masonry buildings (11%),
and 4,043 buildings of other types (2%). Analyzing a pilot
area in the city center under the IEMP project revealed that
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stone masonry structures constitute the most vulnerable
ones within the building stock.

Although its usage has decreased in the last few decades
with the emergence of new construction and techniques,
stone is still widely utilized in many regions where it is
abundant and alternative materials are not readily available.
However, it is well-recognized that stone masonry
structures predominantly constructed in rural areas using
stone units (kayrak, andesite, granite, limestone, etc.) are
highly vulnerable against earthquakes. Nevertheless, due to
their high prevalence in the building stock, it seems
economically unfeasible to demolish and rebuild all risky
stone masonry structures. Therefore, an urgent
comprehensive inventory study should be conducted on
existing stone masonry structures, to classify them
accordingly. Subsequently, risk prioritization activities
should be carried out for each group, and relevant structures
should be either demolished and rebuilt or strengthened.
However, rich diversity in local materials and construction
practices in stone masonry structures complicates
implementation of this process, necessitating regional
solutions. When the literature is mined, it is clearly
observed that there are several studies reporting the
properties of locally available stone units around izmir [1-
4]. Tuncoku et al. [5] classified rural structures in izmir
based on architectural features and identified stone masonry
structures as one of the most commonly used types around
Izmir. This study also mentioned that, in the rural building
stock of izmir, one to two-story stone masonry structures
with different wall textures are frequently observed. Stones,
such as neatly cut ashlar stones extracted for centuries from
existing quarries in Balikliova (Urla) and Alagati (Cesme),
are commonly used in the construction of stone masonry
structures found in the narrow streets of the Urla peninsula.
It is evident that the demand for these stones has increased
due to their characteristics, such as not requiring plaster and
whitewash applications. Biger [6] characterized Alagati
stone as a lightweight, porous sedimentary rock composed
of volcanic ash, sand, and lava particles. The research
pointed out the stone's limitations in structural applications
due to its low compressive strength, high water absorption
rate, and significantly higher abrasion rate when compared
to other local stone types. Despite these weaknesses, the
study proposed that the stone’s low unit volume weight
could make it an appealing option for use in earthquake-
prone areas like Izmir. It should be noted that this claim is
debatable, as the increase in axial stress on masonry walls
does not necessarily deteriorate their seismic performance.
Yavuz [7] also examined the durability of Alagati stone,
reporting compressive strength, water absorption, and
thermal conductivity values similar to that of Biger [6]. In
addition, in the studies by Milosevic et al. [8], Demir et al.
[9], and Gonen and Soyoz [10], experiments were
conducted under compressive loads, and the mechanical
behaviors of stone masonry walls were experimentally
obtained. When examining studies that investigate the
behavior of masonry walls under compression, it is
observed that the compressive strengths of stone units vary
widely between 4 MPa and 160 MPa, the compressive
strengths of walls can range between 1 MPa and 22 MPa,

and the modulus of elasticity of the walls shows a
distribution between 560 MPa and 7000 MPa. Upon
reviewing studies within this broad spectrum, it is evident
that the behavior of masonry structures under compressive
effects varies significantly depending on the masonry unit,
mortar, wall size, and number of layers. Therefore, it is
crucial to consider these extensive local variations when
determining the behavior of such structures. It is also
noteworthy to mention that identifying the mechanical and
microstructural properties of stone units forms the first step
in order to understand the behavior of stone masonry
structures under service and seismic loads. This study offers
essential data on mechanical and microstructural behavior
of locally available sandstone and limestone samples for
consideration in design and structural performance
assessment of existing vulnerable stone masonry buildings
on Urla peninsula. According to the "Peninsula Sustainable
Development Strategy" document prepared by the izmir
Development Agency [11], the Urla peninsula encompasses
five of Izmir's thirty districts, namely Urla, Cesme,
Karaburun, Guzelbahce, and Seferihisar, accounting for
approximately 25% of the total area of the city [12].
Besides, in the last 20 years, Izmir has experienced 4
earthquakes with magnitudes of Mw=5.7 and above, all of
which occurred in the Urla peninsula. This situation
indicates the necessity and importance of the presented
study. Moreover, despite the potential for severe casualties
and economic losses in the stone masonry structures during
a possible earthquake, there is a limited number of research
on this topic for the Urla peninsula, particularly focusing on
the relationship  between the mechanical and
microstructural properties of locally available stone units.
As such, first, compressive behavior of different stone units
gathered from the existing building stock was estimated
under uniaxial compressive loads. At the second step, SEM
analyses have been carried out for examination and analysis
of micro and nanoparticle imaging characterization of the
stone units. Finally, BET analyses were conducted for
revealing specific surface areas and pore size distributions
in stone units. Such a holistic approach, which has been
performed for the first time to identify the characteristics of
the locally available stone units in the investigated
peninsula, has the potential to serve to eliminate the
uncertainties on modelling the behavior of vulnerable stone
masonry structures in the investigated region. The findings
of the study may also aid the development of reliable risk
mitigation strategies by serving to the inventory studies
aligned with the current attempts within the region.

Mechanical and Microstructural Properties

As a part of an extensive field survey conducted in Urla
peninsula, the most observed stone samples were taken with
the aim of identifying their mechanical and microstructural
properties. Compressive tests were conducted to determine
the mechanical properties of the stone units. For these tests,
the specimens were prepared in accordance with the ASTM
C170M [13] standard. As per this standard, cross sectional
dimensions of the rectangular prism specimens should be at
least 50.8 mm and the height to width ratio should be at least
one. Therefore, in the scope of this study, 100x100x100
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mm cube samples were cut using a rotating saw from
specimens gathered during the field survey. The specimens
were kept under ambient conditions for about 2 weeks to
ensure that they reached their natural water content prior to
compressive tests. Besides, unit weights of the specimens
were measured at three successive days until weight change
due to the humidity variations has been stabilized. Unit
weights of the limestone and sandstone specimens were
measured to be around 2384 kg/m3 and 1789 kg/m3,
respectively. Sandstone specimens were tested with a 250
kN capacity Schimadzu AG-I universal testing machine,
whereas limestone samples were tested using a Utest
compression press with a capacity of 3000 kN, since they
necessitated a higher capacity. A total of 10 specimens were
tested namely, five out of 10 specimens were sandstone
whereas the remaining five were limestone. Displacement-
controlled tests were performed for the purpose of uniaxial
compressive loading of the specimens. The rate of loading
should not exceed 690 kPa/s, but this requirement may be
considered as being met if the speed of the loading head is
not more than 1.3 mm/min. as per ASTM C170M [13].
Considering this phenomenon, a loading rate of 0.3
mm/min. was applied and kept constant during the uniaxial
compressive tests. Figure 1 demonstrates the appearances
and failure modes of the limestone and sandstone samples,
respectively. Sandstone samples exhibited a relatively more
ductile behavior which can be identified with a smooth
descending branch in the stress-strain responses. On the
other hand, limestone samples explosively failed
corresponding to a considerably brittle response. This
difference can be attributed to the alteration of the natures
for the stone samples in terms of chemical and pore
composition, which is investigated below in the present
study. Axial stress - strain responses of the limestone and
sandstone specimens are shown in Figures 2 and 3,
respectively. In these figures, the stress was calculated as
the ratio of the applied load to the initial cross-section area
(100x100 mm?) of the specimen, whereas the axial strains
were calculated as the ratio of the average vertical
deformation measured with the two LVDTs integrated
within the test machine over a full gage length between the
loading plates (along 100 mm height).
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Fig. 1. Appearances of a) limestone, b) sandstone samples
after compression tests.

Mechanical properties of limestone and sandstone units are
summarized in Table 1. In this table, fy is the compressive
strength, &co is the compressive strain corresponding to the
peak stress and E is the elastic modulus of the stone
samples. Letters L and T stand for limestone and sandstone
units of each series (i.e., L1 is the first limestone specimen),

respectively, M is the median value, SD refers to the
standard deviation and CoV is coefficient of variation
(SD/M). It should be noted for Table 1 that properties of L5
sample were excluded from the calculations of compressive
strength and elastic modulus of the limestone samples due
to the problems encountered during the test of this
specimen. As seen in Figs. 2- 3 and Table 1, limestone
displayed a better behavior compared to sandstone in terms
of encountered compressive strength. The average
compressive strength, fe, calculated from the tests were
83.1 MPa and 11.2 MPa for limestone and sandstone
samples, respectively. The modulus of elasticity, E, for the
specimens are determined as the secant modulus in the
range of 30% and 60% of the ultimate compressive strength
in the ascending branch of the stress—strain diagram as
indicated by Binda et al. [14]. The average values for the
elastic modulus were calculated to be 7611 MPa and 696
MPa for the limestone and sandstone, respectively. Due to
the lower axial stiffness of the sandstone samples, strain
corresponding to the peak stress is remarkably larger for
these samples with respect to the limestone units. This
behavior led to a more ductile response for the sandstone
samples. The high compressive strength makes limestone
more suitable for load-bearing applications in construction,
especially in historical and monumental structures. On the
other hand, sandstone should be used in construction for
decorative purposes or in areas where load bearing is less
critical. The studies conducted after the 2023
Kahramanmaras earthquakes also indicated that the stone
masonry buildings with poor quality of materials exhibited
a worse earthquake performance [15]

With an aim to better understand the reason behind the
variation in the mechanical behavior, SEM analyses were
used for high-resolution imaging and composition analysis
by energy-dispersive X-ray microanalysis (EDS) on a FEI
Quanta FEG 250 instrument present in Centre for Materials
Research in Izmir Institute of Technology. Figures 4-9
show SEM results at 1000x, 2500x and 5000x
magnification for the limestone and sandstone samples,
respectively. The result of several SEM analyses through
different portions of the grained stone powder indicated the
presence of elements of Ca, C, and O, which are
components of carbonate phases CaCOs (calcite) in the
limestone samples, whereas the analysis of sandstone
indicated silicon dioxide or quartz (SiO2) formations as
shown in Figures 10-11 via their EDS spectra at a selected
point.
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Axial Stress (MPa)
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Fig. 2. Axial stress — strain response of the limestone
samples.
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Fig. 3. Axial stress — strain response of the sandstone
samples.

Table 1. Mechanical properties of stone units.

fo E
Type (MPa) 0 (MPa)
L1 829 0022 4754
L2 657 0016 5507
L3 925 0016 11498
L4 911 0013 8685
L5* 1558 0012 17337
M 831 0016 7611
SD 107 0004 2686
CoV 0.13 025 035
T1 121 0024 575
T2 96 0026 688
T3 138 0018 947
T4 124 0023 586
T5 7.9 0026 684
M 112 0023 69
SD 24 0003 134
CoV 0.21 013  0.19

* The properties of L5 specimen were not considered in the
calculations.

In addition, weight and atomic percentages of the elements
for limestone and sandstone samples obtained from the EDS
microanalysis are shown in Tables 2-3, respectively. Figs.
4-9 show that the microstructure of the limestone samples
appears to be compact and very tightly knit compared to
sandstone. The homogeneity of limestone’s microstructure
contributes to its higher compressive strength and durability

compared to sandstone. On the other hand, as seen in Figs.
7-9, the presence of the pores in sandstone samples resulted
in a more porous microstructure with respect to the
limestone. The porous nature of sandstone led to a lower
compressive strength. The cementing material between the
grains can significantly affect sandstone’s mechanical
properties. A weaker cement results in more voids and
cracks, leading to lower strength. The presence of pores also
enabled material to deform more remarkably under
compressive stress, resulting in higher compressive strain
but lower stiffness. These gaps in the microstructure also
allowed the sandstone samples to absorb some of the stress
through deformation, which spreads the load over time and
reduces the exhibited peak strength. On the other hand, the
homogeneous structure of limestone, with fewer gaps,
results in higher axial stiffness (Fig. 2). This behavior
indicated that limestone could resist greater stress without
deforming as much as sandstone, leading to a higher peak
compressive strength. However, this also means that
limestone fails at lower compressive strain, as the material
is less capable of absorbing stress through deformation. As
a result, the SEM analyses effectively illustrated why
limestone, with its more compact and uniform structure,
exhibits higher compressive strength and lower strain,
whereas sandstone's more porous structure results in the
opposite behavior. The presence of microcracks in
limestone samples is less prominent compared to sandstone,
indicating better overall structural integrity. This bond
between the microstructure and the mechanical properties
is crucial in understanding how these materials will perform
in different structural applications.

Fig. 5. Limestone after 2500x magnification.
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Fig. 9. Sandstone after 5000x magnification.

-
=3

w
IR I T W T N AN (TN U N A A

| Spectrum 1
0
Ca
C

Al

Si

Mg

Fe DN

Weight % 60%
—————

cpsfeV

=)

0 5 10 15 keV|

Fig. 10. EDS spectra of limestone.

Table 2. Weight and atomic percentages of the
elements in limestone samples.

Element Weight (%)  Atomic (%)

0 53.06 58.79

Ca 25.35 11.21

C 19.45 28.71

Al 0.87 0.57

Si 0.49 0.31

Mg 0.40 0.29

Fe 0.38 0.12
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Fig. 11. EDS spectra of sandstone.

Table 3. Weight and atomic percentages of the
elements in sandstone samples.

Element Weight (%)  Atomic (%)

6} 58.77 71.88
Si 27.34 19.05
Al 6.07 441
K 3.77 1.89
Na 2.22 1.89
Ca 1.83 0.89

Performing BET (Brunauer-Emmett-Teller) analyses on
limestone and sandstone samples would provide valuable
insights into the surface area and pore structure of the
materials, which could further correlate with SEM
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observations and compressive responses of the samples.
Therefore, enriched by BET analysis, variation in crystal
morphology of the stone samples can be understood more
clearly. Figure 12 shows the variations in BET surface area
and average pore width between limestone and sandstone
samples. As seen in Fig. 12a, specific surface areas for the
limestone and sandstone samples are 9.47 and 5.98 m?/g,
respectively. Based on BET analyses, Fig 12b shows that a
similar trend was observed in the average pore widths such
that limestone and sandstone samples had 79.6 A and 68.9
A of average pore width, respectively. When the BET
surface areas and average pore widths are compared, it was
observed that these values tend to decrease with increasing
porosity, which was observed in SEM analyses in the stone
samples as well (Figs. 4-9, 12). In other words, the particles
having smaller pores also may have a larger specific surface
area and average pore width as stated in the literature [16].
Although these relationships are not well defined due to a
limited number of analyses conducted within the scope of
the present study, a trend may exist that warrants further
investigation.

12

5,98

BET Surface Area (m2/g)

Limestone Sandstone

a)

100

75 68,9

50

25

Average Pore Width (A)

Limestone Sandstone

b)
Fig. 12. Results of BET analyses a) BET surface areas,
b) average pore width.
Conclusions

In the scope of the study, mechanical and microstructural
properties of stone units in the masonry building stock of
Urla peninsula was investigated. In the light of the

experimental results, the following conclusions can be
drawn.

1. Limestone units exhibited a better compressive behavior
in terms of encountered compressive strength, but in a quite
brittle failure mode with respect to sandstone samples. Due
to the lower axial stiffness of the sandstone samples, strain
corresponding to the peak stress is remarkably larger for
these samples with respect to the limestone units. This
behavior led to a more ductile response for the sandstone
samples. The average compressive strengths were 83.1 MPa
and 11.2 MPa for limestone and sandstone samples,
respectively, pointing out the significant difference of the
units under compression.

2. SEM analyses indicated that the microstructure of the
limestone samples was compact and tightly knit compared
to sandstone, whereas the presence of the large pores in
sandstone samples resulted in a more porous
microstructure. This behavior led to a lower compressive
strength for the sandstone samples as well as enabled
sandstone samples to deform more remarkably under
compressive stress, resulting in higher compressive strain
but lower stiffness. Besides, BET analyses showed that
BET surface areas and average pore widths tend to decrease
with increasing porosity.

3. Superior compressive behavior makes limestone more
suitable for load-bearing applications in construction,
especially in historical and monumental structures, whereas
sandstone should be used in construction for decorative
purposes or in areas where load bearing is less critical.
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Giris

Cevirme kanallar1, akisin dogal yoniinii sulama, kat1 atik
yonetimi, tagkin kontrolii, igme suyu temini vb. amaglarla
degistirmek icin insa edilmektedir. Bu yapilarin aliivyal
nehirlerin kiyilarma insa edilmesi durumunda kanala
akim ile birlikte biiyiik miktarda sediment girebilir. Sik
kargilagilan ve arzu edilmeyen bu durum, kanalda
siglagmaya ve varsa mansapta bulunan techizatlarda
arizaya neden olabilmektedir. Ayni zamanda akim
boliinmesi nedeniyle ¢atallanma bolgesinde karmagik ve
ii¢c boyutlu akim yapilar1 olugmakta, g¢evirme kanali
girisinde asag1 yonlii akimlar ve ikincil gevrintiler sonucu
yerel oyulmalar meydana gelebilmektedir. Bu olgu
genellikle laboratuvar ortaminda, akarsuyu temsilen, ana
kanali hareketli tabana sahip, ¢evirme kanali ise hareketli
ya da rijit tabana sahip kanal sistemlerinde deneysel
olarak aragtirilmaktadir.

Ana kanal membasindan gelen (yaklasan) akim, ¢evirme
kanali girisine ulagirken akimin bir kismi boliinerek
gevirme  kanalina dogru  yonelir.  Ana  kanal
dogrultusundaki momentum bileseninden dolay1 béliinen
(¢evrilen) akim, ¢evirme kanali i¢ duvarina hemen temas
edemeyerek kanalin memba kosesinden belirli bir agi ile
ayrilir ve ¢evirme kanali igerisinde bir siire hareket
ettikten sonra i¢ duvarina yeniden baglanir [1]. Bu
ayrilma ve yeniden birlesme noktalar1 arasinda akim
hizlarinin ¢ok diisiikk oldugu ve cesitli cevrintilerin
olustugu bir resirkiilasyon bolgesi olusur. Akimin diisey
hiz profili géz Oniine alindiginda su yiizeyine yakin
bolgedeki hizlar, tabana yakin bolgedeki hizlardan daha
yiiksektir. Dolayisiyla boliinen akimin tabana yakin akim
¢gizgileri ¢gevirme kanalina daha genis bir a¢1 ve yumusak
bir egrilikle girecekken yiizeye yakin akim ¢izgileri ise
daha dar bir ag1 ve keskin bir egrilikle ile girecektir [1],
[2]. Ayni nedenle boéliinen akim tabana yakin kisimda
daha genis olacak ve ylizeye dogru daralacaktir. Boliinen
akimin ana kanal yoniindeki momentum bilesenin yiizeye
yakin bolgede daha biiyiikk olmasi sonucunda ise
resirkiilasyon bdlgesi su ylizeyi civarinda daha genis
olacak, tabana dogru daralacak ve gevrilen akimin su
ylizeyine yakin kismi, resirkiilasyon bolgesi tarafindan
daha c¢ok bloke edilecektir. Tabana yakin akim
cizgilerinin yukarida belirtilen 6zellikleri de géz Oniine
alindigi zaman gevrilen suyun biiyliik kismmnin tabana
yakin bolgeden alindig1 goriilmektedir [1], [2]. Bu durum,
literatirde Bulle Etkisi olarak bilinen, ¢evrilen su
debisiyle orantisiz miktarda biiyiik sediment debisinin
¢evirme kanalina girmesine yol agabilmektedir. Ana
kanal, ¢evirme kanali ve akim béliinmesi sonucu olusan
akim yapilart Sekil 1’de gosterilmistir. Boliinen akim
cizgileri tam olarak ¢evirme kanali mansap kdsesinde (B
noktasi) birlesmemekte, ana kanal mansabi yoniinde
kiigiik bir miktar uzamaktadir [3].

Cevrilen akimin B noktasina bitisik duvarlara (ana kanal
i¢ duvar mansabi1 ve ¢evirme kanal1 dig duvari) ¢arpmasi
ile birlikte duvarlarda meydana gelen asag1 yonlii akimlar
neticesinde biri ana kanal i¢ duvari, digeri ise gevirme
kanali dis duvart boyunca sekonder akimlar
gelismektedir.
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Ana kanal dig duvan

Ama Akim Mansap Akim

Tabana Yakin Alam Cizgisi
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Ana kanal i¢ duvan (membu) Ana kanul i¢ duvan {mansap)

Cevirme kanali iy duvart
Cevirme kanah diy duvan

Sekil 1. Kanal sisteminin temsili

Bu sekonder akimlar [4] tarafindan bagimsiz vorteksler
olarak tanimlanmis, daha sonra [3] tarafindan tipki at nali
vorteksinde oldugu gibi asagi yonli akimlarm kanal
dogrultusundaki akimlarla etkileserek iki kollu bir vorteks
sistemi olusturdugu ve bu sekonder akimlarin aym
vorteks sisteminin birer kolu oldugu ileri siiriilmistiir.
Bu vorteks kollari, bulunduklar1 kanal tabaninda asagi
yonli akim nedeniyle baglayan oyulmayi artirmakla
birlikte ¢evirme kanalindaki vorteks kolu, ayn1 zamanda
ana kanaldan tagman sedimentin akim hizlarmin kiigiik
oldugu resirkiilasyon bdlgesinde depolanmasina ve bu
bolgede siglasmaya neden olmaktadir.

Hareketli tabana sahip agik kanal akimlarinin hidro-
morfodinamik dogasinin detayli olarak incelenerek bu
olumsuz durumlarin engellenmesine ya da en aza
indirilmesine dikkat edilmesi gerekmektedir. Bunun igin
de akim boliinmesi nedeniyle akim yapilarinda ve tabanda
meydana gelebilecek degisiklikler Onceden tahmin
edilebilmelidir. Bu amagla [3] tarafindan gergeklestirilen,
her iki kanalin da hareketli tabana sahip oldugu bir deney
Flow-3D Hydro paket programinda simiile edilmis,
catallanma bdlgesindeki akim yapilari ve taban gelisimi
incelenmis ve tartigilmustir.

Model Ozellikleri

[3]’iin laboratuvar deneylerini gerceklestirdikleri agik
kanal sistemi ayn1 boyutlarda modellenmistir. Ana kanal
9 m uzunlugunda ve B = 0,67 m genigliginde, ana kanala
memba ucundan 3,2 m uzaklikta ve 8 = 90° aciyla bagh
olan ¢evirme kanali ise 2,17 m uzunlugunda ve b = 0,25
m genigligindedir. Test bdlgesi bu dlgiilerle ayni olup,
0,85 mm medyan tane c¢apma sahip iiniform taban
malzemesi ile kaplanmistir. Taban malzemesinin kalmlig1
ana kanal mansap ucunda 0,17 m’dir ve ana kanal
baglangi¢ taban egimi memba esigi ile 0,001 olacak
sekilde, deney diizenegine paralel olarak, modellenmistir.

Her biri ii¢ dogrultuda da esit uzunlukta hiicrelere sahip
olan bes adet mesh blogu tanimlanmigtir. Ana kanalin ilk
2 ve son 5 m’si ile ¢evirme kanalinin son 1,2 m’sinin
hiicre uzunlugu 0,02 m, kalan iki mesh blogunun hiicre
uzunlugu akim ayriminin daha yiiksek dogrulukla simiile
edilebilmesi i¢in 0,01 m olarak belirlenmistir. Tanimlanan
mesh ag1 toplamda 657120 hiicreye karsilik gelmektedir.
Ana kanal memba smir sartlarinda baslangic akim
derinligi 0,08 m’ye tekabiil eden sabit su seviyesi
belirlenmis, su ve sediment (besleme) debileri deneyle
aym olacak sekilde sirastyla 0,029 m%/s ve 12 kg/sa sabit
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olarak tanimlanmistir. Ana kanal mansabindaki su
derinligi 0,07 m olarak sabitlenmistir. Mesh bloklarmin
ortak yiizeyleri yazilim tarafindan otomatik olarak
belirlenmektedir, diger smurlar ise duvar olarak
tanimlanmistir. Bu durumda ¢evirme kanalindaki ¢ikis
debisinin saglanmasi i¢in bu kanalin mansabinda bir adet
“kiitle momentum kaynag1” tanimlanmig ve 2,2 L/s
debideki akim bu kaynaktan cekilerek sistemden
¢ikarilmistir. Cevirme kanalinda batik akimin mevcut
oldugu deneysel kosullarda da ayni miktardaki debi
pompa ile ¢ekildiginden segilen yontemin deneysel
karsiligina gore uygun oldugu goriilmektedir. Baslangig
sartlarma 0,07 m derinliginde ve 0,45 m/s ortalama hiza
sahip bir akim tanimlanarak baglangi¢ akiminin tabanda
yaratacagi etkiler en aza indirilmistir. Modelin genel
goriintiisti Sekil 2’de koordinat sistemi ile birlikte
verilmigtir. Sekilde mesh bloklar1 numaralandirilarak MB
ile ifade edilmistir, A noktas1 (x,y) = (0,0) koordinatini
ifade etmekle birlikte z = 0 koordinati sediment

tabakasinin en alt seviyesine denk gelmekte ve yukari
yonde artmaktadir.

Ana kanal

n R
Qm =29 L/s % ('._\1
E [l
= Il
P s :

Sekil 2. Modelin genel goriintiisii
Kullanilan Denklemler
Akim Denklemleri

Flow-3D Hydro yazilim1 VOF (Akiskan Hacmi)
yontemini kullanir ve ti¢ boyutlu siireklilik (Denklem 1)
ve Navier-Stokes (Denklem 2) denklemlerini ayni anda
¢ozer. Akim ayrimi bolgesindeki ii¢ boyutlu akim
yapilarinin karmagikligi oyulmanm zamana bagimlilig:
gbz Oniine alindiginda, LES tiirbiilans modelinin
kullanilmasi uygun goriildii. Cok sayida ¢alisma [5]-[7]
LES tiirbiilans modelinin, simiilasyon siiresi pahasina k-
o, k-¢ veya RNG gibi RANS modellerinden daha hassas
bir sekilde akisin kararsizlik ve {i¢ boyutlu 6zelliklerini
temsil ettigini 6ne siirmektedir.

a
a_xiuiAi (1)
6ui+1 Aaui _ 16P+G+ 2

Burada ui, i yoniindeki hizi; Aj, i yoniindeki kismi alani;
VT, akima ag¢ik kismi hacmi; ps, suyun yogunlugunu; P,
basimc1; Gi, cisim ivmelerini, fi, viskoz ivmeleri temsil
eder.

LES modeli, hesaplanmayacak kadar kiigiik olan
tirbiilansin etkilerini temsil etmesi i¢in Denklem (3) ile
hesaplanan mesh agmm uzunluk o6lgegine (L) ihtiyag
duyar [8]:
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1/3

L = (8,6,6,) 3)
Burada dx, 9y, ve 0, X, y ve z yonlerindeki hiicre
boyutudur. Bu durumda LES tiirbiilans modelindeki
kinematik tiirbiilans viskozitesi (vr) Denklem (4) ile

hesaplanir:
=c.2 [2e;:e;;
Ur = Cg el] el]

olarak tanimlanir. Smagorinsky katsayisi, cs, varsayilan
olarak 0,1 alinmistir. ejj kayma gerinimi hiz tensorii
Denklem (5)’ten bulunur:

1oy 4 ou;
G = 2 aX] axi

Son olarak momentum denklemlerinde kullanilmak {izere
vt dinamik viskozite (1) denklemine (Denklem 6) dahil
edilir:

(4)

(5)

u=pr(v+vr) (6)
Burada v, akiskanin kinematik viskozitesidir.
Sediment Tasimmi Denklemleri
Flow-3D Hydro’nun sediment tasmumi modiili,

kohezyonsuz sedimentinin toplam yiikiini: i) askidaki
yiikii, ii) stirliklenen yiikii (tanelerin yilikselmesi ve
¢okelmesi) ve iii) taban yiikiinii (tanelerin yuvarlanmasi,
sigramasi, kaymast) ayri ayr1 hesaplayarak simiile eder.

Kaldirma hizi, taban malzemesinin askidaki yiike
doniisecek miktarini belirlemek i¢in () [9] Denklem (7)
ile hesaplanir:

llglld(p — py)
Py

(7)

w; = angd>3 (6 — 6,)15

Burada o, 0,018 olarak tavsiye edilen siiriiklenme
parametresi [9]; ns, tabanin disina dogru yonelen normal
vektor; 0, yerel Shields parametresi; 0., tabanda sediment
hareketinin baslamasi i¢in kritik Shield degeri; ||g|
yercekimsel ivmenin biiyiikliigii; d, tane medyan gapidir.
d= boyutsuz tane ¢ap1 ise Denklem (8)’den hesaplandiktan
sonra:

1/3
d*zd[pf(p ;Z)f)llgll] ®)
U
taban kayma gerilmesi (1) ile birlikte yerel Shields
parametresinin ~ hesaplanmasinda ~ (Denklem  9)
kullanilmaktadir:
0 T
AT TN 9
lghd(p—py) ©)

Kritik Shields degeri ise Shields diyagramindan 6. =
0,032 olarak bulunmustur. Siiriikklenen yiikiinii elde
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etmede kullanilan ¢okelme hizi [10]’un denkleminden
(Denklem 10) hesaplanmaktadir:

1%

= ﬁd [(10,36% + 1,049.d3)%5 — 10,36]

ws (10)

Son olarak toplam hacimsel sediment yiikiiniin (qs)
hesaplanmasi i¢in [11]’in 6nerdigi denklem (Denklem 11)
kullantlmgtir:

0,5
p—p
qs = 8(6 — Bcr)l's [”g” <—f> d3]
Ps

(11

Bulgular ve Tartisma

Testin ilk saniyelerinden itibaren sediment tasimnimi
sonucu ana kanal taban seviyesinde azalma meydana
gelmis ve ana kanal boyunca mansaba dogru hareket eden
kumul olusumlar1  gdzlenmistir. Ozellikle mesh
¢Oziinilirligiiniin daha yiiksek oldugu MB2 bélgesinde
(Sekil 2) belirginlesen (Sekil 3) kumullarin ortalama
yiiksekligi 2 cm, ortalama uzunlugu 1,5 m olarak
kaydedilmistir. Kumulun seklinden goriilecegi iizere ana
kanal i¢ duvar tarafindan kismi ¢evirme ¢ekilmistir ve orta
kism1 da bu dogrultuda bir egimle ana kanalda harekete
devam etmistir. Cevirme kanalina ¢ekilen sedimentin
biiyiik ¢ogunlugu bu kumul gegisleri sirasinda meydana
gelmektedir [12]. Cevirme kanalinin memba kosesinde
bitisen iki duvarin tabanlarinda baslangi¢ taban seviyesine
gbre Az = -10 cm’e kadar derinlesen oyulma hendekleri
goriilebilmektedir. Oyulma hendeklerinin en biiyiik
derinlikleri yaklagik ayni olmakla birlikte ana kanaldaki
hendek ¢ok daha uzundur ve mansaba dogru genisligi
artmaktadir. Cevirme kanalinin her iki duvart boyunca
sediment yiikiinden dolay1 taban seviyesinde bir
ylikselme goriilmektedir. Bu yiikselmenin bir sebebi, su
debisi ile orantisiz miktarda ¢ekilen sediment debisi, diger
sebebi de ¢evirme kanalindaki akimin sahip oldugu
kayma hizinin sediment hareketi icin yeterince biiyiik
olmamasidir. Bulgular 6nceki ¢alismalar [3],[4] ile
uyumlu olup, ¢evrilen akimin kayma hiz1 yeterli seviyeye
gelene  kadar  taban  seviyesinin  yiikselmesi
beklenmektedir. Orijinal deneyde tabanin denge
durumuna ulagmasi yaklasik 18 saat siirmiis, denge
durumuna ulasildiktan sonra zamana bagl (kararsiz)
degisimlerin yorumlanabilmesi i¢in ise deney 6 saat daha
devam ettirilmistir. Mevcut modelin 24 saatlik bir
simiilasyonu 360 giinde tamamlayacagi dngoriildiigiinden
taban sekilleri ve akim yapilar1 yorumlanabilecek 6lgiide
gelistikten sonra simiilasyon sonlandirilmistir. Calisma
kapsaminda nihai oyulmalar ve sediment debileri
arastirilmadigi i¢in taban denge durumuna ulagmadan

simiilasyonun sonlandirilmasinin  mevcut bulgu ve
tartigmalara  onemli  Ol¢lide  etki  etmeyecegi
diistiniilmektedir.
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Sekil 3. Test sonunda ¢atallanma bdlgesinin taban
morfolojisi

Taban yakin akim ¢izgileri Sekil 4’te verilmistir. Sekilde
goriilecegi iizere tabana yakin akimin ana kanal dis
duvarindan itibaren 0,17B  genigligindeki  kismu,
goriilebilir bir sapma yapmadan ayni dogrultuda devam
etmigtir. Tabana yakin akimin ana kanal i¢ duvarindan
yine 0,23B genisligindeki kismi ise ¢evirme kanalina
sapmistir. Ana kanalin orta bolgesindeki kalan 0,6B
genisligindeki akim ise ana kanal dogrultusundan ¢evirme
kanalina dogru sapmis, fakat ¢cevirme kanalina girmeden
ana kanalda devam etmistir. Yiizeye yakin akim analiz
edildiginde akim ¢izgilerinin ana kanal i¢ duvarina ¢ok
yakin (=0,1B) kismi c¢evirme kanalina girdigi ve
resirkiilasyon bolgesine girmeden ¢evirme kanali dig
duvari boyunca devam ettigi goriilmiistiir. Bu durumda
tabana yakin ayrilan akim smirinin SU yiizeyine yakin
ayrilan akim siniria gore ana kanal i¢ duvarindan 2,3 kat
daha uzaktadir. [1] tarafindan piiriizlii cidarlar igin bu oran
yaklagik 2,2 olarak bulunmustur ve elde edilen bulgularla
uyumludur.

Cevrilen akimin mansapta kontrol ediliyor olmasi
nedeniyle bu kanalda batik akim durumu mevcuttur ve
dolayisiyla her iki kanalin su yiizeyi seviyelerinde 6nemli
Olgide bir degisim gozlenmemistir. Yalnizca g¢evirme
kanali mansap kosesi etrafinda ayrilan akimin duvara
carpmast nedeniyle d/4 = 2 cm yiiksekliginde yerel bir
kabarma goriilmiistiir.
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Sekil 4. Tabana yakin bdlgedeki akim ¢izgileri

Cevirme kanali girisi mansap kosesinden ana kanal
mansabina dogru 0,2b uzaklikta (x = 3,5 m) bir enkesit
alinarak bu enkesitteki hiz bilesenleri Sekil 5’te
incelenmistir. Bu enkesit ayn1 zamanda ana kanaldaki
oyulma hendegini de igermektedir. Akimm ana kanal
dogrultusundaki hiz bileseni, u, beklenilecegi {iizere
tabana dogru azalmakla birlikte akimin ¢evirme kanalina
dogru sapmis olmasindan ve enkesit genislemesinden
dolay1 ana kanal dis duvarinda i¢ duvarina oranla daha
kigiiktiir. Benzer gekilde [12] de akim hizinin ana kanal
i¢ duvari bolgesinde yiiksek oldugunu gézlemlemistir.
Oyulma hendeginin en derin noktasinda ise u bileseninin
negatif bolgeye gectigi goriilmektedir. Akimin ana kanal
i¢ duvarina dogru saptigi, hizin yatay dogrultudaki v
bileseninden goriilebilir. Ana kanal dis duvar1 boyunca
bu bilesen c¢ok kiiglikken i¢ duvara dogru artmakta ve
duvar ile temas ettigi noktada tamamen asag1 yonlii akim
olusmaktadir. Asag1 yonlii akim bu bdlgedeki oyulmanin
baslica sebebi olmakla birlikte ana akim ile birlesmesi
neticesinde olusan vorteks (Sekilde kaba hatlar1 ile
gosterilmistir), oyulma hendeginin boyutlarini1 daha gok
biiylitmektedir. Bu vorteks, giris kisminda bahsedilen iki
kollu vorteks sisteminin ana kanaldaki koludur.

Kanal taban1

0.‘4 ¥ (m) 0!3 0.‘2
Sekil 5. x = 3,5 m’de ana kanal enkesiti ve hiz

bilesenleri

Cevirme kanali girisinden ¢evirme kanali mansabina
dogru 0,2b uzaklikta (y = -0,05 m) bir enkesit alinarak bu
enkesitteki hiz bilesenleri Sekil 6’da incelenmistir.
Akimin hiz bileseni v’nin en yiiksek degerleri ¢cevirme
kanali dig duvar1 boyunca, daralma bdlgesinde
kaydedilmistir. Cevirme kanali i¢ duvarina dogru bu
deger azalarak sifira ulasmakta ve resirkiilasyon bolgesi
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icinde v bileseni yon degistirmektedir. Resirkiilasyon
bolgesinin tabana dogru daralan kesiti de sekilde
goriilebilir. Cevirme kanali dis duvar civarinda akimin
diisey yondeki hiz bilesenine (w) gore kuvvetli bir asag1
yonlii akim mevcuttur. Asagi yonlii akim ile g¢evrilen
akimin birlesimi, vorteks sisteminin ¢evirme kanalindaki
kolunu olusturmaktadir. Asagi yonli akimin baslattigi
oyulmay1 biiyiiten bu vorteks, hem bu boélgeden oyulan
hem de ana kanaldan g¢ekilen sedimenti resirkiilasyon
bolgesi icine tagimaktadir.

r0.25

Kanal tabam 1 0’15
vim/s) =0,1m/s
03 02 01 0 01 02
e
3,45 3,40 3,35 x (m) 3,30 325 3,20

Sekil 7.y =-0,05 m’de gevirme kanali enkesiti ve hiz
bilesenleri

Sekil 7’de resirkiilasyon bdlgesinin su yiizeyine yakin
kismindaki hiz bilesenlerine 6rnek olarak 0,24 cm su
seviyesinde alinan kesit sunulmustur. Akimin u ve v hiz
bilesenlerine dikkat edildiginde ¢evrilen akimin ¢evirme
kanali memba kosesinden ayrilmasi, gevirme kanali i¢
duvarinda yeniden birlesmesi ve bu arada kalan
resirkiilasyon bolgesi goriilebilir. Daha o6nce de
belirtildigi tizere en yiiksek hizlar gevirme kanali dis
duvart civarinda kaydedilmis, mansaba dogru enkesit
geniglemesi nedeniyle ¢evirme kanali i¢ duvarina dogru
gorece bir artis ve sapma meydana gelmistir.

3.2 33 34 x(m) 35
! 3 H H
T T T T

0.0

-0,14

¥{(m)

02mis &— w (m/s)

031

044

054

Sekil 7. z= 0,24 m’de ¢evirme kanali kesiti ve hiz
bilesenleri

r 0,20

z (m)

- 0,10
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Sonuclar

Hareketli tabana sahip 90°’lik bir ¢evirme kanalinda
kararli akim sartlarinda Flow-3D Hydro paket programi
ile niimerik bir c¢alisma gergeklestirilmistir. Cevirme
kanalinin mansap kosesine bagli her iki duvar boyunca
derin oyulma hendekleri olusmustur. Ana kanal oyuma
hendegi i¢inden ¢ikan malzeme bu hendegin mansabina,
¢evirme kanali oyulma hendeginden ¢ikan malzeme ise
bu hendegin mansabi ile birlikte ¢evirme kanali i¢
duvarina  yakin  bolgeye  tagmmustir.  Oyulma
hendeklerinin olustugu bdlgelerde asag1 yonli akimlar ve
bu akimlarin sonucu olarak oyulma hendekleri iginde
gelisen vorteks sistemleri tespit edilmistir. Literatiir ile
uyumlu olarak akimin daha biiyiik bir béliimiiniin tabana
yakin bolgeden ¢evirme kanalina girdigi gozlenmis,
tabana yakin ayrilan akim sinirinin su yiizeyine yakin
ayrilan akim sinirina gore i¢ duvardan 2,3 kat daha uzakta
oldugu tespit edilmistir. Cevirme kanalinda batik akim
olmast nedeniyle su yiizii seviyelerinde Onemli bir
degisim gozlenmemis, yalnizca ¢evirme kanali mansap
kosesinde ¢arpma etkisi nedeniyle d/4 = 2 cm
yiiksekliginde bir kabarma ger¢eklesmistir.
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In this study, Hydrologic Engineering Center River Analysis System (HEC-RAS), Storm Water
Management Model (SWMM) and Turkish Highway Design Handbook (THDH) approaches were
examined in highway culvert design and the methods were compared on a sample highway culvert to show
the differences in design calculations. A box type culvert, made of reinforced concrete and with dimensions
of 3 meters in width and 2 meters in height, will be constructed at the intersection of the Kocagay stream
and the Nevsehir Avanos D302 highway at KM:800m. The culvert is designed to carry the 10-year and
100-year design flow rates calculated using the Rational method. The design flow conditions, and water
levels of the culvert is originally designed according to THDH. The culvert along with the flow route up
to a certain distance, upstream and downstream is modelled by using HEC-RAS and SWMM. The water
levels obtained from the models were compared with the THDH design results. The hydraulic design of
the culvert is conducted under inlet control conditions in all methods, however, with the discrepancies in
the calculated headwater and tailwater depths. The nomogram method suggested in the THDH provides a
practical means for determining headwater depth, tailwater depth and culvert dimensions. However, it
does not adequately address the channel sections upstream and downstream of the culvert and the relevant
flow conditions. To evaluate the environmental effects of the design flow rates of culverts, especially those
located near residential areas, it is recommended to use HEC-RAS and similar GIS-supported modeling

tools in hydraulic calculations.
* Corresponding author

Introduction

Culverts are tunnel-like structures that have been built since
ancient times to cross roads and waterways and provide
transportation over streams. Culvert structures, which are
typically buried to be surrounded by soil, may consist of a
pipe, or be made of reinforced concrete or another material.
A culvert may cause an increase in upstream water surface
elevations due to its restrictive cross-section forcing the
upstream flood levels to be several meters higher than they
would be without the culvert and the embankment [1].

The hydraulic design of culverts on highways is carried out
with equations and nomograms obtained depending on the
type of culvert and the upstream and downstream conditions
created by the flow. The equations and nomograms are
based on experimental data to estimate the flow
characteristics of culverts. These equations and
nomograms, such as those developed by Barr, Hydrologic
Engineering Center (HEC), and Federal Highway
Administration (FHWA), provided standardized methods
for estimating flow capacity based on culvert size, shape,
and other parameters. Hydraulic Design of Highway
Culverts introduced by the Federal Highway
Administration aims to provide information for the
planning and hydraulic design of culverts. [2]. The FHWA

has devised a methodical process for culvert analysis, which
relies on different flow types as categorized by the U.S.
Geological Survey. These flow types are determined by
factors such as inlet and outlet submergence, flow regime
within the culvert, and downstream brink depth [3]. The
hydraulic design of culverts in Turkey is carried out
according to the Turkish Highway Design Handbook
(THDH) published by the General Directorate of Highways

[4].

The HEC-RAS program operates on the principles of Saint-
Venant hydraulic equations, which facilitate the estimation
of floodplain dimensions, determination of water surface
elevations, and distribution of flood velocities. The
utilization of mathematical models is crucial and valuable
in such hydrological simulations [5]. It can be inferred that
HEC-RAS demonstrates a high degree of accuracy in
forecasting water levels and areas impacted by flooding
during extreme hydrological events, even when input data
are relatively limited [6].

When it comes to creating safety and control during
extreme flooding situations, HEC-RAS is a helpful tool [7].
Hydrodynamic models can be classified as one-dimensional
(1D), two-dimensional (2D) and three-dimensional (3D)
models according to the size of the physical phenomenon.
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In many applications of river flow modeling, a one-
dimensional hydrodynamic modeling system is used. The
Hydrological Engineering Center-River Analysis System
(HEC-RAS) is a well-known model that simulates 1D and
2D unsteady flow in open channels and floodplains [8]. In
2016, Maharjan and Shakya [9] conducted one-dimensional
and two-dimensional surface flow analyses in Nepal using
HEC-RAS and other software. Wang performed a water
surface profile analysis on an existing project using the
HEC-RAS model in his study [10]. Model performance
evaluation was conducted using observed data collected
from five nested measurement sites in a mixed land-use
watershed of the central United States by Zeiger J.S. et al.
[11]. In their study, the authors used an integrated modeling
approach to combine the Soil and Water Assessment Tool
(SWAT version 2012) with the Hydrological Engineering
Center's River Analysis System (HEC-RAS version 5.0.7).

Thalakkottukara et al. [12] mapped the flood inundation in
Huron Creek watershed, Michigan, USA for an extreme
rainfall event in 2018 (Father’s Day Flood) using the Height
Above Nearest Drainage (HAND) model and a synthetic
rating curve developed from the Laser Imaging Detection
and Ranging Digital Elevation Model (LIDAR DEM). The
flood was evaluated as 1000-year return period flood and its
inundation characteristics predicted by two hydrodynamic
models, viz., HEC-RAS and Sedimentation and River
Hydraulics 2 Dimensional Model (SMSSRH 2D).

The Storm Water Management Model (SWMM), on the
other hand is used for planning, analysis, and design
regarding storm water runoff, combined and sanitary
sewers, and other drainage systems. SWMM calculates
water profiles of unsteady flows of open and/or closed free-
surface channel systems using dynamic flow routing [13].

Culverts are often engineered to accommodate a designated
discharge without causing an excessively high depth of
water upstream. Therefore, for an engineer to effectively
design a culvert, they must be able to accurately forecast the
depth of water upstream for the designated discharge. To
achieve this, the design discharge and flow conditions are
calculated through hydrologic and hydraulic analysis in the
water collection area of the flow reaching the culvert. Since
the 1980, computer programs and hydrodynamic models
have begun to be used in culvert design, especially to obtain
water surface profiles. The use of geographical information
systems (GIS) has greatly simplified the development of
input data necessary for most hydrologic and hydraulic
calculations for the design of culverts. In this study, the
methods were applied to an example of a highway culvert
calculation in order to compare the HEC-RAS, SWMM,
and THDH approaches in highway culvert design.

Materials and Methods
Study Area

The study area is located on a branch of the Kocacay stream,
which is in the Kizilirmak basin in the Central Anatolia
region and passes through the city center of Nevsehir
province, Cappadocia, Tiirkiye. (Fig. 1). Nevsehir, located
in Central Anatolia, lies between approximately 38-39°

north latitude and 34-35° east longitude. Geographically, it
is situated almost in the center of Turkey. The area of the
city is 5,467 km? Brown soils, a common soil type in
Central Anatolia, cover a wide range in Nevsehir. The
Erciyes volcanic region is also positioned near the borders
of this area. Nevsehir, located at the heart of Cappadocia,
where nature, history, and culture come together, welcomes
around 4 million tourists from all over the world annually
[14].

Google Earth

Figure 1. Study area [15]

The Kocacay stream originates from a basin spanning 3688
ha area near the center of Nevsehir city. It flows during
rainy seasons and remains dry during dry seasons. After
passing through an open reinforced concrete channel and
two culverts along Nevsehir city center, Kocacay stream
merges with Karaagac stream near Nar district and reaches
Kizilirmak river. General Directorate of Highways of the
Republic of Turkiye is planning to build a reinforced
concrete culvert with dimensions of 3m (horizontal) x 2m
(vertical) at the point where the Kocacay stream intersects
the Nevsehir - Avanos D302 highway at 800m (Fig. 2).

Nar District
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Figure 2. Kocacay stream and location of RC culvert

The sections upstream of the culvert are natural land
sections. Downstream of the outlet of the culvert, the city
municipality constructed an open channel with a trapezoidal
cross-section, characterized by a concrete slab base with 2m
width and side slopes covered with concrete grass stones

(Fig. 3).
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Figure 3. Culvert inlet (a), outlet (b) and open channel
downstream of the culvert (c, d)

The elevation map of the study area was created using
digital elevation maps (DEM) with globally 12.5m high
resolution ALOS PALSAR (Advanced Land Observing
Satellite Phased Array L-band Synthetic Aperture Radar)
remote sensing tool, compiled by the Alaska Satellite
Facility (ASF), using satellite radar interferometry within
the scope of the Radiometric Terrain Correction Project
[16]. According to the elevation map prepared by using
QGIS 3.28.3 [17] geographic information system (GIS)
software, the Kocagay stream basin have a surface area of
3688ha. The hill formations are generally seen in the
southern and eastern parts of the basin, where the drainage
area of the culvert is located. (Fig. 4). Although the
catchment of the culvert has a small surface area, the
location of the culvert is sensitive to flood risks due to its
proximity to Nevsehir central residential areas.

Figure 4. Elevation map of Kocacay stream basin

The lowest altitude is 1124m, the highest altitude is 1522m
in the Kocacay basin, and the average altitude of the basin
is 1314m. Surface runoff within the catchment area is

channeled through densely packed hill formations to the
lower regions in the north. The flow rate transmitted by the
reinforced concrete culvert facing north consists of surface
flow accumulated in a 278ha drainage area.

The culvert's drainage area is narrower downstream but
widens significantly upstream. In such a configuration, the
flood flow rate is higher compared to the reverse scenario,
contrarily the time taken to reach the peak and sustain the
flood is shorter [18].

In the culvert drainage area, which is mostly covered with a
low permeable soil surface and small trees such as shrubs
and fruit trees, the lowest altitude is 1207m, the highest
altitude is 1634m and the average altitude is 1397m. In the
Kocacay basin, the minimum slope was determined as 0%,
the maximum slope was 38.00% and the average slope was
6.65%. In the drainage area of the culvert, the minimum
slope was calculated as 0.61%, the maximum slope was
61.92% and the average slope was 20.63%. While a general
slope of 0-10° is observed in the basin, when the reinforced
concrete culvert and its surroundings are examined, it is
seen that the slope values increase and are predominantly in
the range of 20-30°.

Calculation of Design Flow Rate with Rational Method

When designing culverts, the initial step involves
delineating the boundaries of the basin area and estimating
the precipitation within these regions. The flow of
floodwater triggered by precipitation can be computed
using a selected method based on the basin area (drainage
area). Typically, the Rational Method is suitable for rainfall
basins up to 15 km2, while the synthetic unit hydrograph
method is preferred for larger areas [18].

In both approaches, the 10-year, 100-year, and 500-year
flood recurrence flows can be calculated based on
meteorological data. The flow rates originating from the
drainage area of the culvert for both the 10-year and 100-
year recurrence intervals were determined using the
Rational Method.

The maximum flow to the culvert is calculated using
parameters such as the runoff coefficient (C, %), which
shows the ratio of flow to precipitation, precipitation
intensity according to recurrence years (i, mm/hour) and
runoff area (A, km?). According to the Rational Method,
the flood flow rate (Q) that may occur as a result of the
precipitation intensity (i) is calculated with the Eq.1
assuming that precipitation falls homogenously in every
region of the basin [18], [19], [20]:

CiA
Qmax= 3_67‘ 1

The runoff coefficient (C) in Eg.1 varies depending on
factors such as the topographic condition of the basin, the
type of ground near the surface, and the density of
vegetation [21]. While C takes values between 0.70-0.95 on
impermeable surfaces, it takes values between 0.25-0.35 in
gardens with heavy soil where the slope is higher than 7%
[22]. The hydrological parameters of the drainage area of
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the culvert and the maximum flow rate calculated using the
Rational Method are shown in Table 1.

Table 1. Hydrological parameters of culvert drainage area and design flow rate

Design Design
. Flow discharge for discharge for
('E:ﬁ% Msettaet?g(r)]k/)?\llgal (mlrﬁ)/h) (mlrlr(;(}h) Coefficient 10year return 100year return
C period period Q100
Q10 (M) (m3/s)
2.780 Nevsehir/17193 27.00 41.00 0.60 1251 19.00

The time of concentration (T¢) is the time that it takes for
runoff to travel from the most remote upstream point in the
drainage area to the downstream point and comprises two
components: (1) the time taken for precipitation to travel
from the catchment basin surfaces to the channel entrance
at the top (to, in minutes), and (2) the time required for water
within the channel to reach the outlet point at the bottom
(Zti, in minutes). It is defined by the Eg. 2, 3 and 4 as
outlined by Sen [20]:

TC=t0+Eti (2)
370.385
to=60 [0,87 %] ©))
d;
ti= 600, 4

In Eg. 2, 3 and 4, d(km) is the longest distance that runoff
water will travel until it enters the channel, dn(m) is the
altitude difference between the beginning and end of the
flow path, di(m) is the drainage length, vi(m/s) is the design
velocity within the drainage area. When determining the
time required to reach the outlet point at the downstream, it
is necessary to calculate the total number of distinct
channels within the drainage area based on the specific
design velocity for each channel [20].

The topographic parameters of the runoff area are shown in
Fig.5. The L4, L, distances, Hi, Hz, Hs elevations, average
slope of each distinct channel, design flow velocity of the
runoff and the collection time calculated according to the
Rational Method are listed in Table 2.
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Figure 5. Topographic parameters of the Rational Method

Table 2 Topographical parameters of the drainage area and time of concentration

Total
Elevation Distance S| Flow velocity Concentration time concentration
ope . .
(m) (m) (m/s) (min.) time
(min.)
H1 ‘ Hz ‘ H3 L1 ‘ L2 Jl Jz V1 ’ V2 to ‘ 11 Tc
1570 1480 1210 209 3375 0.431 0.080 0.300 0.219 11.61 26.86 38

Application of the THDH Approach in Determining
Culvert Dimensions

The culvert was originally designed according to the THDH
[4]. To determine the culvert design dimensions, the culvert
operating condition must be selected. Similar to Federal
Highway Administration’s Hydraulic Design of Highway

Culverts two operating conditions are defined for culvert
design [23]. These are:

. Inlet control: The culvert barrel is capable of
conveying more flow than the inlet will accept.

+  Outlet control: The culvert barrel is not capable of
conveying as much flow as the inlet opening will accept.
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The studied culvert was considered to be operated in inlet
control conditions, and two types of operating conditions
for inlet control are given in Fig. 6, namely unsubmerged
and submerged inlet [4].

Type-1I

Figure 6. Operating conditions for inlet control (Type |
and Type I1) [4]

According to THDH [4], in Type | inlet control culverts,
since the inlet water height (Hw) is less or equal to 1.2 times
culvert height (a), no surge is to be considered at the inlet.
This type of flow condition occurs when the natural stream
bed is relatively low-sloping and wide and are the culvert
dimensions are chosen to adequately accommodate the
design flow. Critical velocity condition occurs at the outlet
section of the Type | culvert. In Type Il inlet control
culverts, since the inlet water height (Hy) is greater than 1.2
times culvert height (a), the culvert is operating in
submerged inlet condition. In both types of inlet-controlled
culverts, the amount of surge at the inlet is calculated
according to the Surge Determination Nomogram for inlet
control culverts in the THDH [4].

Culvert dimensions are verified with the help of nomograms
based on the culvert width (b). By using the design
discharge (Q1o, Q100), culvert slope (Sm) and critical slope
(S) as variables in the nomograms, normal depth (Dy) and
normal velocity (Vn) as well as critical depth (Dx) and
critical velocity (Vi) are calculated. Manning's equation is
used to verify the flow rate in selected culvert dimensions:

1
Q — H AR2/3 Sl/Z (5)

where n is the Manning roughness coefficient, flow rate
(Q), cross-sectional area (A), hydraulic radius (R), and
slope (S). Critical velocity inside culvert is calculated by
using Eq. 6:

2

/9 ©)

3

Dk =

oo

The entry loss coefficient in reinforced concrete box
culverts is determined from a table in THDH [4], according
to the geometry of the culvert head wall and side walls.

Governing Equations of HEC-RAS and SWMM

HEC-RAS (Hydrologic Engineering Center's River
Analysis System) and SWMM (Storm Water Management

Model) are both widely used in hydraulic modeling,
particularly in the field of water resources engineering.
While they share some similarities in their purpose of
simulating and analyzing hydraulic systems, they have
different primary focuses and functionalities.

HEC-RAS is primarily designed for river hydraulics and is
widely used for modeling steady and unsteady flow in
rivers, channels, and floodplains. It's often used for tasks
such as floodplain mapping, bridge and culvert design, and
flood risk assessment. The HEC-RAS system encompasses
four distinct one-dimensional river analysis components:
(1) steady flow water surface profile computations; (2)
unsteady flow simulation (one-dimensional and two-
dimensional hydrodynamics); (3) Quasi unsteady or fully
unsteady flow movable boundary sediment transport
computations (1D and 2D); and (4) analysis of water quality
[8].

On the other hand, SWMM is specifically designed for
urban drainage systems, including stormwater runoff,
sanitary sewers, and green infrastructure. It is used to
simulate the quantity and quality of runoff within urban
areas, helping with stormwater management, flood control,
and pollution prevention [13]. The model idealizes the
channel/conduit system to links connected to nodes or
junctions, which transmit flow from node to node [24].

HEC-RAS and SWMM model uses the conservation of
mass and momentum namely Saint-Venant equations.
HEC-RAS model either uses one-dimensional (1D)
unsteady flow routing (full Saint VVenant equations), two-
dimensional (2D) unsteady flow routing (Full Saint VVenant
equations or Diffusion wave equations); or level pool
routing. SWMM uses gradually varied, one-dimensional
unsteady flow equations to model unsteady flow ([24];
[25]). St Venan equations for gradually varied one-
dimensional unsteady flow are shown in Eq. 7-8:

oA 0Q
oA R _ 7
ot 0x 0 Y
2
8—Q+8<%)+ A As—0 8)
ot ox ok B

where, Q = AV, V: average velocity, A: cross-sectional
area, t: time, x: length of the channel or conduit, Q: flow
rate, g: gravitational acceleration, H: hydraulic head, St
friction slope. The bottom slope is incorporated into
gradient of H.

HECRAS and SWMM uses the Manning equation (Eg.1) to
model steady uniform flow, expressing the relationship
between flow rate, cross-sectional area, hydraulic radius,
and slope.

HEC-RAS uses implicit finite differences and solve one-
dimensional equations of motion numerically using the
Newton-Raphson iteration technique [25]. SWMM v.5 uses
an implicit backwards Euler method to provide stability,
whereas previous versions are based on explicit twostep
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Modified Euler method to calculate the continuity and
momentum equations [24].

HECRAS can handle a full network of channels, a dendritic
system, or a single river reach by modeling subcritical,
supercritical, and mixed flow regime water surface profiles,
considering the effects of various obstructions such as
bridges, culverts, dams, weirs, and other structures in the
flood plain [8].

The roughness within an irregular, natural channel section
is changes according to the type and size of materials that
compose the bed and banks of a channel and the shape of
the channel. HEC-RAS determines the value of Manning’s
n of a channel by using Cowan’s (1956) procedure [26]:

n=my+n,+n,+nz;+n,)m 9)

Where, no is base value for a straight, uniform channel, n;
is the additive value to account for the effect of cross-
section irregularity, n; is the additive value to account for
the variations in size and shape of the channel, ns is the
additive value to account for the effect of obstructions, ns is
the additive value to account for the type and density of
vegetation and m is the adjustment factor for the degree of
channel meandering; determined by the ratio of channel
meander length (L) to valley or straight channel length

(Ls).

For determination of Manning coefficient for an
irregular open channel, both model uses equivalent
roughness coefficient nc [27] as shown in Equation 10
[24], [25]. (10)

Z?’=1(Pini1'5) 23
ne = ﬁ

where nc is the composite coefficient of roughness, ni
Manning roughness for subdivision i, P is the wetted
perimeter of the channel and P; is the wetted perimeter of
subdivision i.

Culvert Hydraulics in HEC-RAS and SWMM

HEC-RAS is equipped to model nine widely utilized
culvert geometries, including circular, rectangular, arch,
pipe arch, low profile arch, high profile arch, elliptical,
semi-circular, and Con/Span shapes. These culverts can be
configured individually, in groups, or in combination with
weirs, gates, rating curves, and time series outlets.
Additionally, culverts can be assigned to specific station
points along a river reach as defined within HEC-RAS or
can be georeferenced [8].

The head losses due to the contraction and expansion of
flows upstream and downstream of a culvert are calculated
by user-defined loss coefficients. Typical lateral cross
section of a culvert is shown in Fig 7 [25].

Section
(3 (2
Entrance Exit

| Roglon | Culvert Barrel Length

Figure 7. Typical lateral cross section of a culvert [25]

Headwater (HW in Figure 6) is the depth from the culvert
inlet invert to the energy grade line, in Section (3), where
Tailwater (TW in Figure 6) is the depth on Section (2).
Upstream water surface (WSU in Figure 6) is the water
depth at the entrance of the culvert. The flow type through
a culvert can be defined as “inlet control” or “outlet
control”. Inlet control culvert flow occurs when the flow
capacity of the culvert entrance is less than the flow
capacity of the culvert barrel, contrarily outlet control flow
occurs when the culvert flow capacity is limited by
downstream conditions (high tailwater) or by the flow
carrying capacity of the culvert barrel [25].

The inlet control equations for submerged and
unsubmerged inlet conditions are developed according to
the laboratory tests by the National Bureau of Standards, the
Bureau of Public Roads, and are the basis of the Federal
Highway Administrations inlet control nomographs HEC-
RAS provide solutions for inlet control computations for
submerged and unsubmerged and carries the water surface
profile through the structure and maintains the approach
velocity [2].

For outlet control culvert flow, HEC-RAS uses s Bernoulli's
equation to compute the change in energy through the
culvert [25]:

a; V2 a,V?
33 :Zz‘/‘Yz"/_L
29

2g

Z3+Y; + +H, (11)

Where, Z3: upstream invert elevation of the culvert, Ys: the
depth of water above the upstream culvert inlet, Vs: the
average velocity upstream of the culvert, as: the velocity
weighting coefficient upstream of the culvert, g: the
acceleration of gravity, Z,: downstream invert elevation of
the culvert, Y,: the depth of water above the downstream
culvert inlet, V»: the average velocity downstream of the
culvert, az: the velocity weighting coefficient downstream
of the culvert, HL. total energy loss through the culvert
(from section 2 to 3).

In SWMM, a culvert designation is assigned to any conduit
link by specifying its shape, which may be circular,
rectangular, ellipsoidal, or arch. During each time step of a
simulation, the flow through the culvert is initially
computed using the standard dynamic wave method, which
represents the outlet control condition. Subsequently, an
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inlet-controlled flow is computed to assess whether it
imposes a flow rate limitation. Under inlet control, a rating
curve establishes the relationship between culvert flow rate
and inlet head [24].

Under inlet control conditions, a rating curve defines the
relationship between the flow rate through a culvert and the
inlet head, influenced by the culvert's shape, material, and
the geometry of its inlet opening. When the inlet is
submerged, the culvert functions as an orifice, whereas it
operates as a weir when unsubmerged. Similar to the

procedures employed in HEC-RAS, SWMM utilizes
equations delineated in Hydraulic Design of Highway
Culverts [23] to determine the flow under unsubmerged
inlet control conditions [24].

Results and Discussion
THDH Approach to Culvert Design

Design discharges (Q1o, Q100), dimensions (a, b) and other
design parameters for the culvert at D302 KM:800 are
shown in Table 3.

Table 3. Design parameters of the culvert

Design Design Design Parameters of Inlet-Controlled Box Type Culvert

discharge for | discharge for Cross- Cross- Unit Unit

10year return 100year sectional | sectional | discharge discharge Manning’s Culvert
period return period width height for for roughness slope

Quo Q100 (M¥s) b (m) a(m) 10y.r.p. 100y.r.p. coefficient S
(m3/s) Q10 (100 n (%)
(m3/s /m) (m3/s /m)

12.51 19.00 3.00 2.00 417 6.33 0.016 4.10

The culvert hydraulic values calculated for Q10 and Q100
with the nomogram method defined in the THDH [4] are
used to calculate the headwater (HW) and tailwater (TW)
depths. The design results calculated for the selected culvert

dimensions are given in Table 4. Since the calculated water
height inside the culvert is less than the critical flow height,
it is not necessary to perform surge control at the culvert
outlet.

Table 4. Culvert design results by THDH approach

Design Normal water depth Normal velocity %r:'fﬁ : \?erllélcciil HW T™W
discharge inside the culvert inside the culvert P y depth depth
(m¥sn) Da (cm) Va (misn) Dk Vi m  (m)

" " (cm) (m/s)
Qu=12.51 80 7.8 121 3.4 1.80 0.80
Q100=19.00 109 8.7 160 4.0 2.40 1.09

According to Table 4, at Qo discharge, a 1.80m HW is
expected to occur at the culvert inlet, and at Q1o discharge,
a 2.40m HW is expected to occur at the culvert inlet.
Following the nomogram method proposed in the THDH,
while the water depth at the inlet does not exceed the culvert
height at the 10-year flow, it does at the 100-year design
flow. Still, both flow scenarios are still categorized as Type-
| (unsubmerged) inlet control flow as stated in the
handbook, given that the headwater level remains within 1.2
times the culvert height.

Application of HEC-RAS in Culvert Design

To simulate the culvert in the HEC-RAS software, the
stream sections encompassing the water collection area, as
well as the natural cross sections of the stream upstream and

downstream of the culvert are also included to the model.
RAS Mapper v.2 software was used to perform these
operations in the GIS environment. Using digital maps
compiled by ALOS PALSAR [16], natural stream sections
in areas close to the culvert were transferred to the model.
The flow path line and bank lines to define the main channel
banks for the cross sections are prepared using RAS
Mapper. The cross-sections were taken every 100m along
the flow route on the Kocacay stream, starting 850m
upstream of the culvert and continuing to 450m downstream
of the culvert. To analyze the variations in water levels at
the entrance and exit of the culvert, the model was executed
with link lengths of 5 meters over a distance ranging from
400 to 500 kilometers. Flow path line, bank lines and the
cross-sections of Kocacay stream prepared using RAS
Mapper is shown in Fig. 8.
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Figure 8. Flow path line, bank lines and the cross-sections of Kocacay stream

Between KM: 0 and KM: 416m are the flow path
downstream of the culvert which is an open channel with a
trapezoidal cross-section. The sections upstream of the
culvert (KM:452 to KM:1300) are natural land sections.
Manning roughness coefficients of the sections defined in
the model are shown in the Table 5. The culverts centerline
is positioned at KM: 435 along the streamline, designated

as a reinforced concrete box-type culvert with specified
dimensions of 3 meters in width, 2 meters in height, and a
length of 30 meters. The inlet loss coefficient was
determined as 0.5, as recommended by FHWA [2], and the
outlet loss coefficient was determined as 0.5, taking into
account the outlet conditions of the culvert.

Table 2 Manning coefficients used for cross-sections [26], [27]

Manning Coefficient

STKM Channel Type Right Bank Channel Bed Left Bank
ni n2 n3
0-438 Concrete bed & grassstone banks 0.035 0.016 0.035
438-468 Reinforced concrete rectangular culvert 0.016 0.016 0.016
468-3750 Natural irregular riverbed 0.035 0.035 0.035

The upstream and downstream boundary conditions in the
model are set to the normal depth according to the natural
bed ream slope at those sections (Table 6). The model was
run in steady condition with Q10 and Qoo design flow rates

estimated according to the Rational Method, and the
hydraulic conditions that may arise according to the
topographic model and the culvert section are determined
with the HEC-RAS model.

Table 6 Upstream and downstream boundary conditions

Boundary Condition

StKM Channel Type Type | Slope (J)
0 Concrete bed & grassstone banks normal depth 0.04
1300 Natural irregular riverbed normal depth 0.03

The water levels formed with Qo discharge in the cross-
sections at the upstream and downstream and in the cross-
sections at the inlet and outlet of the culvert are shown in

Fig. 9. The water levels formed with Q1o discharge at same
cross-sections are shown in Fig. 10. The water surface
profiles along the culvert for Q1o and Qoo discharges are
shown in Fig. 11.
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1. Channel cross-section and water level at the downstream (a), upstream (b) of the channel and culvert inlet (c)

and outlet (d) for Q10 discharge

MACULVERT  Plan:Plan 01 26.02.2024

036 |
1182

1192

191

1190

Elevation (m)

1189

11838

187
0

Elevation (m)

MACULVERT  Plan: Plan 01 26.02.2024

] b

035 |

S

Station (m)

o 20 40 80

Station (m)

WMACULVERT  Plan:Flan 01 5.03.2024

12115

1211.0

12105

12100

12095

Elevation (m)

1209.0

12085

1208.0

12075
0

Elevation (m)

MACULVERT  Flan:Plan01 5.03.2024

035 |
1212

Crit PF 1
EG PF 1
WS PF 1
L

1211

1210
Ground

Bank Sta

1208

o o

1208

1207

20 40 60

Station (m)

80 100 120

60

Station (m)

100 120

Figure 10. Channel cross-section and water level at the downstream (a), upstream (b) of the channel and culvert inlet (c)
and outlet (d) for Q100 discharge

Upon examining the profiles and sections in Figures 9, 10
and 11, it becomes evident that the culvert can convey both
Q10 and Qoo discharges and both flow type can be classified
as inlet control USGS Type 5 flow since the headwater
depth (HW) exceeds culvert height in both cases
(submerged inlet) [3]. In the natural stream section
preceding the culvert entrance, characterized by a higher
roughness value, HW surpasses the culvert height. The inlet
end is submerged and the outlet end flows freely. The
control section of the culvert is located just inside the
entrance and near this location critical depth occurs.
Subsequently, within the culvert featuring a lower
roughness and a steep bottom slope, the flow persists at a

depth below the critical depth for both discharge conditions
and the flow regime downstream is supercritical. Figure
11's profiles indicates that the flow, corresponding to the
Q10 and Qoo discharges, the flow approaches normal depth
at the culvert outlet end. Hydraulic characteristics
downstream of the inlet control section do not affect the
culvert capacity. In both instances, a higher headwater level
results in ponding at the upstream side of the culvert,
particularly pronounced during Qo0 discharge conditions.
The perspective view of the hydraulic sections for Q1o flow
rate by the model is shown in Fig. 12.
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b)

Figure 11. The water surface profiles along the culvert for
Q1o (a) and Quoo (b) discharge

Figure2. Perspective view of culvert for Qoo discharge

Fig. 13 displays the ponding area at the culvert entrance,
generated by RAS-Mapper based on the water surface
profile computed in the HEC-RAS model. Upstream from
the culvert entrance, the natural stream bed forms a sharp
bend, with several public buildings situated along the right
edge of the ponding area. It's crucial to acknowledge that
such sharp turns in the natural stream bed can lead to
erosion and potentially increase sediment deposition,
posing a flood risk to the nearby buildings.

(Y
200 B
i

Figure 13. Ponding area for Q1o discharge
Application of SWMM in Culvert Design

The EPA Storm Water Management Model (SWMM) is a
dynamic rainfall-runoff simulation model used for single
event or long-term (continuous) simulation of runoff
quantity and quality from primarily urban areas. Typical
applications of SWMM include design and sizing of
drainage system components for flood control and sizing of
detention facilities and their appurtenances for flood
control. SWMM can generate profile plots showing how
water surface depth varies across a path of connected nodes
and links [24].

The cross-sections obtained from DEM every 100 m along
the route were transferred to the SWMM model and defined
as nodes. The lines between these calculation points defined
along the route are defined as links. The links and nodes
defined along the stream route in the SWMM model are
shown in Fig. 14.
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Figurel4. Stream centerline, links, and nodes of Kocacay

The cross-section of each link was calculated based on the
cross-sections defined at the node and obtained from the
DEM. The lowest point of the sections at the node points is

defined as the channel talweg/base point in the model, and
the invert elevation is defined at the calculation points. In
the model created in SWMM, natural stream sections at the
upstream and the downstream of channel, at the inlet and
the outlet of the culvert are shown in Fig. 15.
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Figure 15. Channel cross-sections at the upstream (a), downstream (b) of the channel and culvert inlet (c) and outlet (d) in
SWMM

The link section from KM:416 to KM:452 was designated
as a reinforced concrete box culvert with a rectangular
cross-section and 30-75 deg. flared wingwalls. The
dimensions, roughness coefficients for the walls and
foundation of the culvert, and inlet-outlet loss coefficients
were configured to match the parameters in the HEC-RAS
model. Subsequently, the model was simulated under
steady flow conditions for both Q10 and Qioo discharges.
Fig. 16 displays the water surface profiles recorded
upstream and downstream of the culvert.

When utilizing the SWMM model for Q1o and Qigo flow
rates, the Figure 16 reveals that the culvert functions under

both inlet control. For Q1o flow, a surge is evident at the
entrance of the culvert, attributed to changes in cross-
section and inlet losses. However, according to the model's
calculations, the surge height is determined to be lower than
the culvert height for Q4 discharge. On the other hand, for
Q00 flow the HW surpasses the height of the culvert and the
inlet is submerged. In both cases the flow regime inside the
culvert is supercritical. SWMM model results shows USGS
Type-1 flow through an unsubmerged inlet control culvert
for Q10 and USGS Type-5 flow through a submerged inlet
control culvert for Q1o discharge.
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Figure 16. Water surface profile for flow rates Q10 (a) and Q100 (b)

Comparison of the Results

The hydraulic calculations made using nomograms in the
THDH [4] for the culvert to be built in the Kocagay stream

on Nevsehir Avanos highway were compared with HEC-
RAS and SWMM models, and the water depths calculated
at the culvert inlet and outlet for Q10 and Q100 discharges are
shown in Table 7.

Table 3. Headwater (HW) and tailwater (TW) depth of the culvert
Calculated water depth (m)

Flow (m?/s) THDH HEC-RAS SWMM

HW | T™W HW | T™W HW | T™W
Q10 (12.51) 1.80 0.80 2.14 1.10 2.13 0.86
Q100 (19.00) 2.40 1.09 3.21 1.50 3.31 1.06

Upon reviewing Table 7, the assessment of culvert flow
focuses on inlet control across all calculation methods. As
per the methodology outlined in the THDH [4], at Q1o
discharge, an unsubmerged inlet condition is observed.
However, at Qioo, the calculated headwater depth (HW)
surpasses the culvert height. Despite this variation, both
flow scenarios are still categorized as Type-I
(unsubmerged) inlet control flow as stated in the handbook,
given that the HW remains within 1.2 times the culvert
height. Unlike the calculations according to THDH, in both
conditions the headwater level exceeds culvert height

according to HEC-RAS model calculations. The flow is
considered as inlet control USGS Type 5 flow as submerged
inlet occurs in both Q10 and Qoo discharge conditions.

SWMM model results for Q1o shows an unsubmerged inlet
control culvert with supercritical USGS Type-1 flow inside
the culvert. On the other hand, for Qe flow the HW
surpasses the height of the culvert and the inlet is
submerged. The flow inside the culvert is supercritical
matching USGS Type-5 flow conditions.
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Although all calculation methods yield relatively similar
results for water depths at the tailwater, the methodology
outlined in the THDH produces higher values for tailwater
depths compared to the model results. Notably,
discrepancies in the method utilized, result in more
significant differences in water heights calculated at the
headwater. The THDH method yielded the lowest
headwater depth for both discharge cases, which could lead
to inaccuracies in determining culvert dimensions and surge
levels. While THDH and SWMM give relatively closer
results to each other, HEC-RAS produces significantly
higher depth values at headwater than the other two
methods.

While according to THDH, hydraulic calculations can only
be made for the culvert inlet and outlet by using formulas
and nomograms, in HEC-RAS and SWMM models,

NN

an

M)
J

V I\

W\

(S

Water depth (m)

(M: 430

hydraulic calculations can be made up to the desired
distance upstream and downstream, apart from the culvert
entrance and exit.

In HEC-RAS and SWMM models, water depths were
calculated at cross-sections every 100 m on a 1300 m route
on the Kocacay stream. In both models, the geometries,
roughness coefficients of the naturally irregular sections
were kept identical to constitute a comparison between the
water depth results for both models.

Fig. 17 compares the water depths calculated by HEC-RAS
and SWMM models at each cross-section for Q1o and Q1o
discharges. The comparison excludes water depths at the
headwater and tailwater, where calculation methods differ
between the models, as well as at KM:0 and KM:1300,
where boundary conditions influence the results.
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Figure 17. Water depths calculated for Q1o (a) and Q1o (b) discharge in the HEC-RAS and SWMM models

Although the water depths calculated by the HEC-RAS and
SWMM models were close to each other at the calculation
points upstream of the culvert along the Kocacay Stream,
except the ponding area close to the inlet of the culvert, the
water depths calculated by the HEC-RAS model were
generally higher than those calculated by SWMM at the
same cross-section.

While both models utilize the same fundamental equations,
the HEC-RAS model incorporates the meander effect into
hydraulic calculations by considering reach lengths for the
left and right overbank and channel between two cross-
sections. In cases where the distances between cross
sections for both the channel and overbanks vary, HEC-
RAS determines a discharge-weighted reach length. [25].
Conversely, in SWMM, floodplain access distances are not
computed by the model, and users must define the meander
effect in natural sections [24]. Additionally, HEC-RAS and
SWMM utilize different numerical methods and algorithms
to simulate hydraulic behavior, which leads to variations in
results.

The difference between SWMM and HEC-RAS results
increases with increasing water depth at the cross-sections
downstream from the station point where the culvert is
located and downstream of the culvert outlet. The presence
of the culvert itself introduce complexities in flow dynamics
downstream, such as changes in flow velocity, turbulence,
and water surface profiles. SWMM and HEC-RAS handle
these effects differently, leading to discrepancies in
predicted water depths. This situation is observed in the
model results, especially between KM: 416, and KM: 0 at
the downstream of the culvert.

Conclusions

After reviewing the water depths calculated using three
distinct methods at the culvert entrance, exit, and nearby
points along the channel, it becomes apparent that while the
nomogram method suggested in the THDH provides a
practical means for determining headwater depth, tailwater
depth and culvert dimensions. However, it does not
adequately address the channel sections upstream and
downstream of the culvert and the relevant flow conditions.
This oversight leads to an underestimation of culvert
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headwater depth during design flow conditions and may
cause the water to surge to undesirable levels during floods.

With the model made with SWMM, an urban infrastructure
modeling tool, it was observed that the flow conditions at
the culvert inlet and outlet and in the natural sections at the
upstream and downstream were taken into consideration,
but it was observed that the flow conditions did not fully
reflect the flow conditions since the effect of some river
features such as meanders on the flows was not directly
calculated by the model.

It has been determined that HEC-RAS, can model many
hydraulic features of a natural stream and reflects the flow
conditions on the channel more accurately, both at the inlet
and outlet of the culvert and at the upstream and
downstream of the culvert. With the GIS tools in HEC-
RAS, the water collection areas created by the design flow
rates around the culvert can be shown on the map and the
regional effect of the flow can be evaluated with this tool.

To evaluate the environmental effects of the design flow
rates of culverts, especially those located near residential
areas, it is recommended to use HEC-RAS and similar GIS-
supported modeling tools in hydraulic calculations.

In summary, While the THDH and SWMM methods have
their useful insights, HEC-RAS integrates comprehensive
modelling and GIS tools for better accuracy and reliability
of culvert performance assessment and flood management,
in particular for complex and residential areas. It is
therefore suggested that future studies should focus on
prioritizing and integrating HEC-RAS and GIS based
technologies to enhance detailed flow dynamics and
environmental impacts.
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Bu ¢aligmada birlesik deprem etkilerinin ve ek digmerkezligin betonarme binalarin davranigina etkisi
incelenmistir. Calisma kapsaminda modellenen betonarme yapinin bes zemin sinifina (ZA, ZB, ZC, ZD
ve ZE) gore X ve Y yonlerinde olmak iizere toplam 30 adet dogrusal olmayan statik itme analizleri
yapimustir. Kirig ve Kolonlarin dogrusal olmayan davraniglar toplanmis plastik mafsal kabuliine gore,
perde duvarlarin dogrusal olmayan davraniglart ise yayili plastik mafsal kabuliine gore yapilmustir.
Analizler sonucunda birlesik deprem etkileri ve ek dismerkezlik dikkate alinarak her zemin smifi i¢in
kapasite egrileri, X ve Y yonleri i¢in en diisiik yiik faktoriinde olusan plastik mafsal dagilimlari, ilk
mafsalin olustugu andaki yiik faktorii ve maksimum yiik faktorii degerleri elde edilmistir. Analizler
sonucunda zemin smifi ZA’dan ZE’ye dogru gidildikge hem kapasite degerlerinde hem de yiik faktorii
degerlerinde azalmanin oldugu belirlenmistir. Bununla birlikte, ek dismerkezlik ve birlesik deprem
etkileri dikkate alindigi modellerde zemin sinifindaki degisime bagli olarak plastik mafsal dagilimlarinin
yogunlastig1 tespit edilmistir. Sonu¢ olarak betonarme yapilarin tasarimlarinda ve performans
degerlendirmelerinde zemin siniflarina ilave olarak birlesik deprem etkilerinin ve ek dismerkezligin
dikkate alinmasi gereken 6nemli parametreler oldugu tespit edilmistir.
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In this study, the effects of combined earthquake effects and additional eccentricity on the behaviour of
reinforced concrete buildings were investigated. Within the scope of the study, a total of 30 nonlinear
static pushover analyses of the modelled reinforced concrete structure were performed in X and Y
directions according to five soil classes (ZA, ZB, ZC, ZD and ZE). The nonlinear behaviour of beams
and columns is based on lumped plastic hinge and the nonlinear behaviour of shear walls is based on
distributed plastic hinge. As a result of the analyses, capacity curves for each soil class, plastic hinge
distributions at the lowest load factor for X and Y directions, load factor at the moment of the first hinge
and maximum load factor values were obtained considering the combined earthquake effects and
additional eccentricity. As a result of the analyses, it was determined that both capacity values and load
factor values decrease as the soil class moves from ZA to ZE. However, in the models where additional
eccentricity and combined earthquake effects were considered, it was found that plastic hinge
distributions intensified due to the change in soil class. As a result, it was determined that in addition to
soil classes, combined earthquake effects and additional eccentricity are important parameters that
should be considered in the design and performance evaluations of reinforced concrete structures.
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Giris

Depremler, yerkabugundaki enerji birikiminin fay hatlart
boyunca serbest birakilmasi sonucu olusan dinamik
kuvvetlerdir. Bu kuvvetlerin dogru bir sekilde analiz
edilerek yapilarin depreme dayanikli tasariminda
kullanilmasi temel bir gerekliliktir [1]. Bu nedenle farklt
yonlerde etki eden deprem kuvvetlerinin birlestirilerek
yapisal hesaplamalarin  yapilmasi, binalarin sismik
performansini belirlemede 6nemli bir rol oynamaktadir
[2-4]. Deprem kuvvetlerinin  birlestirilmesi, yap1
miihendisliginde karmasik bir analiz siireci gerektirir. Bu
stireg, yapinin sismik yiikler altindaki davranisini tahmin
etmek i¢in ¢esitli matematiksel ve hesaplamali
yontemlerin kullanilmasini igermektedir. Ozellikle, coklu
deprem senaryolarinin bir araya getirilmesi, yapinin
gercek zemin kosullarina daha uygun bir sekilde
tasarlanmasini saglar [5]. Bu yaklasim hem yapilarin
giivenligini hem de siirdiiriilebilirligini  artirmay1
amaglayarak biiyiik genlikli deprem hareketlerinin yapilar
iizerindeki etkilerini en aza indirgenmesi hedeflemektedir

[6].

Yapi tasariminda dikkat edilmesi gereken diger bir kritik
parametre ise ek digmerkezliktir. Ek digmerkezlik, yapinin
agirlik merkezinin, tasiyici sistemin merkezine olan
uzakligi olarak tanimlanmaktadir. Bu durum, yapinin
depremler ve diger yiikler altindaki davranisini 6nemli
Ol¢iide etkilemektedir [7]. Yapilarin sismik performansini
degerlendirmek ve giivenligini artirmak igin ek
dismerkezligin etkilerini anlamak ve buna gore tasarim
yapmak biiylik 6nem tagimaktadir. Ek dismerkezlik, yap1
tasarimimda mimari digmerkezlik ve yapisal dismerkezlik
olarak iki ana bilesen olarak ele almmmaktadir. Mimari
dismerkezlik, yap1  elemanlarinin  yerlesimi  ve
fonksiyonlar1 nedeniyle ortaya ¢ikan agirlik merkezinin
kaymas1 olarak agiklanirken, yapisal dismerkezlik ise
yapmin dinamik davranigini etkileyen tasiyici sistemdeki
asimetrik yik dagilimindan kaynaklanmaktadir [8-9].
Dismerkezlik, yapmnin burulma momentlerine ve sismik
yikler altindaki deformasyonlarmma dogrudan etkide
bulundugu icin  binalarin  sismik  performansini
degerlendirirken dikkate alimmalidir [10]. Ozellikle biiyiik
yapilarda ve yiiksek binalarda, dismerkezligin etkileri
daha karmagik bir sekilde ortaya ¢ikmaktadir [6]. Tirkiye
Bina Deprem Yonetmeligi-2018 (TBDY-2018)’de ise
yapilarin tasariminda, yapida herhangi bir diizensizlik
bulunmasa bile %5’lik minimum ek dismerkezligin
dikkate alinmasi gerekliligi belirtilmistir [11]. Boylelikle,
yapida daha sonradan yapilacak olas1 degisikliklerden ve
yik  dagilimindaki  belirsizliklerden  kaynaklanan
diizensizliklerin bertaraf edilmesi amaglanmaktadir.

Bu  nimerik c¢alismada;  deprem  Kkuvvetlerinin
birlestirilmesinin ve ek digmerkezlik etkisinin betonarme
binalarin sismik davranigina etkisi incelenmistir. Dogrusal
olmayan statik itme analizi yontemi kullanilarak binalarin
TBDY-2018’de verilen bes farkli zemin tiirline gore
analizleri yapilmigtir. Analizler sonucunda; secilen binanin

kapasite egrileri, plastik mafsal dagilimlar1 ve yiik faktorii
degerleri elde edilmistir.

Materyal ve Metot

Secilen betonarme binanin dogrusal olmayan analizleri
icin statik itme analizi yontemi kullanilmistir. Bu yontem,
yapt miihendisliginde ozellikle bina tiirii yapilarin
tasarimmda ve performanslarinin degerlendirilmesinde
dogru sonuclar veren pratik bir analiz yontemidir. Bu

nedenle  birgok  aragtirmaci  tarafindan  siklikla
kullanilmaktadir  [12]-[18]. Bu analiz yonteminde
depremden kaynaklanan kuvvetler simiile edilerek

incelenen binaya monolitik sekilde artan yanal bir yiik
uygulanmasimi igermektedir. Analiz sonucunda elde
edilen kapasite egrisi mihendisin tasarladifi veya
performans analizini yiiriittigi binanin sismik kosullar
altinda yapisal kapasitesini, go¢cme mekanizmalarini
degerlendirmesine olanak tantyan, taban kesme kuvveti
ile cati deplasmani arasindaki iliskiyi gostermektedir.
Analiz, yapilarin elastik durumdan elastik olmayan
davranisa nasil gecis yaptigma dair ayrintili bilgiler
vererek, gergek sismik yiikleme altinda yapisal hasarlara
yol agabilecek plastik mafsallarin olustugu bolgeleri tespit
etmede biiyiik kolaylik saglamaktadir. Bu caligmada,
Secgilen binanin statik itme analizi, deprem kuvvetleri
birlestirilerek ve %5’lik ek digsmerkezlik uygulanarak
yapilmigtir. Bu parametreler TBDY-2018’de tanimlandigi
sekilde binaya uygulanmistir. Yonetmelikte ifade edilen
bu kuvvetlerin birlestirilmesi islemi Denklem (1)’de
tanimlanmustir.

EY = +EX + 03E); Ef = +EY + 03 E} (1)

Burada Eq® ve E4" birbirine dik (X) ve (Y)
dogrultularindaki depremlerin etkisi altinda tanimlanan ve

ayr1 ayr1 hesaplanan deprem etkilerini, E4™ ise
birlestirilmis kuvvetleri gostermektedir.
Sayisal calisma i¢in  secilen  betonarme  bina

Tunceli/Merkez’de, 39.046200 enlem, 39.507956 boylam
konumunda bulunan B+Z+3 normal katli konut yapisidir.
Sekil 1-2’de segilen binanin normal kat plani ve iig
boyutlu goriinimii sirasiyla verilmistir. Binada kat
yliksekligi 3 m, doseme kalinligi 15 cm, kiris boyutlar
25/50 cm ve 25/75 cm olarak segilirken, kolon boyutlar1
25x50 cm, 25/75 cm, 25/100 cm, 25/112.5 cm ve 25/150
cm olarak alinmigtir. Binada malzeme olarak S420°lik
donat1 ve basing dayanimi 25 N/mm? beton kullanilmistir.
Dogrusal olmayan davranigt saglamak icin eleman
uclarinda toplanmis plastik mafsal kabulii yapilirken,
bodrum perdelerinde yayili plastik mafsal kullanilmigtir.
Malzeme davranis modeli olarak beton i¢in Mander
Sargili Beton modeli [19], donati igin Manegetto-Pinto
[20] davramis modeli kullanilmigtir. Analizler igin
Seismostruct V24 yapi analiz programi kullanilmustir.
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Sekil 1. Segilen binanin normal kat plant

Sekil 2. Segilen binanin 3 boyutlu gériinimii

Arastirma Bulgularn

Bu boliimde incelenen yapmm X ve Y ydnlerindeki bes
zemin sinifina gore birlesik deprem etkilerinin ve ek
dismerkezligin  dikkate almarak yapilan analizleri
sonucunda elde edilen kapasite egrileri, plastik mafsal
dagilimlari, ilk mafsal i¢in yiik faktorii degerleri ve
maksimum yiik faktorii degerleri sunulmustur.

Kapasite Egrileri

Secilen binanin kapasite egrileri bina ¢ati deplasmaninin
bina yiiksekliginin %3’line ulagincaya kadar ittirilerek
olusturulmugtur.  Incelenen  binamin X  ydniinde
birlestirilmis kuvvetler etkisi altinda elde edilen kapasite
egrileri  Sekil  3’te  sunulmustur. Bu  egriler
degerlendirildiginde ZA zemin sinifi igin taban kesme
kuvvetleri Modal X yiiklemesinde 16709.04 kN, Modal
X-eccY yiiklemesinde 16277.36 kN, Modal X+0.3Y-
eccY yiiklemesinde 15113.15 kN olarak tespit edilmistir.
ZB zemin smifi i¢in taban kesme kuvvetleri Modal X
yiiklemesinde 16518.47 KN, Modal X-eccY yiiklemesinde
16086.88 kN, Modal X+0.3Y-eccY yiiklemesinde ise
14804.4 kN oldugu goriilmiistir. ZC zemin smifi igin
taban kesme kuvvetleri incelendiginde Modal X
yiiklemesinde 16027.08 kN, Modal X-eccY yiiklemesinde
15635.89 kN ve Modal X+0.3Y-eccY yiiklemesinde
14335.01 kN oldugu goriilmiistiir. ZD zemin smifi igin

taban kesme kuvvetleri degerlendirildiginde Modal X
yiiklemesinde 15718.47 kN, Modal X-eccY yiiklemesinde
15324.87 kN, Modal X+0.3Y-eccY yiiklemesinde
13996.60 kN oldugu gorilmiistiir. ZE zemin sinifi igin
elde edilen taban kesme kuvvetlerinde ise Modal X
yiklemesi igin  15465.88 kN, Modal X-eccY
yiklemesinde 15088.24 kN ve Modal X+0.3Y-eccY
yiiklemesinde 13814.84 kN oldugu goriillmiistiir.
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Sekil 3. Incelenen binanin X yéniinde bes farkli zemin
sinifina gore elde edilen kapasite egrileri
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Incelenen binanin Y yoniinde birlestirilmis kuvvetler
etkisi altinda elde edilen kapasite egrileri ise Sekil 4’te
gosterilmistir.
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Sekil 4. incelenen binanin Y yéniinde bes farkli zemin
smifina gore elde edilen kapasite egrileri

Kapasite egrileri degerlendirildiginde; ZA zemin sinifi
icin taban kesme kuvvetleri Modal Y yiiklemesinde
15355.72 kN, Modal Y-+eccX yiiklemesinde 14172.07

kN, Modal Y+0.3X+eccX yliklemesinde 13448.73 kN
olarak tespit edilmistir. ZB zemin sinifi i¢in taban kesme
kuvvetleri Modal Y yiiklemesinde 15038.44 kN, Modal
Y-+eccX yiliklemesinde 13838.5 kN, Modal Y+0.3X+eccX
yiiklemesinde 13132.53 kN oldugu gorilmistir. ZC
zemin sinifi i¢in ise taban kesme kuvvetleri Modal Y
yiikklemesinde  14660.42 kN, Modal Y+eccX
yiklemesinde 13447.39 kN ve Modal Y+0,3X+eccX
ylklemesinde 12776.13 kN oldugu gorilmistir. ZD
zemin sinifi i¢in ise taban kesme kuvvetleri Modal Y
ylklemesinde  14365.35 kN, Modal Y+eccX
ylklemesinde 13183.46 kN ve Modal Y+0.3X+eccX
ylklemesinde 12528.70 kN oldugu gorilmistir. ZE
zemin sinifinda yer alan binanin taban kesme kuvvetleri
Modal Y yiiklemesinde 14150.21 kN, Modal Y-+eccX
yliklemesinde 12963.31 kN ve Modal Y+0.3X+eccX
yiiklemesinde 12321.45 kN oldugu goriilmiistiir

X Yoniinde Elde Edilen Plastik Mafsal Bolgeleri

X yoniindeki kuvvetlerin etkinliginin fazla oldugu
yliklemeler i¢in bes zemin sinifina ve {i¢ farkl yiiklemeye
(Modal X, Modal X-eccY ve Modal X+0.3Y-eccY) gore
elde edilen plastik mafsal dagilimlarinin binanin
perspektif ve arka cepheden goriiniimleri sirasiyla Tablo
1-2’de verilmistir. Yapisal elemanlarda olusan plastik
mafsal dagilimlar ii¢ farkli yiikleme i¢in en diisiik yiik
faktorii olan 1.55 referans alinarak belirlenmistir.

Elde edilen plastik mafsal dagilimlari incelendiginde, ZA
ve ZB zeminleri i¢in segilen yiiklemeler altinda plastik
mafsal olusmazken, ZC ve ZD zeminlerinde Modal X-
eccY ve Modal X+0.3Y-eccY yiklemeleri altinda
kirislerde plastik mafsallarin  olustugu goriilmiistiir.
Bununla birlikte, Modal X+0.3Y-eccY yiiklemesinde
plastik mafsallarin arttigi belirlenmistir. ZE zemin
smifinda elde edilen plastik mafsallar
degerlendirildiginde, Modal X-eccY yiiklemesinde kolon
ve perdelerde plastik mafsallarin olustugu goriiliirken
Modal X+0.3Y-eccY yiiklemesi altinda olusan plastik
mafsallarin  tiim yapisal elemanlara dagildigi tespit
edilmistir.
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Tablo 1. Incelenen binanin X yoniinde perspektif goriiniise gore elde edilen plastik mafsal bolgeleri

Zemin Modal X Modal X-eccY Modal X+0.3Y-eccY

ZA

ZB

ZC

ZD

ZE
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Tablo 2. incelenen binanin X ydniinde arka cepheden goriiniise gore elde edilen plastik mafsal bolgeleri

Zemin Modal X Modal X-eccY Modal X+0.3Y-eccY
lome =  ‘mnll Tl [T
lome B il il il
ZA frmn N il LI I {1R)
] LW LW ILm LW
1w il AT N nimin
| 1min 11 Il 111 1
ZB || TImi ] LR ] TR || /N
I mil T mi| 11w
VT I T T | ML ] | W il
Nime & omll Hrme & mil 1 iy
ZC prmy  m HW ome  w LWy 1R 1 LW
- 1l nmymye = 1mnl LRI 0 1mnl
Nimg = ol lyme =  wnll Myl
rmy & umnl Nrme W dwnd N1an
ZD lime m LY yme m DR R0 T
nymy = 1mnl 111 mye L 1me
lamm = ) lamm
liam Nl 1N
ZE hrme § il LY ) IR
Nime = LR 91l 101 LRI

Y Yoniinde Elde Edilen Plastik Mafsal Bolgeleri

Y yoniindeki

kuvvetlerin etkinliginin fazla oldugu

yliklemeler dikkate alinarak bes zemin sinifina ve ii¢ farkli

yiiklemeye (Modal X, Modal X-eccY ve Modal X+0.3Y-
eccY) gore elde edilen plastik mafsal dagilimlarinin
binanin perspektif ve arka cepheden goriiniimleri sirasiyla
Tablo 3-4’te sunulmustur. Yapisal elemanlarda olusan
plastik mafsal dagilimlar ii¢ farkl yiikleme i¢in en diisiik
yiik faktorii olan 0.98 referans alinarak belirlenmistir.

Olusan plastik mafsal dagilimlart degerlendirildiginde, X
yoniindekine benzer sekilde ZA ve ZB zeminleri igin

secilen tiim yiiklemeler i¢in higbir yapisal elemanda
plastik mafsal olusmamistir. ZC ve ZD zeminlerinde ise
tiim yiiklemeler i¢in kiriglerde plastik mafsallar meydana
gelmistir.  Bununla  birlikte Modal X+0.3Y-eccY
yiiklemesi altinda zemin kat kolonlarinda plastik mafsal
olusmustur. ZE zemin smifinda elde edilen plastik
mafsallar incelendiginde, Modal X-eccY yiiklemesinde
kolon ve perdelerde X yoniindeki plastik mafsal
dagilimlardan daha yogun oldugu tespit edilmistir. Modal
X+0.3Y-eccY yiiklemesi altinda olusan plastik mafsallarin
tiim yapisal elemanlara dagildig: belirlenmistir.
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Tablo 3. Incelenen binanin Y yoniinde perspektif goriiniise gore elde edilen plastik mafsal bolgeleri

Zemin Modal Y Modal Y+eccX Modal Y+0.3X+eccX

ZA

ZB

ZC

ZD

ZE
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Tablo 4. incelenen binanin Y yoniinde arka cepheden goriiniise gore elde edilen plastik mafsal bolgeleri

Zemin Modal Y Modal Y+eccX Modal Y+0.3X+eccX
m  mnll lemme =  mntl il
¥ Il TR lame N (mi (i
ZA | B Imil fomn N Wl Il
[fH/WE = /M [(H/WN m 1] JIRI I
umill Noyme = uminll umi il
[Tnm il Hyme 0 1minll Il
ZB || 1IN IR ime n 1Nl 1N
[ T 1TA] nymey =  1EI 1A
Lnimn Il i [T} il
(L Il [TR] 1 11| il L
ZC |} NI Ul 11N LWL LMLl
110 minn LA TR 1imnll
Nnimn milf il \
aam IT'TH |
{1 nimn Il Nymn i \amm I TI
ZD nl [ R jyme m Il [T | WL
nme 1mn 1 Hmn W Hm
il ';i.—‘, A=E ]
il ‘am= TR |
ZE I \1Ee | amndl
LI neY 9 ol
Yiik Faktorleri smifinda bu deger 1.19 olmustur. Diger zemin siiflarinda

Secilen binanin zemin smiflarina ve ii¢ fakli yiikklemeye
gore ilk plastik mafsalin olustugu andaki yik faktori,
maksimum yiik faktérii X ve Y yonleri igin sirastyla
Tablo 5 ve Sekil 5-8’de sunulmustur. Buna gore, X
yoniinde ilk mafsalin olustugu andaki yiik faktori ve
maksimum yiik faktdrii degerlerinin ZA’dan ZE zemin
smifina dogru gidildik¢e biitiin yiikkleme durumlari igin
azaldig gorlilmiistiir.

iIk mafsal igin yiik faktorii Modal X yiiklemesinde ZA
zemin smifi 2.23 iken aynmi yiikleme i¢in ZE zemin

buna benzer sekilde lineer bir azalis meydana gelmistir.
Ek dismerkezligin dikkate alindig1 X-eccY yiiklemesinde
ilk mafsalin olustugu andaki yiik faktorii ve maksimum
yiik faktorii degerleri ZA i¢in sirasiyla 2.15 ve 3.14
olurken ZE i¢in bu degerler 1.15 ve 1.70 olarak elde
edilmistir. Ek digsmerkezlik ve deprem kuvvetlerinin
birlestirildigi X+0.3Y-eccY yiiklemesinde ilk mafsalin
olustugu andaki yiik faktorii ve maksimum yiik faktorii
degerleri ZA igin swrasiyla 1.98 ve 2.89 olarak
belirlenirken ZE zemin sinifi igin bu degerler 1.04 ve 1.55
olarak tespit edilmistir.
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Y yonii icin elde edilen sonuglar degerlendirildiginde X
yoniindeki sonuglara paralel degerler elde edilmistir. ilk
mafsal i¢in yiik faktorii Modal Y yiiklemesinde ZA zemin
smift 1.54 iken ayni yiikleme igin ZE zemin simifinda bu
deger 0.81 olmustur. Maksimum yiik faktor agisindan
bakildiginda ayni zemin simifi ve aym yiikleme i¢in bu
degerler 2.12°ye  karsihlk  1.12  olmustur. Ek
dismerkezligin dikkate alindig1 Y+eccX yiiklemesinde ilk
mafsalin olustugu andaki yiik faktorii ve maksimum yiik

faktorii degerleri ZA igin sirasiyla 1.31 ve 1.95 olurken
ZE i¢in bu degerler 0.69 ve 1.03 olarak elde edilmistir. Ek
digsmerkezlik ve deprem kuvvetlerinin birlestirildigi
Y+0.3X+eccX yiiklemesinde ilk mafsalin olustugu andaki
yiik faktorii ve maksimum yiik faktorii degerleri ZA igin
sirastyla 1.21 ve 1.85 olarak belirlenirken ZE zemin sinifi
icin bu degerler 0.64’e karsihk ve 0.98 olarak elde
edilmistir.

Tablo 5. Tiim zemin siniflari i¢in ilk mafsalin olustugu yiik faktorii ve maksimum yiik faktorii degerleri

Zsir:'f? Yiik Faktorii X X-eccY X+0.3Y-eccY Y Y+eccX Y+0.3X+eccX
llk Mafsalin Olustugu |, »q 2.15 1.98 1.54 1.31 1.21
ZA | Andaki
Maksimum 3.23 3.14 2.89 2.12 1.95 1.85
Ilk Mafsaln Olustugu |, ) 1.93 1.78 1.43 1.23 1.15
7B Andaki
Maksimum 2.88 281 261 1.97 1.82 1.73
llk Mafsalin Olustugu | /4 1.37 1.24 0.95 0.81 0.75
7C Andaki
Maksimum 2.05 1.99 1.03 1.32 1.21 1.15
llk Mafsalin Olustugu | ) 4z 1.31 117 0.91 0.77 071
7D Andaki
Maksimum 1.96 1.91 1.74 1.26 1.16 11
Rk Mafsalm Olustugu | 4 19 1.15 1.04 0.81 0.69 0.64
ZE ndaki
Maksimum 1.74 1.70 1.55 1.12 1.03 0.98
m X+0,3Y-eccY mX-eccY X mY+0,3X+eccX ™ Y+eccX Y

Sekil 5. X yoniinde ilk mafsalin olustugu ytik faktori
degeri

m X+0,3Y-eccY mX-eccY X

A
/S XK-eccY
7 X+0,3Y-eccY

Maksimum Yk Faktors

Sekil 6. X yoniinde maksimum yiik faktorii degeri

- ' ' /" Y+eceX
T (/ ¥+0,3X+eccX

Sekil 7. Y yoniinde ilk mafsalin olustugu yiik faktorii
degeri

ilk Mafsalin Olustugu Yitk Faktari

mY+0,3X+eccX ™ Y+eccX Y

/_/ Y+eceX
¥/ ¥+0,3%+eceX

Maksimum Yik Faktori f

Sekil 8. Y yoniinde maksimum yiik faktorii degeri
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Sonuclar

Bu c¢alismada birlesik deprem etkilerinin ve ek
dismerkezligin betonarme binalarin davranisina etkisi
statik itme yontemiyle incelenmistir. Sayisal ¢aligsma igin
secilen betonarme binanin bes zemin sinifina (ZA. ZB.
ZC. ZD ve ZE) gore toplam 30 adet dogrusal olmayan
itme analizleri yapilmistir. Analizler sonucunda ek
dismerkezligin bulunmadigi durum i¢in Modal X ve Y
yiiklemesi, ek dismerkezlik i¢in en olumsuz sonucu veren
X-eccY, Y+eccX vyiiklemeleri ve ek dismerkezlige
ilaveten deprem kuvvetlerinin de birlestirildigi durum
olan  Y+0.3X+eccX,  X+0.3Y-eccY  yiklemeleri
secilmigtir. Yapilan analizlere gore elde edilen sonuglar
asagida maddeler halinde verilmistir.

e  Analizler sonucunda zemin smifinin binanin
kapasitesini etkileyen onemli bir faktor oldugu
goriilmiistiir. En yiiksek kapasite egrileri ZA zemin
sinifi i¢in elde edilirken, en diisiik egriler ZE zemin
sinifi i¢in elde edilmistir.

o  Kapasite degerlerini etkileyen diger faktoriin ek
dismerkezlik  oldugu  tespit  edilmistir.  Ek
dismerkezlik dikkate alinarak yapilan analizlerde
kapasite egrilerinde azalmalar goriilirken yapisal
elemanlardaki plastik mafsal sayisinin  arttigi
belirlenmistir. Bununla birlikte ek digmerkezlik hem
ilk mafsalin olustugu andaki hem de maksimum
yiikleme faktdrlerinin azalmasina neden olmustur.

e  Deprem kuvvetlerinin birlestirilmesiyle yapilan
analizlerde ise hem kapasite egrilerinin hem de
hasarin onemli olgiide etkilendigi gorilmistiir.
Birlesik deprem kuvvetleri 6zellikle ZC, ZD ve ZE
zemin siniflarinda yapisal elemanlardaki plastik
mafsal sayisini artirmistir. Bu etki yiik faktorlerini
de ek dismerkezlik gibi etkileyerek zemin sinifina
bagli olarak yaklasik %50 oraninda azaltmistir.

Sonug olarak betonarme binalarin tasariminda daha dogru
ve saglikli sonuglar elde edilmesi i¢in zemin sinifinin
dogru bir sekilde tespit edilmesi ve sayisal
hesaplamalarda birlesik deprem etkilerinin ve ek
dismerkezligin dikkate alinmasi gerektigi bu caligmayla
onerilmektedir.
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Anahtar Kelimeler:

Geleneksel Yapim Teknikleri,

Geleneksel Urfa evleri, yoresel malzeme olan kireg taslar1 kullanilarak yigma yapim teknigiyle insa
edilmistir. Bu yapilar, bélgenin iklim ve topografyasina uygun olarak tasarlanmistir. Ancak, gliniimiizde
geleneksel yapim tekniklerine hakim tas ustalarmm azalmasi ve nesiller arasi bilgi aktarimindaki
kesintiler, bu bilgilerin unutulmasia neden olmakta, geleneksel yontemlerle insa edilmis Urfa evlerinin
restorasyonunda ¢esitli sorunlara yol agmaktadir. Bu baglamda, geleneksel Urfa evlerinin insa
tekniklerinin detayli incelenmesi hem restorasyon sorunlarinin ¢oziimiine hem de bu yapilarin kiiltiirel
degerinin siirdiiriilebilirligine katki saglayacaktir. Bu makale, geleneksel Urfa evlerinin temel ve duvar
yapim tekniklerini detayli bir sekilde incelemektedir. Geleneksel Urfa evlerinde temeller genellikle saglam
kaya zemin iizerine inga edilmis, yapiminda ¢ogunlukla yoresel kire¢ tast kullanilmigtir. Temel yapim
yontemleri ¢ok katmanl kiiltiirel yapinin korunmasina da katki saglamistir. Geleneksel Urfa evlerinde

Malzeme, duvar yapim teknikleri ise tas duvarin oriilme bigimine, taslarmn yontulma bigimlerine ve duvarlarin

Urfa, konumlarma goére irdelenerek degerlendirilmistir. Bu kapsamda, geleneksel Urfa evlerinde bulunan ve

Restorasyon zengin birer tasarim Ornegi olan duvar elemanlarinin da detaylarina yer verilmistir. Calisma sonunda,
geleneksel malzeme ve yapim teknigi kullanimmi 6nemine vurgu yapilirken geleneksel evlerin 6zgiin
niteliklerinin korunarak yasatilmasi i¢in oneriler sunulmustur.
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* Sorumlu Yazar

Traditional Urfa houses were built with masonry construction technique using limestone, which is a local
material. These structures were designed in accordance with the climate and topography of the region.
However, today, the decrease in the number of stonemasons who have mastered traditional construction
techniques and the interruptions in the transfer of knowledge between generations cause this knowledge
to be forgotten, leading to various problems in the restoration of Urfa houses built with traditional methods.
In this context, a detailed examination of the construction techniques of traditional Urfa houses will
contribute to both the solution of restoration problems and the sustainability of the cultural value of these
buildings. This article analyses the foundation and wall construction techniques of traditional Urfa houses
in detail. The foundations of traditional Urfa houses were generally built on solid rock ground and local
limestone was mostly used in their construction. Foundation construction methods also contributed to the
preservation of the multi-layered cultural structure. Wall construction techniques in traditional Urfa houses
were analyzed and evaluated according to the way the stone wall was built, the way the stones were
chipped and the position of the walls. In this context, the details of the wall elements in traditional Urfa
houses, which are rich examples of design, are also included. At the end of the study, while emphasizing
the importance of the use of traditional materials and construction techniques, suggestions are presented
for the preservation of the original qualities of traditional houses.
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Giris

Diinyanin en eski yerlesim yerlerinden biri olan Urfa,
tarih boyunca bircok medeniyetin merkezi konumunda
yer almistir. Glinlimiizde ise tarihin sifir noktast olarak
kabul edilen ve UNESCO Diinya Miras Listesi’ne giren
Gobeklitepe’nin  kesfiyle kiiresel 0Olgekte bilinirligi
artmistir.  Roma, Bizans, Emeviler, Abbeasiler,
Selguklular, Eyyubiler ve Akkoyunlular gibi birgok
biiyiik medeniyete ev sahipligi yapmis olan kent, anitsal
ve sivil mimari 6rneklerinin bir arada bulundugu zengin
bir mimari mirasa sahiptir. Urfa’nin tarihi kent dokusu,
artan turizm etkisiyle kapsamli bir restorasyon ve
doniisim siirecine girmigtir. Bu doniisiim siirecinde,
kentin geleneksel mimarisinin en onemli unsurlarindan
biri olan geleneksel Urfa evleri, bolgenin tarihi ve
kiiltiirel kimligini yansitan yapilar olarak 6n plana
¢tkmaktadir.

Tarihi yapilarin restorasyonunda 6zgiin mimari ve yapim
tekniklerinin ~ korunmasi  6nem etmektedir.
Geleneksel Urfa evleri, kentin ¢evresinde yogun olarak

arz

bulunan kire¢ tasi ile yigma yapim tekniginde insa
edilmistir. Bu yapilar, bdlgenin iklimsel ve topografik
ozelliklerine uyum saglayacak sekilde tasarlanmistir.
Glintimiizde geleneksel yapim tekniklerine hakim olan
tas ustalarinin sayisinin azalmasi ve nesiller arasi bilgi
aktariminin kesintiye
uygulamalarinda nitelikli is giicii bulma zorlugunu da
beraberinde getirmistir. Bu durum, geleneksel yapim
teknikleriyle inga edilmis Urfa evlerinin restorasyon
stireclerinde sorunlar yaratmaktadir. Yapilan restorasyon

ugramasi, restorasyon

uygulamalarinda, bilingsiz bir sekilde, ¢agdas malzeme
kullanimma yo6nelmenin de 6zgiin mimari karakterin
bozulmasina neden oldugu gézlemlenmektedir.

Geleneksel yapim tekniklerini anlatan  bilimsel
calismalarin ve yaynlarin azlhigi, geleneksel bilgi
birikiminin gelecege aktarilmasini da engellemektedir.
Mevcut kaynaklarin yetersizligi, restorasyon siireglerinin
bilimsel dogruluktan uzaklagsmasina ve yerel mimari
kimligin zayiflamasina neden olmaktadir. Ancak bazi
restorasyon geleneksel  yapim

teknikleri konusunda uzman az sayidaki tas ustasinin

uygulamalarinda,

aktif olarak calismaya devam etmesi, bu tekniklerin
yagatilmasina ve sonraki nesillere aktarilmasina olanak
tanimaktadir. Bu ustalarin bilgileri, gelecek nesiller igin
biiyiik bir kiiltiirel miras niteligi tasimaktadir.

Urfa’nin tarihi kent dokusunun ve geleneksel yapilarinin
korunmasina yonelik bilimsel
uygulamalarinin yapilmasi gerekliligi, geleneksel yapim
tekniklerine olan ilgiyi artirmistir. Ancak bu alanda

restorasyon

Geleneksel Urfa evlerinde iist katta bulunan eyvanlarim &niinde
yer alan, avluyu yukaridan dolasan ve mekanlar arasindaki
baglantiy1 saglayan iistii acik, ince uzun balkon.
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yapilmis  bilimsel arastirmalar hala yetersizdir.
Geleneksel yapim tekniklerinin ¢agdas malzeme ve
tekniklerle entegrasyonu konusunda daha fazla
aragtirmaya ihtiyag¢ duyulmaktadir. Bu baglamda,
restorasyon siireclerinin bilimsel temellere
dayandirilmasi, tarihi yapilar1 gelecek nesillere saglam

bir sekilde aktarabilmek adina hayati 6nem tagimaktadir.

Bu ¢alisma kapsaminda, geleneksel Urfa evlerinin temel
ve duvar yapim teknikleri incelenmis, 6zgiin malzeme ve

yapim  yontemlerine dair tespitler  yapilmustir.
Incelemeler sirasinda, Ozgiin yapim tekniklerinin
korunmasmin yan1 sira restorasyon siireclerine

adaptasyonunun 6nemi de vurgulanmistir. Bu tekniklerin
giiniimiizde ve gelecekte kullanilmaya devam edebilmesi
amactyla, hayatta kalan en eski tas ustalarinin
uygulamalart yerinde incelenerek geleneksel yapim
tekniklerine dair detayli bilgiler elde edilmistir. Bu
caligma, geleneksel yapim tekniklerinin korunmasi ve
uygulanmasina yonelik 6nemli bir kaynak olusturmay1
amaglamaktadir.

Geleneksel Urfa Evlerinin Genel

Karakteristik Ozellikleri

Geleneksel Urfa evlerinin mimarisi, sosyo-kiiltiirel yapi,
jeolojik Ozellikler ve iklim kosullarmin etkisiyle
bicimlenmistir. Geleneksel Urfa evleri, genis aile
yapisina uygun sekilde tasarlanmis; birka¢ kusak bir
arada yasarken mahremiyeti saglamak amaciyla haremlik
ve selamlik boliimleri olusturulmustur. Evlerin boyutlari,
aile niifusu ve ekonomik durum gibi faktorlere bagh
olarak degiskenlik gostermektedir. Bu evler, cografi
kosullara uygun olarak yigma tas yapi teknigiyle insa
edilmis, kaln duvarlart ve serinligi saglayan acik
alanlariyla bolgenin iklimine uyum saglamistir [1-3].

Geleneksel Urfa evleri, avlu, eyvan, oda, gezenek® ve
servis mekanlarindan olusan iglevsel bir planlama
diizenine sahiptir. Bu evlerde, avlu merkezli bir planlama
anlayis1 benimsenmis; avlu, giinliik yasamin gectigi ve
mekanlar arasindaki baglantiy1 saglayan bir odak noktasi
olarak tasarlanmigtir Cogunlukla dortgen planli olan
avlular; odalar, eyvanlar ve tandirhk gibi birimlerle
cevrilmig, yiiksek sagir duvarlarla sinirlandirilmistir.
Avlularin ortasinda genellikle bir siis havuzu, kuyu ve
bitki yetistirme alan1 bulunmaktadir [1-2] (Sekil 1).

Zemin katta, genellikle avlu seviyesinden birkag
basamak yiiksekte tasarlanan oda, eyvan, tandirlik gibi
giinlik yasam alanlar ile ahir, tuvalet ve ender olarak
hamam gibi servis mekanlart yer alir. Hamamlar,
tandirlik ile baglantili ve genellikle evin iginden ulagilan
bagimsiz birimlerdir. Avlu kotunun altinda bulunan ve
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“zerzembe” adi verilen kilerler, yiyeceklerin sicak
havadan  korunmasimi serin  depolama

saglayan

alanlaridir. Ust katlarda ise odalar, eyvanlar, gezenekler
ve nadiren tuvalet gibi birimler bulunmaktadir [1-3].

Sekil 1: Geleneksel bir Urfa evi

Geleneksel Urfa evlerinin odalari, yazlik ve kislik
kullanim ayrimma gore tasarlanmis, giinliik yasamin
gesitli ihtiyaglarini karsilayacak islevsellikte
planlanmistir. Bu odalar hem giindiiz hem de gece
kullanilabilecek sekilde disiiniilmiis, yerlesim ve
kullanim agisindan oldukga pratik mekanlardir. Odalarin
duvarlarinda, halk arasinda “camhane” olarak bilinen,
yatak ve esyalarin depolanmasi i¢in kullanilan kapakli ya
da kapaksiz gomme nisler yer alir. Bu mimari unsurlar
hem diizen hem de islevsellik agisindan biiyiik nem tasir

[3].

Odalara giriste, oda seviyesinin yaklagik 15-20 cm
altinda yer alan ve kap1 genisligi boyunca uzanan
“gedemeg” ad1 verilen alan, ayakkabilarin ¢ikarildigi bir
gecis bolgesi olarak islev gormektedir. Buradan esas
oturma alanina gegis saglanir. Zemin kattaki odalarin
pencereleri avluya agilirken, iist katta bulunan odalarin
pencereleri hem avluya hem de sokaga bakacak sekilde
yerlestirilmistir. Ozellikle “basoda” olarak adlandirilan
ana odalarda, zengin ahsap siislemelerle donatilmisg duvar
kaplamalar1 dikkat c¢ekmektedir [4]. Bu siislemeler,
odanin statiisiine ve ev sahibinin ekonomik durumuna
gore farklilik gosterebilir ve geleneksel Urfa evlerinin
estetik anlayigini yansitir [1].

Geleneksel Urfa Evlerinde Temellerin

Yapim Teknikleri

Geleneksel Urfa evlerinin insasinda kullanilan temel
yapim teknikleri, zemin kosullar1 ve bolgedeki malzeme
olanaklarina bagl olarak ¢esitlenmektedir. Bu teknikler,
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geleneksel Urfa evlerinin dayanikliligini ve bdlgenin
iklim kosullarina uygunlugunu saglamis, ayn1 zamanda
yapinin uzun dmiirlii olmasina katkida bulunmustur.

Urfa’nin eski kent dokusu kayalik bir zemin iizerine
kurulmustur ve evlerin temelleri genellikle bu saglam
kaya yapisina oturtulmustur. Temel kazisi sirasinda,
onceki  yap1 rastlandiginda, mevcut
temellerin {izerine yeni yapilar insa edilirdi. Bu durum,
Ozellikle arastirma kazilarinda ve sondaj ¢alismalarinda,
birden fazla kiiltiirel katmanin ortaya ¢ikmasina olanak
tanimaktadir.  Ayrica, bazi  evlerin  bodrum
dosemelerinde, bolgenin ¢ok katmanli yapisinin dnemli
bir kanitt olan antik donem yapilarma ait mozaik
kalintilar1 bulunmustur [3] (Sekil 2, 3).

kalintilarina

Temel ingasinda genellikle tas ocaklarinin st
kisimlarindan ¢ikarilan, hava kosullarina daha dayanikli
kireg taslar1 tercih edilmistir. Bu taslar, yerel malzeme
olan kire¢ taginin suya kars1 hassasiyeti dikkate alinarak
secilmistir. Bazi temel yapilarinda ise bazalt tasi
kullanimi da goriilmiistiir. Temelin saglam bir sekilde
oturmasi icin, kaya zeminine ulagincaya kadar kazi
yapilmis; kaya yapisina rastlanmadiginda ise bilyiik
ebath taglar kullanilarak temeller giiglendirilmistir. Bu
taglar, yaklasik 35x45x90 cm veya 35x50x100 cm
biiyiikliiglinde olup tek parga ve kaba yontulmus sekilde
kullanilmustir [3].
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Sekil 2: a. b. Geleneksel bir Urfa evinin avlusunda kazilar
sonucunda ortaya ¢tkan eski donemlere ait yap1
kalintilar

Sekil 3: Urfa tarihi kent dokusundaki geleneksel bir Urfa
evinin bodrum zemininde ortaya ¢ikarilan mozaikler

Temel yapiminda, yapinn yiik dagilimma ve zeminin
dayanikliligina gore farkli yontemler uygulanmustir.
Kaya zeminine oturan temeller daha dar ve yiizeye yakin
olurken, kaya yapisina rastlanmayan bolgelerde temeller
daha genis ve derin yapilmistir.
ulasildiginda, ylizey diizeltilip tarak ve ¢ekic gibi
aletlerle islenerek temel duvarlari i¢in uygun zemin
hazirlanmastir.

Kaya zeminine

Temellerde sadece duvar oriilecek yerlerde hatil yerleri
kazilip doldurulur, odalarin orta kisimlarindaki bosluklar
tas ve toprak ile dolgu yapilip tesviye edilir, lizerine oda
dosemesi yapilirdi.

Blokaj sistemi, temel yapiminin énemli bir pargasi olarak
karsimiza cikar. Bu sistemde, topragin saglam zemine
kadar kazildig1 ¢ukurlara tag dolgu yapilmis ve boylece
yapi ile zemin arasindaki nem, su ve tuz etkileri en aza
indirilmeye calisilmistir. Blokaj yapiminda kullanilan
taslar, genellikle dere kenarlarindan toplanan ve yerel
halk arasinda ‘“cakmak tasi” veya “dere tasi” olarak
bilinen, yaklasik 10-25 cm c¢apinda ve 5-10 cm
kalinliginda dogal taglardir. Bu malzemelerin, zeminin
stkisgmasint ~ ve  temelin  saglamligin1  artirdig:
bilinmektedir [5].
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Blokajin ardindan, temel duvarlarimin alti gamur harci ile
diizeltilir ve tizerine biiyiikk ebathi taglar dizilirdi. Bu
taslar, saglam ve diiz bir temel olusturulmasi i¢in tek sira
halinde yerlestirilirdi. Temelin saglam olmasi i¢in her tas
Ozenle yerlestirilir ve bosluk kalmamasina dikkat
edilirdi. Temel yapilari, tastyict duvarlardan daha genis
yapilir ve yik genis bir alana dagitilarak saglamlik
saglanird1. Ornegin, tastyici duvar 60-70 cm genisliginde
ise temeller genellikle 100-120 ¢cm genisliginde ve 100-
150 cm derinliginde kazilirdi. Temel dolgusu yapildiktan
sonra iizerine 50-60 cm kalinhigindaki
koyulurdu.

“ebatl taslar”

Temel zemininin yeterince saglam olmadig1 durumlarda,
kademe sistemi uygulanir ve duvar genisligine gére 2-3
kademeli temel ayaklari inga edilirdi. Bu kademeler,
yapilarin yiiklerini diizgiin bir sekilde zeminine ileterek
saglamlik saglardi. Ozellikle tonoz ve kemerlerin tagidig
agirliklar g6z Oniinde bulundurularak, ayaklar ve
revaklarda siitunlarin altina kademeli basamakli temeller
yapilirdi.

Temel yapimmin son asamasinda, diizgiinlestirilmis
zeminin iizerine yap1 temelleri, moloz tas 6rgii sistemiyle
insa edilirdi. Caplanmis moloz taslar diizgiin bir sekilde
oOriiliir, aralarina kiiglik moloz taglar1 ve ¢amur harg ile
dolgu yapilirdi. Zemin kotu altinda kalan bu moloz tas
duvarlar, olduk¢a saglam ve dayanikliydi (Sekil 4).
Temel duvarlarinin tizerlerine ise, yiik tasiyici kaba veya
ince yonu taslar yerlestirilerek saglam tasiyici duvarlar

olusturulurdu.

Sekil 4: Moloz temel duvari

Temel duvarlarinin {izerine, diizgiin bir zemin
olugturacak sekilde tesviye edilmesinin ardindan, yapimin
tastyict duvarlarmm yapimina gegilir, kaba veya ince
yonu taglarla “tasryict duvarlar” insa edilirdi. Bu tasiyici
duvarlarin saglam temeller {izerine oturmasi, binanin
dayanikliligini artirir ve yapmin uzun dmiirlii olmasini
saglardi. Diizgiin bir duvar tabani olugturmak i¢in, moloz

temel duvarlarin {izerine biiyiik boyutlu taglar dikkatlice
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dizilirdi. Daha sonra yapmin tasiyict duvarlarinin
oriilmesine gegilirdi.

Geleneksel Urfa evlerinde, temel ve bodrum Kkatlarda
kullanilan teknikler dogal su ve nem yalitimi saglardi.

Kireg taglarinin hava gegirgenligi ve duvar orgiisiinde
kullanilan teknikler, temellerde olusabilecek rutubet ve
nemin uzaklastirilmasini saglardi (Sekil 5).

Ince Yonu Tas

Moloz Tas Dolgu

Baglayict Harg

(Toprak, Kiil Kireg, Kendir ipi ve Su)

[

AvluDéseme Kotu

Moloz Tag
Moloz Tas Dolgu
Baglayiar Kireg Harg

=

[ i KL

RN
Moloz Tag Temel Duvan [ SRS
(Cift Sira)

Temel Alt Tast

Ince Y o1 Tas Duvir
(Cift Sira)
—TasDaseme
—Camur Harg l
+-—Moloz Tas Dolgu

OdaDiseme Kotu

Bodrum(Zerzembe)
Dé

2 Kotu ]

(Duvar Tabani)

Temel Dolgusu + Toprak

N PRI IIY 7
NN 4

(Elenmis Toprak, Kiil Kire¢/Kireg ve Su)

O LIS B

Camur Harg Zemin —

Blokaj (Tas Dolgu) —
Siksstilmig Toprak —
Dogal Zemin —

Sekil 5: Geleneksel Urfa evlerindeki temel ve duvar sistemi (Gayberi, 2019)

Geleneksel Urfa evlerinin insasinda en sik kullanilan
har¢ malzemesi “kiil kire¢ harci” idi. Temel yapiminda
da har¢ malzemesi olarak kullanilan kiil kire¢ harci; kiil
ve kireg karigimiyla (kiil kire¢ karisimi) elde edilir ve tas
tozu (kireg tasi tozu) ve su ile karistirilarak kullanilirdi.
Kiil kire¢ harci; dzellikle hamam ocaklarinda (kiilhan)
yakilan kireg¢ taglarinin ates etkisiyle dokiilmesiyle elde
edilen kiil ile karistirilan kirecten iiretilirdi. Kireg taglar
kiilhanin icine dizilir, taglar yandik¢a dokiilen parcalar
kil ile kanigtirtlir ve disarida elenerek yabanci
maddelerden armndirilip ince bir malzeme haline
getirilirdi. Bu malzeme “kiil kire¢” olarak adlandirilird

ve tas tozu ile su karistirilarak harg haline getirilirdi. Kiil
kire¢ harci, tas tozu ve su ile karstirilarak
kullanilabilecegi gibi sadece kil kire¢ ve su karigimiyla
da elde edilebilirdi.

Evlerin temellerinde kullanilan kiil kire¢ harci, temel
duvarlarinin  dayaniklihigmi artirir ve yapr Omriind
uzatirdi. Bazi durumlarda ise, temel insasinda “camur
harct” da tercih edilirdi. Camur harci, toprak, kire¢ ve
suyun karigtirilmasiyla elde edilir ve genellikle temel
dolgusunda akigkan bir harg olarak kullanilirdi. Bu ¢amur
har¢, temel dolgusundaki moloz
sekilde dokiilerek

taglarin arasina

inceltilmis taglarin  arasindaki
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bosluklarin tamamen doldurulmasini saglardi. Bu harg
taglarin arasma niifuz ederek temel duvarlarinin
saglamligmi artirirdi.  Kimi  yapilarda ise, temel
duvarlarinin orgiisiinde kiil kire¢ harci kullanilirken,
temel dolgusunda camur harct tercih edilirdi. Bu
yontemler, yapiin hem dayanikliligini hem de bolgenin
iklim kosullarina uyumunu saglardi [3].

Geleneksel Urfa Evlerinde Tas Duvarlar ve
Yapim Teknikleri

Geleneksel Urfa evlerinde duvarlar; 6rgii sistemine gore,
taslarin islenmislik durumlarina gére ve bulunduklar
yere gore incelenmistir.

Orgii Sistemine Gére Duvarlar

Duvarlar, orgii sistemine gore, tek cidarli duvarlar
(misafat duvarlar) ve {i¢ cidarli duvarlar (sandik duvarlar)
olarak ikiye ayrilir.

Tek Cidarh Duvar

Tastyict nitelige sahip olmayan tek cidarli duvarlar,
genellikle ayirict elemanlar ya da i¢ mekan bolme
duvarlar1 olarak tercih edilmektedir. Bu tiir duvarlar, tek
bir sira halinde insa edilmekte olup herhangi bir dolgu
malzemesi ile desteklenmemektedir. Tek cidarli duvar

‘il

.~v

!_,

!

I e

_

yapiminda, yiizeyleri diizgiin yontulmus kesme taslar
kullanilmaktadir. Urfa’da halk arasinda bu duvarlara
“misafat duvar” denir ve kullanilan diizgiin kesme taglar
da “misafat tasi” olarak bilinir. Misafat taslarinin
yaklagik boyutlari derinlik 15-25 cm, yiikseklik 25 cm ve
uzunluk 50 cm olacak sekilde belirlenmistir. Bu duvarlar
genellikle ayirici (boliicii) duvar olarak kullanilmakla
birlikte, bazi durumlarda tasiyici duvar iglevi de
gorebilir.

Kesme taglardan yapilan tek cidarli duvarlarda, ¢ok ince
bir harg (1-2 mm) ile taslar birbirine baglanird: (Sekil 6).
Harg, kireg, beyaz toprak ve su karisimindan elde edilen,
macun kivamindaki kire¢ harcidir. Tek cidarli duvarlarda
taglarin yan ylizeylerine “kiliink” denilen “serbet
kanallar’” agilir ve arasina “serbet harci” dokiiliirdii.
Serbet harci; kirmizi, siyah veya beyaz kumun ince elekte
elenip, yaklagik olarak yarisi kire¢ yarisi elenmis kum
olacak sekilde su ile karistirilip akiskan bir harg olarak
hazirlanan malzemedir. Kirmizi kum, dere kenarlarmndan
elde edilir, siyah kum Firat Nehri’'nin bulundugu
bolgeden alimirdi. Beyaz kum ise kire¢ tasmin
ezilmesi/6gitilmesiyle  elde  edilirdi.  Kirmizi

kum/toprak, Urfa’da eski ustalar arasinda ‘felhan”
olarak adlandirilmaydi.

Sekil 6: a. b. I¢ mekéanlarda kullanilan “tek cidarli duvar” 6rnekleri

Ug Cidarh (Sandik) Duvar

Ug cidarl duvarlar, tasiyict duvar olarak kullanilmakta
ve halk arasinda  “beden  duvari”  olarak
adlandirilmaktadir. Bu duvarlarin kalinliklart bulundugu
yere ve tasidig1 yiike bagl olarak degisir. Zemin katlarda
duvar kalinlig1 120 cm’ye kadar gikabilirken, tist katlarda
bu kalinlik 60-100 cm arasinda degismektedir. Ug cidarli
duvarlarda, her iki yiizde kullanilan ince yonu veya kaba
yonu taglar, ortadaki moloz tas dolgusuyla birlesir.
Taglarin ebatlart; derinlik 12-25 cm, yiikseklik 20-32 cm
ve uzunluk 25-80 cm arasinda degisir. Ortadaki 20-60
cm’lik dolgu kismi ise moloz tag ve harg ile doldurulur
(Sekil 7).
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Ug cidarh duvarlarda, taslar arkadaki moloz dolguyla
har¢ yardimiyla baglanir. Moloz dolguda kirmizi toprak
(felhan) ve su karigimindan elde edilen “camur harg”
kullanilirdi ve bu harca baglayiciligi artirmak igin kiil
kire¢ malzemesi eklenirdi. Ayrica, bazi uygulamalarda
harca  “kendir  ipi”  dogranarak  baglayicilik
giiclendirilirdi. Moloz dolgular bir sira moloz tas ve bir
sira harg seklinde uygulanirdi.

Bu duvarlarda, genellikle serbet kanallar1 agilmasina
gerek duyulmazdi. Ancak, bazi yapilarda ince yonu
taglarin iki yanina tarakla serbet kanallar1 agilarak serbet
harct dokiiliirdii. Taglarin birbirini daha iyi tutmast igin,
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taglarin i¢ kisimlari murglanarak piiriizlii hale getirilir ve
orgiiye daha kolay yerlesmesi saglanirdi. Taglarin kisa
kenarlarma iceri dogru egim verilerek tag-harg
tutuculugu artirilird: (Sekil 8).

Sekil 7: Ug cidarli duvar yapim asamalar1

Moloz tas ile yapilan ii¢ cidarli duvarlar genellikle
yapinin temel duvarlarinda ve girig katinda, gorsel agidan
onem tagimayan bolimlerde uygulanmistir. Temel
duvarlar1 Dbittikten sonra zemin kotundan 1-2 sira
asagidan ti¢ cidarli duvar oriilmeye baslanirdi.

024) Sayfa 1003-2020
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Sekil 8: a. Geleneksel Urfa evinde yapilan ii¢ cidarlt bir
duvar kesiti ve b. Yonu tasin duvar igerisindeki
goruntiisi

Bu duvarlar oriiliirken, bazi taglar uzunlamasina moloz
dolgunun igine yerlestirilirdi. “saplama tas” veya “kenet
tasi” olarak adlandirilan bu taglar, duvarin stabilitesini
saglamak i¢in belirli araliklarla kullanilirdi. Yaklasik 25
cm yliksekliginde, 30-40 cm genisliginde ve 50-60 cm
uzunlugundaki bu taglar, duvarin ig¢ine uzunlamasina
yerlestirilerek hatil gorevi goriirdii (Sekil 9). Bu taslarin
duvarm i¢ine dogru yontulup diger taglardan daha derin
yerlestirildigi goriilmektedir. Bu yontemle, duvarin
saglamlastirilmasi hedeflenirdi [6].

ince yonu :
kirag tag! :
saplama : T
tag i i -
. g
- . J/
: hatg KOGk moloz
nce yonu taglar
Kireq tag1 :
Plan
Kiglk g
meloz I “ I
taglar
saplama a5
ta5
< —> :
R UUTTUROTTIOOONY FOTTURRR [ |
Kesit Goronig

Sekil 9: Ug cidarli duvar detay1 ve saplama tas detay gériiniisii (Gayberi, 2019)

Taslarn islenmislik Durumlarina Gore Duvarlar

Ic mekéanlarda tonoz baslangi¢ seviyesine kadar olan
duvarlar ve avluya bakan duvarlar, ince yonu taglarla
Orilmistiir [7]. Evlerin sokaga bakan zemin kat
duvarlarinda ve avlu duvarlarinin sokaga bakan alt
kisimlarinda genellikle 6zen gosterilmemis moloz tas
veya kaba yonu tas Orgii duvarlar yapilmistir. Ayrica,
bazi temellerin moloz tas duvarlardan yapildig1 tespit
edilmistir (Sekil 10).
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Moloz Tas b/c- Kaba Yonu Tas d- ince Yonu Tas e/f-
Kesme Tas

Moloz Tas Duvarlar

Moloz taslarin kaba bir sekilde koseleri diizeltilerek
diizensiz bir 6rgii sistemi ile inga edilen duvarlara “moloz
tas duvar” denir. Bu tiir duvarlarda, taslarin diizgiin
ylizeyli olmamasi nedeniyle farkli boyut ve bicimlerde
taglar kullanilir ve taslar harg ile bir arada tutulur. Moloz
tas duvarlarm kalinliklar1 genellikle en az 50 cm olarak
uygulanir [7].

Duvarlar igerisine moloz dolgu yapilir ve baglayici
malzeme olarak kiil kire¢ harci tercih edilirdi. Moloz tas
duvarlar bazen sivasiz birakilir, baz1 durumlarda ise kiil
kire¢ ya da kendir sivasi ile sivanarak kullanilirdu.

Geleneksel yapim tekniklerinde, bu duvarlar genellikle
temel duvarlarinda, giris katinda gériinmeyen kisimlarda,
tagtyict duvarlarda, avlu duvarlarinin sokaga bakan
ylizlerinde ve i¢ drgiide kullanilmigtir (Sekil 11).

Sekil 11: Moloz tas duvar drnegi

Kaba Yonu Tas Duvarlar

Kaba yonu tas duvarlar, goriinen yiizeyleri tarak aleti ile
diizeltilerek dikdortgene yakin bir sekil verilen taslarin
diizgiin 6rgiili bir sistemde kullanildig1 duvarlardir. Bu
tiir duvarlar, moloz tasg duvarlardan farkli olarak yatay tas
siralarinin daha diizenli olmasiyla ayirt edilir. Taslar
genellikle ayn1 yiikseklikte dizilirken, boyutlar
degiskenlik gosterebilir [7]. Kaba yonu tag duvarlarda da
baglayic1 malzeme olarak kiil kire¢ harci kullanilmustir.

Bu duvar tiiri, zemin kat avlu ve sokak duvarlarinda
siklikla tercih edilmistir (Sekil 12).
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Sekil 12: Kaba yonu tag duvarlar
ince Yonu Tas Duvarlar

Ince yonu tas duvarlar, tarak aleti ile goriinen
ylizeylerinin dikkatlice diizeltilerek, diizgiin ve keskin
koseli taglarla inga edilen duvarlardir. Bu tiir duvarlarda,
dikdortgen sekilli taslar kullanilarak, diizgiin yiizeyler
olusturulur ve yatay tas siralart ayni yiikseklikte olurken,
taglarin boyutlar1 degiskenlik gosterebilir [7].

Duvarlar diizenli bir orgii sistemine sahip olup yatay
derzler kesintisiz, derz araliklar1 ise oldukga diizenlidir.
(Sekil 13). Geleneksel Urfa evlerinde ince yonu tas
duvarlarin Orgiisiinde kire¢ tast tozu, kire¢ ve su
karigimiyla elde edilen kireg harci ince bir tabaka halinde
kullanilirdi. Bu duvarlarda siva yapilmaz, dogal goriinim
korunurdu. I¢ mekanlarda, tonoz seviyesine kadar
duvarlar sivasiz, tonoz baslangicindan itibaren kendir ya
da kiil kire¢ sivas1 uygulanirdi. Ince yonu tas duvarlar
hem zemin katta hem de {ist katlarda, 6zellikle avluya ve
sokaga bakan cephelerde kullanilmistir.

Sekil 13: Ince yonu tas duvar 6rnegi

Geleneksel Urfa evlerinde kullanilan ¢ cidarli tas
duvarlarin insasinda, tas bloklar arasindaki baglayici
malzeme olarak genellikle kire¢ harci tercih
edilmekteydi. Bu harg; kireg tasi tozu (beyaz ince kum),
kire¢ ve suyun karisimiyla olusturulurdu. Kireg harct,
macun kivamina getirilerek kesme taslarin arasina ince
bir tabaka halinde siiriiliirdi. Ayrica, bazi durumlarda



DUJE (Dicle University Journal of Engineering) 15:4 (2024) Sayfa 1003-2020

baglayic1 malzeme olarak kil karisimli kire¢ harci da
kullanilirdi. Duvar 6rme islemi sirasinda, duvarin iki
ucuna gerilen bir ip yardimiyla tas siralar1 hizaya alinir
ve derzlerin diizglin olmas1 saglanirdi. Taglar arasindaki
kiigiik bosluklar harg ile doldurularak kapatilirdi. Keser
ile sekillendirilen taglarin yan yiizeylerinin piiriizlii (disli)
olmasi, taslarin birbirine sikica kenetlenmesini saglard.

Kesme Tas Duvarlar

Kesme tas duvarlar, tiim ylizeyleri tarak aleti veya tas
kesme makineleri ile islenerek diizglin bir dikdortgen
prizma formu kazandirilan taslarin 6rgiide kullanildig:
duvarlardir [7]. Kesme taglar derzli veya derzsiz olarak
orilebilir. Geleneksel Urfa evlerinde,
yapimminda taslar arasinda 1-2 mm’lik ince bir harg
tabakast kullanilarak taglar birbirine sikica baglanir,
boylece c¢atlama riskleri azaltilirdr (Sekil 14). Bu
duvarlara halk arasinda “ak¢e ge¢mez duvar” da denir.

derzsiz duvar

Derzli duvarlarda 7-8 cm uzunlugunda ve 1 cm ¢apindaki
demir ¢ubuklar taglar arasinda bogluk birakmak i¢in yan
yana gelerek iki tagin arasina konulur, sonrasinda derzler
harg ile doldurulurdu. Kesme tag duvarlarda da kullanilan
harg; kire¢ ve su karigimindan olusan kire¢ harcidir.
Geleneksel uygulamalarda, taslarin ylizeyleri birbirini
tam tutmadiginda testere ile diizeltilerek taslar birbirine
kilitlenirdi.

Kesme tas duvarlarda, taslarin iki yanina tarak aletiyle
acilan serbet kanallarindan dokiilen serbet harci
kullanilarak taslarin birbirine baglanmasi uygulamasi
gecmiste yaygin olarak tercih edilmistir. Ancak, genis
moloz dolgu ile desteklenen kesme tas duvarlarda, taslar
arasinda  serbet kanallar1  acilmasi  gereksinimi
bulunmamaktadir.

RLEERrErrrr pas vy s ovr y o vl

Sekil 14: Kesme tas duvar drnegi (Sanlurfa Mutfak Miizesi-Hacibanlar Evi)

Bulunduklar: Yere Gore Duvarlar
Sokak Duvarlari

Geleneksel Urfa evlerinde, avlu duvarlan
siislemelere sahipken, sokaga bakan duvarlar daha sade
ve islevseldir. Sokak duvarlar1 genellikle moloz, kaba
yonu ve ince yonu taglardan insa edilmistir. Bazen bu tas
tiirleri birlikte kullanilir; alt kisimlar moloz tas, st

kisimlar ise kesme tas olabilir. Sokak duvarlari disaridan

zengin
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avlunun i¢inin goriilmesini engelleyecek yiikseklikte
yapilmistir (Sekil 15).

Sokak duvarlarinda; avlu kapilari, zemin kat pencereleri,
ust katlardaki sokaga bakan pencereler ve ¢ikmalar
bulunur. Cikmalar ve kabaltilar, sokak cephelerine
zengin bir goriinlim kazandirir. Ayrica, ev sahibinin
ekonomik durumu ve evin biiyiikligine bagl olarak
oldukca gorkemli avlu kapilari, sokak duvarlariin 6ne

¢ikan 6nemli bir mimari 6gesidir.
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Sekil 15:Urfa tarihi kent dokusunda sokak duvarlari

Avlu Cephe Duvarlarn

Evlerin avluya bakan duvarlari sokak duvarlarina kiyasla
daha hareketlidir. Biiyiik ailelere ait evlerde, kapi,
pencere ve eyvan kemerleri gibi dgelerle birlikte cesitli

tas bezemeleri zengin bir mimari Avlu
duvarlarinda ayrica, kuglarin yuva yapmasi igin yapilan
ve “kus takasi” olarak adlandirilan nisler ile pencere
istlerindeki ~ madalyon  seklindeki  havalandirma

pencereleri dikkat ¢eken 6zglin elemanlardir (Sekil 16).

sunar.

Qq} »ﬁ»\ga,\ém

Sekil 16: Geleneksel Urfa evlerinde avlu cepheleri
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Ayiric1 Duvarlar- i¢ Duvarlar

Tastyict olmayan tek cidarli duvarlar, genellikle ayiric
veya i¢ duvarlar olarak kullanilir. Bu duvarlar tek sira
olarak oriiliip dolgu kullamlmaz (Sekil 6). Ug cidarli
duvarlara gore daha zayif bir yalitim saglarlar. Bazen
avlu duvarlari tek sira yapilirken, alt kisimlart ti¢ cidarh
duvar, iist kisimlari ise tek sira olarak insa edilirdi.

Ayirict tek cidarli duvarlar, genellikle 15-30 cm
kalinliginda olup yik tasima kapasiteleri oldukca
yiiksektir. Ancak, st ortiideki ahgap kiriglerin tasindigi/
desteklendigi yerlerde ii¢ cidarli duvarlar tercih edilirdi.

Cumba Duvarlan

Geleneksel Urfa evlerinde, parsellerin diizensiz
olmasmdan dolay1 iist katlardaki bazi odalar sokaga
dogru “cikma” yapar (Sekil 17). Cikmalarmn yapildig: i¢
mekanlar “cumba veya cardak” olarak

adlandirilmaktadir. Cikmalar, sokagi daha iyi goérebilmek

Cumbalarn tagiyic sistemlerinde kullanilan tag bingiler,
kalinliklart 125 cm’ye kadar ulagabilen ana duvarin i¢ine
en az licte biri kadar yerlestirilmis birkag sira tag bingiden
olusmaktadir. Bu taglar, 15-25 cm araliklarla birbirinin
iizerine kaydirilarak yerlestirilir. Cikmanin en altindaki
bingi tagi, tastyici duvara yaklagik 20-25 cm kadar
saplanir. Uzunlugu yaklasik 50 cm olan bu tasin iizerine
yerlestirilen ve uzunluklari giderek artan diger bingi

Sekil 17: Cikma duvarlar1 (Cumbalar) ve bingi taslart
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ve Ust katta daha diizgiin mekanlar elde etmek igin
yapilir. Bu yapilan ¢ikmalarin altinda yer alan “fag
konsollar  ve  kemerler”,  sokak  cephelerini
hareketlendirir. Bazi evlerde ¢ikmalar, sokagin iizerinde
tonozlu kabaltilar olusturacak kadar uzundur.

Geleneksel Urfa evlerinde cumbalar; tas konsollarin
tasidigi, agirlik binmemesi igin tek cidarli duvarlar ile
yapilmis, tas konsollarin (tas bingilerin) ve ahsap
hatillarin/metal profillerin olusturdugu bindirme teknigi
kullanilan  tasiyict ~ sistemlerdir  (Sekil 18, 19).
Cumbalarm iizerine yapilan duvarlar (cumba duvarlari),
tag konsollarla desteklenmis ve agirlik binmemesi i¢in
tek cidarli duvarlar seklinde yapilmistir. Ana tastyici
sistemini, kalin tagiyici duvarlara yerlestirilen tas bingiler
ve ahgap hatillar olusturur. Taglar birbirinin iizerine
kaydirilarak konsol yapilir, en alt bingi tasi duvara

saplanir. Cumbalarm iizeri ahsap sagak veya toprak dam
ile ortilir.

taglari, birbirlerinin Oniine dogru yaklasik 25 cm
kaydirilarak konsol olusturur. Yan yana 50-80 cm
araliklarla yerlestirilen tas bingiler, kemerlerle birbirine
baglanir ve ¢ikmanin agirligy, kemerler araciligiyla iki
yandaki tas bingilere (basamaklara) aktarilmaktadir.
Basamaklarin say1st genellikle ii¢ ila bes arasinda degisir.
Cumbalarin dosemeleri iizerine tek sira tas duvarlar
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oriilerek tamamlandiktan sonra, {ist kisimlar ahgap sagak
ya da toprak damla kapatilmaktadr.

Cumba pencereleri, evlerin birbirini goéremeyecegi
sekilde konumlandirilmistir. Genellikle yan duvarlara
birer pencere agilir, uygun oldugu durumlarda ise 6n
cepheye de birkac pencere yerlestirilirdi.

Geleneksel Urfa evlerinin sokaga bakan cepheleri
oldukga yalin yapilmistir. Buna ragmen sokaga bakan

cephelere, ¢ikma Ogesiyle zenginlik katimistir. Bu
cikmalarda bulunan siislemelerin 6zgiin karaktere sahip
olmasi, ¢gikmalarin kademeli bigimde olmasi, ahsap ve tas
malzemelerin ~ birlikte  kullamlmasi,  bingilerin
gecislerinde sarmal motiflerin yer almasi ve siisleme
kusaklarmin bulunmasi bu ¢ikmalarin 6zgiinliigiine katk1
sunmaktadir [8].

TAS KONSCL DETAYI

o nllg

tagn
duvan

yonu kireg
tag

duvars —
sl snan
konsal l2g
konsol tagt
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Sekil 18: Geleneksel Urfa evlerinde uygulanan bir ¢ikma/tas konsol detay1 (Gayberi, 2019)

KONSOL DETAYI

= '
[ |
| I —““:;‘., |
1 [Fibss |
— | || |
T ] |
[ ]L we - —r-u--l
| — | Fed |

1 | TERAS

~a

Sekil 19: a. Cumba duvari, b. Cumba altinda bulunan tag konsol detay ¢izimi (Gayberi, 2019)

1014



DUJE (Dicle University Journal of Engineering) 15:4 (2024) Sayfa 1003-2020

Duvar Elemanlarimin Yapimi
Nis (Camhane)

Geleneksel Urfa evlerinde, odalarin duvarlarina
yerlestirilen ve “camhane” olarak adlandirilan gémme
nisler, kapakli veya kapaksiz sekilde tasarlanmistir.
Evlerin kalin duvarlari, 6zellikle eyvan ve odalarda bu
niglerin olusturulmasina elverigliydi. Nisler, evin ingasi
sirasinda duvarlar Oriiliirken birakilan bosluklar ile
olusturulurdu ve genellikle oda duvarlarinin  dort
tarafinda da yer alirdi. Mimari olarak, biiyiik kemerli bir
nisin her iki yaninda daha kiigiik nigler olacak sekilde bir
diizenleme yaygindi. Cogunlukla sagir duvarlarda yer
alan bu nisler, bazen de iki pencere arasinda veya bir

pencerenin iki yaninda konumlandirilirdi. Ustii diiz olan
ender 6rnekler de mevcuttur. Daha biiyiik boyutlu olan
ve “yiikliik” olarak adlandirilan nisler ise yatak, yorgan
ve yastik gibi egyalarin saklandig: alanlardi. Bu nisler
genellikle kemerli olup ortada yiiksek, iki yaninda ise
daha algak olacak sekilde farkli sekillerde tasarlanmigtir
(Sekil 20, 21).

Nislerin ahsap kapaklari, camli, aynali, siislemeli ya da
sade sekilde yapilirdi. Bazi evlerde kapaksiz olan nisler,
perde ile kapatilirdi. Ekonomik durumu iyi olan ailelerde,
ozellikle eyvanlarda arka duvarda yer alan nislerin
kenarlarinda ve kemerlerinde &zenle islenmis tas
bezemeler dikkat cekmekteydi (Sekil 21).

Sekil 20: Geleneksel Urfa evlerinde Nis (Camhane) 6rnekleri
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PENCERE - Ni$ DETAYI - E MELEKLER EVi
———————————————————————— 1

Peacere ve faiinde
bulunan abap
kepenke

— ahyap duvar baplamas:
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Sekil 21: Camhane-nis ve ahsap kepenkli pencereler
(Gayberi, 2019)

Doner Dolap (Yemek Servis Dolabr)

Geleneksel Urfa evlerinde, haremlik boliimiinden
selamlik  bolimiine yemek servisi  yapilirken
mahremiyetin korunmasi amaciyla kullanilan bir duvar
elemanidir. Ddner dolaplar, genellikle haremlik
avlusundan selamlik boliimiine, avluya veya gezenek adi
verilen bolimlere acilirdi. Ahsap malzemeden yapilan bu
elemanlar, silindirik formda olup tamamen agik veya
kismen kapali ve iki kath olarak tasarlanirdi. Duvar
icerisine monte edilen dolap, alt ve {ist kisimlardan
sabitlenir ve kendi ekseni etrafinda donecek sekilde
yerlestirilirdi. Dolabin raflarina  konulan tabaklar,
dolabin dondiiriilmesiyle diger tarafa iletilir, bu tabaklar
daha sonra selamlik bdliimiine taginmak iizere tepsilere
yerlestirilirdi (Sekil 22).

Sekil 22: geleneksel bir Urfa evinde “Déner dolap (Yemek servis dolabi)”

Kus Takalan

Geleneksel Urfa evlerinin avlu cephelerinde, oda
pencerelerinin iist kotunda veya gezenek konsollari
arasinda yer alan, kuslarin yuva yapmasi ve barinmasi
icin tasarlanan nisler, mimaride “kus takasi” olarak
adlandirilmaktadir.  Bu  nigler, elips, dikdortgen,
madalyon ya da dairesel formlarda diizenlenmis olup
bazi orneklerde t¢lii kompozisyonlar halinde de
goriilmektedir. Tekil bir nis olarak tasarlandiklar1 gibi,

daha biiylik bir ana nis igerisinde birden fazla kii¢iik nis
barindiran varyasyonlar da mevcuttur. Urfa yerelinde bu
mimari elemanlara  “matar” ismi  verilmektedir.
Geleneksel Urfa evlerinde kus takalari, hayata (avluya)
bakan oda pencerelerinin iistiinde veya avlu duvarlarinda
birka¢ adet ve dikey sekilde yapilirdi. Ayrica avlu
duvarlarindaki konsollarin arasinda da sira halinde
kuslarin yuva yapmasi i¢in kus takalar1 yer alirdi.
Takalarin etrafinda tas siislemeler ve motifler bulunurdu
[9] (Sekil 23).

~--
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Sekil 23: Kus takast “Matar” 6rnekleri

DUVAR ELEMANI - KUYU VE MATAR DETAYI
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Sekil 24: Su kuyusu ve tizerindeki “Matar” detay ¢izimi (Gayberi, 2019)

Ocaklar ve Bacalar

Geleneksel Urfa evlerinde, mutfaklarda bir veya birden
fazla ocak bulunur (Sekil 25). Bu ocaklar, tek bir bacaya
baglanir (Sekil 26). Kesme tas ile insa edilen ocaklar,
dikdortgen planli ve basik kemerli olarak yapilmustir.
Ocaklarin i¢inde, biiyiik kazanlari oturtmak igin tastan

yiikseltiler yapilirdi. Mutfaktan dama uzanan bacalarin

duvarlarinda, hava sirkiillasyonu saglamak amacryla
kiiciik pencereler agilirdi. Bazi geleneksel Urfa evlerinde,
mutfaktan gecilen bir kap1 aracilifiyla hamamlara
ulastlird. Ocaklarda sitilan su hamamlarda kullanilir,
ayrica ocakta yanan atesin 1sisindan hamamin 1sitilmasi
icin de yararlanilird.

Sekil 25: Mutfak ocaklar1 a. Iki gozlii ocak, b. Tek gozlii ocak
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Sekil 26: a. Ocak, b. Ocak igerisindeki baca boslugunun igten goriniimii

“Kim O” Takas1 (Gezenek Takasi)

Sokak kapisina gelen kisiyi gormek amaciyla kullanilan
ve gezenekten sokaga acilan kiigiik pencereler, mimari
literatiirde “kim o takasi” veya “gezenek takast” olarak
bilinmektedir (Sekil 27). Bu pencereler, bir kisinin basini
disar1 rahatlikla ¢ikarabilecegi boyutta tasarlanmustir.

Bazi geleneksel Urfa evlerinde bu takalar kemerli bir
formda, bazilarinda ise duvar iginde olusturulmus basit
bir bosluk seklinde insa edilmistir [1]. Ayrica, birgok
geleneksel evde, bu pencerelerin Oniine mahremiyet
saglamak amaciyla ahsap kafesler eklenmistir.

Badgir (Riizgar Yakalayicilari)

Riizgar yakalayicilar, dogal havalandirma saglamak
amaciyla tasarlanan geleneksel yap1 elemanlaridir.

Urfa’da “badgel” olarak da adlandirilan bu riizgar
yakalayicilar, ozellikle sicak hava kosullarina karsi
eyvanlarin havalandirilmasi  ve sogutulmasi igin
kullanilan fonksiyonel ve mimari bir 6ge olarak dikkat
ceker [10] (Sekil 28, 29).

Baca formunu andiran badgellerin bir ucu evin daminin
iizerinde, diger ucu ise alt kattaki eyvanlardaki niglere
uzanir. Dam tizerindeki badgelin {ist kismindan giren
rlizgar, niglerin i¢cinde bulunan dikey kanallar araciligiyla
hava akis1 saglar (Sekil 29). Riizgar hizinin artmasiyla
kanallardan igeriye tasinan hava miktar1 artar ve bu
sayede i¢c mekanlar sogutulur. Riizgarin az oldugu veya
hi¢ olmadig1 durumlarda ise, i¢eride 1sinan havanin disari
atilmasiyla tek yonli sogutma mekanizmasi devam eder
[11-12].

Sekil 27: Kim o takast (Gezenek takasi) a. Avludan goriiniis, b. Sokaktan goriiniis
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Sekil 29: “Riizgar yakalayicilari (badgir)” nin sokaktan ve damdan goriiniisii [10].

Genel Degerlendirme ve Sonug

Bu calisma, 6nemli bir kiltiirel miras unsuru olan
geleneksel Urfa evlerinin, temel ve duvar yapim
tekniklerini ayritili bir sekilde belgeleyerek, mimari ve
yapisal analiz siireclerine bilimsel bir katki sunmusg; bu
baglamda geleneksel yapi tekniklerinin korunmasi ve
gelecek nesillere aktarilmasina yonelik bir bilgi kaynag:
olusturmustur.

Geleneksel Urfa evlerinin yapiminda kullanilan teknikler
ve malzemeler iizerine mevcut literatiiriin sinirli olmasi,
bu yapu kiiltiiriine iliskin bilgilerin zamanla unutulmasina
yol agmistir. Calisma kapsaminda, geleneksel kent
dokusunda 6zgiinliigiinii koruyabilmis bircok Urfa evi
yerinde incelenmis ve temel ile duvar yapim teknikleri,
kullanilan malzemeler detayli sekilde belgelenmistir.
Bazi yapilarda 6zgiin mimari detaylarin giiniimiize kadar
ulasmis  olmasi, gegmis yapim  tekniklerinin
anlagilabilmesi agisindan biiyiik 6nem tagimaktadir.

Urfa’daki mimari yapmin sekillenmesinde yap1
ustalarinin  oynadigt  kritik rol, geleneksel Urfa
mimarisinin olusum siirecinde belirleyici olmustur.
Ancak giiniimiizde geleneksel yapim tekniklerine vakif
olan usta sayisinin kayda deger olgiide azaldigi tespit
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edilmistir. Ozellikle Urfa'da yiiriitiilen restorasyon
projelerinde ¢alisan tas ustalarinin biiylik ¢ogunlugunu
Suriye'den  gogle  gelen ustalarin  olusturdugu
gozlemlenmistir. Bu durum, yerel zanaat bilgisinin
kaybolma tehlikesiyle karsi karsiya oldugunu ve
geleneksel  yapim  tekniklerinin  yeni  nesillere
aktarilmasinda  ciddi  bir  bosluk  yasandigim
gostermektedir.

Geleneksel  Urfa  evlerinde  kullanilan  yap
malzemelerinin ve yapim tekniklerinin arastirilarak
belgelenmesi, bu bilgilerin tarihi yapilarin restorasyon
stireglerinde degerlendirilmesi agisindan biiylik bir 6nem
tagimaktadir. Bu  aragtima, geleneksel iiretim
yontemlerinin ve unutulmaya yiliz tutmus yapim
tekniklerinin yeniden canlandirilmasi ile bu tekniklerin
modern restorasyon uygulamalarina entegre edilmesine
onemli  katkilar sunma potansiyeline  sahiptir.
Giiniimiizde, bazi hatali restorasyon uygulamalarina
ragmen, kimi uygulamalarda geleneksel yapim
tekniklerinin kullanilmasi, bu yontemlerin hala gegerli ve
uygulanabilir oldugunu ortaya koymaktadir.

Bu calismanin en 6nemli katkisi, Urfa'da yok olma
tehlikesiyle kars1 karsiya olan geleneksel yapim
teknikleri, yapt malzemeleri ve harglarin bilimsel bir
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yaklagimla belgelenmesi ve yeniden canlandirilmasi
siirecine Onciiliikk etmesidir. Ayrica, bu tekniklerin
gliniimiiz restorasyon siireclerine entegre edilmesi ve bu
dogrultuda siirdiirtilebilirlik acisindan degerlendirilmesi,
mimari mirasin korunmasimda ©nemli bir adimdir.
Uluslararas1 restorasyon ilkeleri ve tiiziikler dikkate
alindiginda, bilingli restorasyon uygulamalarinin 6zgiin
malzeme ve tekniklere uygun olarak
gergeklestirilmesinin 6nemi daha net anlagilmaktadir.

Sonug olarak, Urfa’daki geleneksel evlerde yiiriitiilen ve
ileride gergeklestirilecek restorasyon projelerinde,
evrensel kabul goren koruma ilkeleri 1siginda, yapi
ustalarinin ve igverenlerin bilinglendirilmesi biiyiik bir
gereklilik arz etmektedir. Bu yapilarin 6zgiin yapim
teknikleri ve malzemelerine sadik kalinarak korunmasi,
en az miidahale ile onarilmasi ve siirdiiriilebilirliginin
saglanmast, kiiltlirel mirasin gelecegi i¢in dncelikli hedef
olmalidir. Geleneksel Urfa evlerinin bir kismi yikilmaya
yiliz tutmusken, bazilari i¢in restorasyon calismalarinin
baslamis olmasi, bu mirasin korunmasi agisindan umut
verici bir gelismedir. Restorasyon uygulamalarinda ise
modern yapim tekniklerinin yerine, yapilarin 6zgiin
mimarisini koruyan, en az miidahale ilkesine dayanan,
stirdiiriilebilirligi  saglayacak  yaklagimlar
edilmelidir.
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