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dallarinda; kuramsal ve uygulamali arastirma ile
tarama niteliklerinde makaleler yayimlamay:
amaglayan disiplinler arasi ve hakemli bir
dergidir. Dergi, belirtilen miithendislik
branslarinda hizla gelisen alanlarina iliskin
calismalar1 ulastirmay1 amag¢lamaktadir.
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Mimarhk Fakiiltesi Dergisi” olarak yayin
hayatina baslamistir. 1993 ve 2005 yillarinda
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tiniversitemiz adinin "Eskisehir Osmangazi
Universitesi" olmasi nedeniyle derginin adi da
“Eskisehir Osmangazi Universitesi Miihendislik
ve Mimarlik Fakiltesi Dergisi” (ISSN: 1301-
045x) haline gelmistir.

Dergi yilda 2 say1 olarak yayimlanmis olup 2012
y1li sonunda yayin hayatina ara vermistir.

2018 yilindan itibaren e-Dergi olarak yayin
hayatina tekrar baglamistir.

Dergi hakkinda ayrintili bilgiler
https://dergipark.org.tr/tr/pub/ogummf
web sayfasinda verilmistir.

Eskisehir Osmangazi Universitesi Miihendislik
Mimarlik Fakiltesi Dergisi yilda 3 say1 olarak
yayimlanmaktadir.

Bu sayilara ek olarak Editérler Kurulu'nun
karariyla, fakiiltemiz  boliimleri tarafinda
yiiriitilen bir kongrede sunulan bildiriler “Ozel
Say1” olarak yayimlanabilmektedir.
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engineering. The journal is not limited to a
particular aspect of science and engineering, but
is instead devoted to a wide range of areas in
engineering. The journal aims to publish high
quality papers in the areas of:
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This journal publishes original theoretical and
empirical research papers as well as review
papers and case studies related to these areas of
engineering. High quality submissions are
welcome from academics, researchers, and
practitioners.

The Journal of Engineering and Architecture
Faculty of Eskisehir Osmangazi University was
first launched in 1986. After the name of the
journal changed in both 1993 and 2005,
consequently, the name is "The Journal of
Engineering and Architecture Faculty of
Eskisehir Osmangazi University" (ISSN: 1301-
045x). The journal was published as 2 issues per
year until the end of 2012, then publication of
the journal is suspended between 2012-2017.

It has resumed its publication life as an online
journal in 2018.

Additional information for the journal is given at
web page :

https://dergipark.org.tr/tr/pub/ogummf

The Journal of Engineering and Architecture
Faculty of Eskisehir Osmangazi University is
published as 3 issues per year.

In addition to the regular issues, proceedings of
the conferences which are organized by our
university are published as special issues
depending upon the decision of the Editorial
Board.
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Fossil studies are of great importance in observing the changes in living species over time,
making inferences using information from observed species, and understanding the
evolving structure of our world. However, the examination and interpretation of fossil
specimens is a complex and lengthy process. Artificial intelligence (Al) studies are now
being applied to this field to facilitate the working methods of paleontologists. By aiding
the detection and image classification of fossil specimens, computers simplify this process
in comparison to manual classification and reduce foreign dependency on fossil
assemblages that paleontologists are not experts in. To achieve this, images of 9 benthic
foraminiferal species were used: Bulimina tenuata, B. pagoda, Bolivina argentea, Bo.
seminuda, Bo. spissa, Bo. subadvena, Epistominella smithi, Trifarina bradyi, and
Takanayanagia delicate from the MD022508 benthic foraminifera dataset of the publicly
available Endless Forams, alongside ordinary non-foraminiferal photographs. A single
study available on the same dataset presents a study that uses deep convolutional neural
networks for image classification and description of benthic foraminifera with ready-
made models from the literature. In this study, a new method has been developed that
achieves high accuracy rates with new models on the same dataset. At least 70%
accuracy rates were achieved in the test results of the system trained with this method.
This study, which reached high accuracy rates with a new method, presents a successful
development for the branch of paleontology in the use of Al in microfossil identification.

BENTIK FORAMINIFER GORUNTU SINIFLAMASI VE TANIMLAMALARINDA
EVRISIMLI SINiR AGI (CNN) TABANLI YENI BiR MODEL

Anahtar Kelimeler

0z

Jeoloji,

Bentik Foraminifer,
Smiflandirma,

Derin Ogrenme,
Evrisimli Sinir Aglari

Canli tiirlerinin yillar icindeki degisimini gézlemlemek, gézlemlenen tiirlerin sagladigi
bilgilerden yararlanarak ¢ikarimlarda bulunmak ve icinde yasadigimiz diinyanin yillar
icinde gelisen ve degisen yapisint anlamak icin fosil c¢alismalart biiyiik onem
tastmaktadir. Ancak fosil 6rneklerinin incelenmesi ve yorumlanmasi karmagik ve uzun
bir siirectir. Paleontologlarin ¢alisma yéntemlerini kolaylastirmak icin yapay zeka
calismalart bu alana uygulanmaya baslandi. Fosil érneklerinin bilgisayar yardimiyla
tespiti ve gériintii siniflandirilmasi, bu islemi manuel siniflandirma islemlerine kiyasla
miimkiin oldugunca basitlestirir ve paleontologlarin uzman olmadig fosil topluluklari
icin disa bagimliligt azaltir. Bunu basarmak icin, secilen bir veri setinden Halka agik
Sonsuz Foram MD022508 bentik foraminifer veri kiimesinden Bulimina tenuata, B.
pagoda, Bolivina argentea, Bo seminuda, Bo. spissa, Bo. subadvena, Epistominella smithi,
Trifarina bradyi ve Takanayanagia gibi 9 bentik foraminifer tiiriiniin goriintiileri ve
stradan foraminifer olmayan fotograflar kullanildi. Ayni veri seti iizerinde mevcut olan
tek bir calismada, derin evrisimli sinir aglart kullanilarak bentik foraminiferlerin
gérinti siniflandirilmast ve tamimlamalart icin gelistirilen ve literatiirdeki hazir
modellerle calisilmis bir calisma mevcuttur. Bu calismada, ayni veri seti lizerinde
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gelistirilmis yeni modellerle yiiksek dogruluga ulasan yeni bir yéntem sunulmaktadir. Bu
yéntemle egitilen sistemin test sonug¢larinda en az %70 dogruluk oranlarina ulasilmigtir.
Yeni bir yontemle yiiksek dogruluk oranlarina ulasan bu ¢alisma, mikrofosil
tanimlamada yapay zeka kullaniminda paleontoloji dali icin bagarili bir gelisme

olusturmustur.
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1. Introduction

Microfossils are generally small-sized fossils whose
distinctive features are best studied with a microscope. They
may contain a heterogeneous group of organism fossils of
microscopic size, such as foraminifera, ostracoda, and
radiolaria. Among these, foraminifers are a group of
microorganisms that have been extensively studied
worldwide. They are characterized by flowing granular
ectoplasm, often supported by a so-called "test" shell. These
microorganisms have a wide geographical distribution
under the benthic and pelagic conditions of marine
environments, with rich genera and species throughout the
Phanerozoic era, and are single-celled animal creatures
from the Cambrian to the present day (Platon and Gupta,
2001; Saking, 2008). Most of the niches of foraminifera are
marine and stenohaline, although certain groups can survive
under hypersaline conditions. Some species prefer low
saline waters and are often found in brackish lagoons and
estuaries (Saraswati and Srinivasan 2015). About 50,000
species of this group have been described, of which more
than 4,000 species live today (Pawlowski, Esling,
Lejzerowicz, Cedhagen, and Wilding, 2014).

Their shells are mostly calcareous, but a few may be
pseudo-chitinous, agglutinated, or rarely siliceous. Their
size varies between about 0.1 mm and 10 cm. Species
and genera are distinguished by their morphological
features.

Identifying among tens of thousands of genera and
species in the literature requires both experience and
dominance of the literature, and a highly sensitive study
in order to clearly extract each feature of the fossil. Many
paleontologists therefore specialize in only one group or
one period. As a result of the existence and coexistence
of many fossil groups, paleontologists feel obliged to
seek support from each other for the identification of
each group, or they leave the fossil only by describing it
on the basis of its branch or family. Considering that
each sub-fossil group has an expert on the foraminifers
of each geological time, and even each foraminiferal
genus, it is clearly seen that the discipline of
foraminifera is shaped by the dominant success of
individual experiences. For this reason, the research of
a paleontologist working anywhere can sometimes
depend on the knowledge of a paleontologist living in a
different part of the world. One of the biggest potential
benefits of this project is that it has the potential to serve
as the heir of the experiences of valuable scientists,

independent of the human factor, sourced from the
common data accumulation for the field of paleontology,
which is shaped by personal skills and experiences. Until
recently, paleontological knowledge and experiences
have been transferred to the digital environment in a
limited way around the world. The directing of artificial
intelligence applications, which are already very
advanced, to this field is limited (Parab and Mehendale,
2021; Putzu, Caocci and Di Ruberto, 2014; Pan et al,,
2020; Liao, Li and Luo, 2016; Zeggada, Benbraika,
Melgani and Mokhtari, 2018; Wu and Prasad, 2017 etc.).
It is thought that these developments will reduce the
inaccessibility and/or foreign dependency on
paleontology studies, and contribute to these studies
with rapid support by using developing technology
methods since it is an up-to-date idea. By collecting the
data in the literature and developing correct detection
methods, objective, measurable and developable
microfossil identification studies can be achieved with
artificial intelligence studies. Artificial intelligence is in
a very good place at the moment in image identification.
These studies have also begun on fossils (Zhong, Ge,
Kanakiya, Marchitto and Lobaton, 2017; Ge, Zhong,
Kanakiya, Mitra, Marchitto and Lobaton, 2017; Xu, Dai,
Wang, Li and Wang, 2020; Mitra et al., 2019; Gutiérrez,
Nouboud, Chalifour, and Voisin, 2018; Johansen and
Sgrensen, 2020; Hu, Limaye and Lu, 2020; Carvalho et
al., 2020). It is developing more and more every day.

The aims of the paper are to reduce foreign dependency,
save time, and create more reliable, accessible and easy-
to-use software for researchers studying different time
periods and different fossil groups.

In this study, experiments on the image classification of
fossil specimens are described. The classification
process was carried out using an algorithm trained with
data obtained from segmented fossil views as training
items in deep learning methods (Convolutional Neural
Network). Physical properties, such as the number of
chambers, dimensions, openings, and shape of the fossil
specimen, are essential parameters for classification. A
dataset containing different images of benthic
foraminifers is required. The MD022508 benthic
foraminifera dataset, publicly available in Endless
Forams (Hsiang et al. 2019), was selected to train the
model. The dataset used in this project is the Endless
Forams image set, which includes 13 different benthic
foraminifera species and also planktic foraminiferas,
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particles, and fragments (Marchant, Tetard, Pratiwi,
Adebayo, and Garidel-Thoron, 2020). From this dataset,
nine benthic species and non-foraminifer images were
selected to train and test the model. These species are
Bulimina tenuata, B. pagoda, Bolivina argentea, Bo.
seminuda, Bo. spissa, Bo. subadvena, Epistominella smithi,
Trifarina bradyi, and Takanayanagia delicata. The data
of the selected species are divided into three different
groups: 10% testing, 20% validation, and 70% training.
As a result of the ongoing training process, when the
trained system is tested with a new fossil sample, it aims
to determine which genus the sample belongs to. With
the proposed method, at least 70% accuracy rates were
achieved in the test results of the trained system. This
study, which achieved high accuracy rates with a new
method, has created a successful development for the
branch of paleontology in the use of artificial
intelligence in microfossil identification.

In the following parts of the article, the method of the
study is explained after previous studies in the literature
are mentioned. This section explains the stages of
preparing the dataset, setting up the model architecture,
and the interface of the systems. The results section
includes the convolutional neural network,
classification, and conclusions.

2. Literature

Although there have been several online databases,
presentations  (Loeblich and Tappan, 1994;
Foraminifera.eu; WoRMS Editorial Board, 2023), and a
few software studies on foraminifera (Gormiis and
Meri¢, 2012; Deveciler and Akiska, 2018) in the
literature, the description of foraminifera using the CNN
method has not been well-documented. In fact, neural
networks can be used in many areas, including geology
for classifying fossil specimens, fossil segmentation and
detection, and more (Zhong et al. 2017; Ge et al. 2017;
Xu et al. 2020; Mitra et al. 2019; Gutiérrez et al. 2018;
Johansen and Sgrensen, 2020; Hu et al. 2020; Carvalho
etal. 2020).

According to the study, pictures of six different species
of foraminifera were taken with a microscope under 16
different controllable LED lights. A three-dimensional
image was obtained by taking the maximum, minimum,
and average values of the 16 images photographed. The
combined images were used as input in a CNN network
previously trained using a model formed from the
combination of VGG16, ResNet50, and Inception V3
algorithms. For the classification process, the SVM
classification method was used to conclude the process.
A similar study (Ge et al., 2017) observed images of six
different foraminifera species recorded under 16
different  light  microscopes for  foraminifer
segmentation. The main lines were created with the
developed edge detection algorithm. After passing the
views through the edge detection process, 128 deep
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feature maps were combined using the CNN method,
and segmented images were obtained. The described
method for recognizing paleontological paintings
involves scaling the images to grayscale, adjusting
brightness and contrast, and sharpening the images.
Scale-invariant Feature Transform (SIFT) is used to find
feature points and feature vectors for the pre-prepared
images. K-means clustering is then used to find the
distance between vector sets and feature points, and
new centers are obtained according to the distribution
of objects. For the nonlinear binary classification of
feature vectors completed with clustering, classification
is performed using SVM (Xu et al., 2020). Another study
used 7 different species for the recognition of planktic
foraminifers, and the images were used in the training
of the CNN structure. The image was then estimated
with ResNet50 and Vgglé (Mitra et al, 2019). The
article also describes a segmentation technique
developed for use in diatom classification. The
segmentation technique involves finding two thresholds
on either side of the dominant pile using both the Rosin
method and the approximate determination of the
cumulative distribution function with the sigmoid
function. The histogram consists of the cumulative
distribution function and the sigmoid cumulative
distribution function. The points where the vertical, two
parallel lines drawn from the start and end points of the
SCDF's vertex cut the CDF were determined as the
threshold values. Thus, the value between the two
thresholds is 0, and the values outside this threshold are
255. Afterwards, all connected components in the image
are labeled, and the largest is determined. Then, the size
of each component is normalized to the area of the
largest convex shell. The minimum Euclidean distance
between the largest component and the others is then
calculated, and diatom reconstruction is done with the
obtained data, thus removing diatoms from the
background (Gutiérrez et al., 2018). In a similar study,
smaller images of each sample were extracted using a
simple but effective object detection scheme based on
Gaussian filtering, grayscale thresholding, binary
masking, and connected components. The first pass of
Gaussian filtering, grayscale thresholding, and binary
masking is set to remove the metallic border present in
each image. Using a pre-trained VGG16 model, feature
vectors were extracted from each of the foraminifer and
sediment images in the dataset, and stochastic
estimation was made with Monte Carlo Dropout
(Johansen and Sgrensen, 2020). The study also
describes Dishti, a developed three-dimensional
segmentation software that combines computer
tomography data to create three-dimensional visuals
and enables their segmentation (Hu et al,, 2020). The
tomography data is reconstructed with software called
Mango. Another study on this subject mentions the
identification process where microfossils are found
directly with a pipeline developed. The developed
system starts with the digitization of carbonic rocks.
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Afterwards, the images obtained with microCT are
respectively; quarter, half and full scale. The system was
trained using the UNET model associated with ResNet34
and segmentation was performed (Carvalho et al.,
2020).

3. Methods

Obtaining a reliable and open access dataset is the most
important step in the methodology of this study.
Therefore, the Endless Foram dataset was chosen for
this purpose, and tests and validations were performed
on selected species from this dataset. Convolutional
Neural Networks were used to train the model, and in
order to achieve high precision in the classification
process, the CNN Model was selected and the training
process was initiated. The paper has been prepared in
accordance with research and publication ethics.

3.1. Dataset Preparation

The dataset is an essential part of training the neural
network model. It needs to be properly split and labeled.
For this purpose, the Endless Forams dataset was used,
which meets the requirements for training the model
with thousands of benthic and planktonic foraminifera
images. The foraminifera views in the dataset were
bright images, and a binary segmentation mask was
applied to reduce the effect of brightness (Marchant et
al. 2020). From this dataset, 9 species were selected to
train and test the model, namely Bulimina tenuata, B.
pagoda, Bolivina argentea, Bo seminuda, Bo. spissa, Bo.
subadvena, Epistominella smithi, Trifarina bradyi, and
Takanayanagia delicata as shown in Figure 1.

Bo. argentea B. pagoda Bo. seminuda

Bo. spissa Bo. subadvena B. tenuata

Epistominella smithi Takanayanagia delicata Trifarina bradyi

Y

Figurel. Views of The Training Species

] ESOGU Eng. Arch. Fac. 2023, 31(1), 481-490

The data for the selected species was divided into 3
different groups: 10% for testing, 20% for validation,
and 70% for training. The test and validation images
were separated from the total amount of images
according to the ratios mentioned earlier. To create the
training set, folders were created for each species in an
empty folder, and each folder was named after the
corresponding species. All specimens were then
separated from each other based on their species and
brought together in these folders. The main folder
containing all the species folders was named "training".
The same process was repeated for the test and
validation sets. All three main folders were then
collected in another folder, concluding the dataset
preparation process.

3.2. Model Architecture

To train the model, a custom convolutional neural
network has been developed. Although pre-trained
models might provide a faster solution, custom CNNs
allow for a larger degree of network customization
according to the specific purpose. The edited and tagged
dataset is used, and the images are resized prior to
feature extraction to a target size of 200x200. A batch
size of 64 is selected. To use the feature extractions
obtained from the images in CNN training, the images
are divided into pixels using the Image Data Generator,
a Keras function. The pixel values are scaled from 0 to 1
by dividing them by 255. This is necessary to obtain the
data necessary for training the CNN model. Since the
classification process will involve multiple classes, the
categorical classification method is used, with the labels
enumerated from zero to nine. The data used for the
CNN model has now been appropriately formatted for
training the model.

The CNN was chosen as the neural network to be used
because high precision is needed in the classification
process. CNN offers much higher precision than ANN
structures due to the layers and filters it contains. In the
created model, the first block is formed by a 3x3
convolutional layer. The following layer is a 2x2 pooling
layer, thus forming the first block. The Convolution layer
contains rectified linear (ReLU) activation. As a result of
the tests, it has been observed that when the number of
blocks in the model is below four, an underfitting
problem occurs. Therefore, three blocks of the same
structure were added following the first block. The data
coming out of the neural network formed between the
blocks is smoothed, and the overfitting situation is
aimed to be reduced by applying dropout. Following the
dropout layer, a density layer of 512 units and ReLU
activation is placed. The last density layer has softmax
activation and 9 units. Since 9 classes are used in the
CNN model, the final density layer consists of 9 units.
The representation of the model architecture is shown
in Figure 2.
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Figure 2. The Representation of The CNN Model

The training of the system was initiated using the
created CNN model. CNNs are trained using categorical
cross-entropy loss, which is utilized due to the
implementation of the categorical classification
technique as the classification mode. To update the
parameters of the network, Adam (Adaptive Moment)
optimization is employed. The tables below illustrate
the other models developed.

3.2. Interface of The System

To simplify the process of finding the optimal system, an
interface was developed. The interface allows the user
to change specific hyperparameters to train the model.
The interface consists of parameters such as the number
of epochs, steps per epoch, batch size, image size, and
the percentage of the test split of the image set. The user
can input the desired parameter values via the
keyboard. Upon clicking the start button, the training
process of the defined model begins. The interface is
shown in Figure 3.

FOSSIL CLASSIFIER

Image Size

Te st Size

Epochs

Batch Size

Step Per Epoch

START

Figure 3. Interface of The Model

Convolution Max-Pooling
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1512 14512

6410210

Dense

Flatten + Dropout Dense

4. Results

To find the optimal CNN model, many training sessions
were carried out using the Endless Forams image set.
This dataset contains the following species: B. tenuata,
Bo. argentea, B. pagoda, Bo. seminuda, Bo. spissa, Bo.
subadvena, E. smithi, T. bradyi, and T. delicata. The
number of views for each species used to train the model
are as follows: B. tenuata (357 views), Bo. argentea (236
views), B. pagoda (44 views), Bo. seminuda (778 views),
Bo. spissa (255 views), Bo. subadvena (180 views),
Epistominella smithi (92 views), Trifarina bradyi (41
views), and Takanayanagia delicata (365 views), as
shown in Table 1.

Table 1: Fossil Sample Numbers and Percentage

Fossils N-umber of N-umber of
views views (%)

B. tenuata 357 15,2
Bo. argentea 236 10,05
B. pagoda 44 1,87
Bo. seminuda 778 33,13
Bo. spissa 255 10,86
Bo. subadvena 180 7,67
Epistominella smithi | 92 3,92
Trifarina bradyi 41 1,75
Takanayanagia 365 15,55
delicata

Total | 2348 100,0
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The training and testing of the system were conducted
using Tensorflow 2.5.0 with GPU enabled and Python
3.9. The computer used for training runs on Windows
10 with an AMD Ryzen 5 3600 CPU, NVIDIA RTX2060
GPU, and 16 GB RAM.

4.1. Convolutional Neural Network

To achieve the best accuracy results, the CNN model was
tested multiple times as shown in Table 2. To automate
the testing process, a Python loop was written to
increase the specific parameter at the end of the
training. The convolutional layers in the following
sentences are denoted by 16C3, where 16 represents the
number of filters and 3 represents the 3x3 kernel size.
The max pooling layer is denoted by P2, where 2 is the
size of the kernel, which is 2x2. First of all, the number
of blocks is handled. The testing started with [16C3-P2]-
128-9 CNN, and at every step of the test, the feature
extraction blocks were increased and the number of
filters doubled at every new block. The best results were
obtained with [8C3-P2]-[16C3-P2]-[32C3-P2]-[64C3-
P2]-1024-9, which means using 4 blocks for the
convolutional layer. Other results encountered the
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overfitting problem more than the obtained model.
From the initial test, the training accuracy of the system
was obtained as 0.65 and the validation accuracy of the
system was obtained as 0.52.

After conducting a parametric analysis, it can be
observed that the best results were obtained when
initially using 8 filters for the first convolutional layer.
These results are shown in Table 3. Once the number of
blocks and filters were determined, the units of the
dense layer were adjusted. As shown in Table 4, the
highest training accuracy and validation accuracy, 94%
and 75%, respectively, were obtained when the number
of units was set to 1024. To reduce overfitting, a dropout
layer was added to the CNN model. However, as shown
in Table 5, adding a dropout layer led to overfitting
during the model training. To overcome this situation,
the extra dropout layers were removed, and only one
dropout layer was left before the output dense layer.
The results indicate that adding dropout does not fit
well with this neural network model. After conducting
these experiments, it is clear from the tables that the
optimum CNN structure for this work is as follows: [8C3-
P2]-[16C3-P2]-[32C3-P2]-[64C3-P2]-1024-9.

Table 2. Number of Convolutional Layers and Max Pool Layers Comparison Table

E:;::Slutlonal Epoch Step Batch size  Activation ;l:;n:::% x:::.i:tclzn
Single Block 100 10 64 Softmax 0.65 0.52
Two Blocks 100 10 64 Softmax 0.67 0.61
Three Blocks 100 10 64 Softmax 0.70 0.65
Four blocks 100 10 64 Softmax 0.87 0.70
Five Blocks 100 10 64 Softmax 0.82 0.67
Table 3. Number of Filters Comparison
. . L Trainin Validation
Filters Epoch Step Batch size  Activation Max. Acfc;. Max. Acc.
8 100 10 64 Softmax 0.93 0.73
16 100 10 64 Softmax 0.90 0.72
32 100 10 64 Softmax 0.90 0.72
64 100 10 64 Softmax 0.89 0.72
Table 4. Dense Layer Unit Comparison Table
E:;rlgr Un;:to nnected Epoch Step Batch size Activation ;l:;n::f Xﬂf:tlgn
16 100 10 64 Softmax 0.81 0.69
32 100 10 64 Softmax 0.83 0.72
64 100 10 64 Softmax 0.81 0.70
128 100 10 64 Softmax 0.84 0.71
256 100 10 64 Softmax 0.86 0.71
512 100 10 64 Softmax 0.90 0.75
1024 100 10 64 Softmax 0.94 0.75
2048 100 10 64 Softmax 0.91 0.73
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Table 5. Dropout Rate Comparison Table
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. - Trainin Validation
Dropout Epoch Step Batch size  Activation Max. Acg. Max. Acc.
0.2 100 10 64 Softmax 0.81 0.59
0.3 100 10 64 Softmax 0.83 0.64
0.4 100 10 64 Softmax 0.78 0.70
0.5 100 10 64 Softmax 0.95 0.76
0.6 100 10 64 Softmax 0.90 0.67

4.2. Classification Results

The CNN model was tested using test images to measure
its success in the classification process, as shown in
Figure 2. The softmax activation function generated
probabilities, which are percentage representations of
the class to which the images belong. During the
prediction process, an image may belong to more than
one class, resulting in more than one probability value.
However, the highest probability value is accepted as
the result of the class to which the image belongs.

The Endless Foram dataset images were used to run the
proposed model 15 times, and the experiment was
concluded. The dataset was divided into 70% for
training, 20% for validation, and 10% for testing. The
average test accuracy for the Endless Foram images was
77%, with a precision of 74%, recall of 77%, and F-score
of 75%. The detailed evaluation metrics are given in
Table 6.

Table 6. Evaluation Metrics of Proposed Method
Evaluation Metrics of Proposed Method

Min. Max. Mean Std'. .
Deviation
Accuracy 0.75 0.79 0.77 0.017
Precision 0.70 0.78 0.74 0.021
Recall 0.75 0.79 0.77 0.017
F-Score 0.73 0.78 0.75 0.019

The minimum, maximum, mean, and standard deviation
values in Table 6 represent the statistical data obtained
from running the model 15 times. The test accuracy
graph resulting from the 15 runs is shown in Figure 4.

The confusion matrix is a performance metric for
machine learning classification that allows the
visualization of the similarity between the correct class
and the predicted class. The confusion matrix for the
Endless Foram dataset is shown in Figure 5. It can be
observed that the most accurate prediction was made
during the classification of Bo. seminuda, while the most
inaccurate prediction was made during the
classification of the B. Pagoda species. Bo. seminuda

species can be predicted with high accuracy because it
has a more distinguishable physical structure and a
higher number of specimens in the dataset compared to
other species. In the case of the Pagoda type, the
situation is slightly different.

m— Accuracy

0.85

0.82 4

0.79 1

0.76 1

Testing Accuracy

0.73 1

0.70 T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 1z 13 14 15
Tnal

Figure 4. The Testing Accuracy Graph Obtained from
Running the Proposed Method 15 Times

Although it has a different appearance from other
species due to its physical structure, the scarcity of
specimens in the dataset directly affects the model's
learning. The abundance of data is of great importance
during the training of a Neural Network for better
results. Increasing the number of Pagoda specimens in
the dataset can lead to more accurate predictions. The
results of this study provide a basis for a potential study
of adding developable code information on section
directions, similar to the working methods of
micropalaeontologists. Another potential benefit of this
study is that it is a preliminary study for the
paleontology discipline, which is shaped by personal
skills and experiences, independent of the human factor,
and takes its source from the common data
accumulation. This study is a step forward in terms of
inheriting the experience of scientists.
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Figure 5. Confusion Matrix for Endless Foram Dataset

5. Conclusion

In this study, the CNN model developed for the
classification of benthic foraminifera species and the
results obtained are discussed. The main objective of
this study was to create a CNN model that could classify
microfossils, which are difficult to classify, more easily,
quickly, and in a shorter amount of time. To achieve this,
first, a dataset was created. The Endless Forams dataset
was used for this purpose. The benthic foraminifera
included in the Endless Forams dataset were first
separated according to their species. Later, these types
were divided into three main folders as training, testing,
and validation folders. The training set was used to train
the CNN model to be created, the validation set was used
to determine the accuracy of the trained model, and the
test set was used to test the operation of the created
model. A lot of experimental work was done during the
creation of the CNN model. As a result of the studies, it
was observed that the model with four convolutional
layers provided the best results. After obtaining the
required model for classification, the necessary tests for
the classification of the species were started. As a result
of the tests, satisfactory results were obtained. Some
species had higher accuracy, while others had lower
accuracy. Based on the studies, it was concluded that
this problem could be overcome by increasing the
specimens of the species with low hit rates. When the
general picture was evaluated, it could be said that the
study was concluded successfully. Even though the
designed model did not have enough data, it performed
an acceptable classification process.

The results of this study provide a basis for potential
research on the addition of developable code
information on section directions, similar to the
working methods of micropalaeontologists. Another
significant potential benefit of this study is that it serves
as a preliminary study for the field of paleontology,
which is shaped by personal skills and experiences and
independent of the human factor, drawing its source
from common data accumulation. This study represents
a significant achievement in terms of the legacy of
scientific experience.
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Brain tumors can be dangerous and fatal if not diagnosed early. These are diagnosed by
specialized doctors using biopsy samples obtained from the brain. This process is
exhausting and wastes the doctors' time. Researchers have been working to develop a
quick and accurate way to identify and classify brain tumors to overcome these
drawbacks. Computer-assisted technologies are used to support doctors and specialists
in making more efficient and accurate decisions. Deep learning-based methods are one
of these technologies that have been used extensively in recent years. However, there is
still a need to explore architectures with higher accuracies. For this purpose, in this
paper, we propose a novel convolutional neural network (CNN) which has twenty-four
layers to multi-classify brain tumors from brain MRI images for early diagnosis. Various
comparisons and tests were performed to demonstrate the effectiveness of the proposed
model. Three different state-of-the-art CNN models were used for the comparison:
AlexNet, ShuffleNet, and SqueezeNet. At the end of training, the proposed model achieved
the highest accuracy of 92.82% and the lowest loss of 0.2481. In addition, ShuflleNet
achieved the second highest accuracy of 90.17%. AlexNet had the lowest accuracy at
80.5%, with a loss of 0.4679. These results demonstrate that the proposed CNN model
provides greater precision and accuracy than state-of-the-art CNN models.

YENI BIR EVRISIMLI SINiR AGI MODELiI KULLANILARAK ERKEN TESHIS iCiN
BEYIN TUMORLERININ COKLU SINIFLANDIRMASI

Anahtar Kelimeler

Oz

Derin 6grenme, ESA
modelleri, dnceden egitilmis
modeller, Beyin MR
goriintiileri, siniflandirma.

Beyin tiimérleri erken teshis edilmezse cok tehlikeli ve 6liimctiil etkilere sahip olabilir.
Beyin tiimorleri, uzman doktorlar tarafindan beyinden alinan biyopsi drnekleri
kullanilarak teshis edilir. Bu siire¢ yorucudur ve doktorlarin ¢ok fazla zamanini harcar.
Arastirmacilar, bu dezavantajlarin listesinden gelmek amaciyla beyin tiimérlerini
tanimlamak ve siniflandirmak icin hizli ve dogru bir yol gelistirmeye ¢calismaktadirlar.
Doktorlarin ve uzmanlarin daha verimli ve dogru kararlar vermelerini desteklemek icin
bilgisayar destekli teknolojiler kullanilmaktadir. Derin 6grenme tabanli yéntemler de bu
teknolojilerden biridir ve son yillarda yogun olarak kullanilmaya baslanmigtir. Bununla
birlikte, daha yiiksek dogruluk performansina sahip mimarileri kesfetmeye hala ihtiyag
vardir. Bu amagla, bu ¢alismada erken teghis icin beyin MR gériintiilerinden beyin
tiimérlerini coklu siniflandirmak i¢in yirmi dért katmana sahip yeni bir evrisimli sinir agi
(ESA) énerilmistir. Onerilen modelin etkinligini géstermek icin cesitli karsilastirmalar ve
testler yapilmistir. Karsilastirmada ii¢ farkli son teknoloji CNN modeli kullanilmistir:
AlexNet, ShuffleNet ve SqueezeNet. Egitim sonunda 6nerilen model %92.82 ile en yiiksek
dogruluk ve 0.2481 ile en diistik kayip elde edilmistir. Ek olarak, ShuflleNet %90.17 ile
ikinci en yiiksek dogruluk degerine ulagmistir. AlexNet, 0.4679 kayipla %80.5 ile en diisiik
dogruluga sahiptir. Bu Sonuglar, énerilen CNN modelinin, son teknoloji CNN
modellerinden daha fazla kesinlik ve dogruluk sagladigini géstermektedir.
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1.Introduction

In recent years, convolutional neural network (CNN) has
been used effectively in many applications. These are
classification (Fu, Zang, He, Cao, Guo & Wang, 2022; Inik,
Uyar, & Ulker, 2019; Mao, Yin, Zhang, Chen, Chang, Chen,
Yu & Wang, 2022; Zhou, Wang, & Wan, 2022), detection
(Gongalves, Souza & Fernandes, 2022; Inik & Ulker
2022; Kaya, Kurt, Isik, Koca & Cicek, 2022; Li, Dong,
Wen, Hu, Zhou & Zeng, 2019; Zhao, Liu, Yin &Wang,
2022), and segmentation (Fradi, Zahzah & Machhout,
2022; Inik & Ulker 2022; Kang, Zhou, Huang & Han
2022; Karthik, Menaka & Won 2022; Niyas, Pawan,
Kumar & Rajan, 2022). CNN-based methods have
started to be used extensively in the diagnosis of brain
tumors due to their high success in solving different
problems.

Brain tumors are anomalies that occur when brain cells
proliferate at an abnormal rate. The most common types
of brain tumors include meningiomas, gliomas, and
pituitary tumors. Radiologists use their skills to identify
and categorize brain tumors, which is a complex and
time-consuming procedure. Computer-assisted
technologies are used to help doctors and experts to
operate more efficiently and make more accurate
decisions.  Artificial intelligence is  becoming
increasingly useful in identifying and classifying brain
tissues as contemporary medical standards evolve. To
categorize MRI images, several machine learning and
deep learning approaches such as Support-Vector
Machine (SVM), K-Nearest Neighbors (KNN), and
Convolutional Neural Network (CNN) are being
developed.

To increase the multiple classification accuracy of brain
tumor MRI images, Srikanth and Venkata
Suryanarayana (2021) developed a Deep Neural
Network (DNN)-based VGG-16 (2014) network. As a
result of the training, a 98% accuracy in producing
results that were close to reality was achieved. Deepak
and Ameer (2019) developed a method for categorizing
three different forms of brain tumors. The transfer
learning method was used to extract features from MRI
images. The pre-trained GooglLeNet (2014) CNN
network was used. For classification after the fully
connected layer in the GoogLeNet network, the SVM and
KNN classifiers were applied instead of the Softmax
classifier. As a result of the experiments, 98% accuracy
was obtained. Jia and Chen (2020) proposed the Fully
Automatic Heterogeneous Segmentation (FAHS-SVM)
approach for brain tumor detection and segmentation
using SVM based on deep learning techniques. An
extreme learning machine (ELM) method was used to
categorize MRI images and extract features. The
proposed method detected between healthy and
unhealthy tissues with 98.51% accuracy.

Irmak (2021) presented three different CNN
architectures for multi-classification in the early
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diagnosis of brain cancer. To adjust the
hyperparameters of the suggested CNN architectures,
they were automatically calculated using the grid search
optimization technique. The first proposed CNN model
detected brain tumors with 99.33% accuracy. The
second model had 92.66% accuracy in classifying brain
cancers into five types: normal, glioma, meningioma,
pituitary, and metastatic. In contrast, the third CNN
model had 98.14% accuracy in classifying brain tumors
as grade I, grade Il, or grade IV.

MRI is used in the diagnosis of multiple sclerosis (MS)
and brain tumors. Siar and Teshnehlab (2019) proposed
a CNN for diagnosing brain tumors and MS
simultaneously. The researchers used MRI images of
200 patients and healthy individuals. A total of 1286
images were used for training, and 384 images were
used for testing. As a result of the training, they achieved
a 96% accuracy rate in the diagnosis of MS and brain
tumor patients. Hashemzehi et al. (2020) suggested a
hybrid technique combining CNN and neural
autoregressive distribution estimation (NADE). The
most essential characteristic of this method is its ability
to extract features and estimate data distribution
rapidly and automatically. The approach examined 3064
CE-MRI images from 233 patients, including 1426
images of gliomas, 708 images of meningiomas, and 930
images of pituitary tumors. The proposed method was
shown to have a classification accuracy of 95%.

Aziz et al. (2021) proposed an ensemble framework for
brain tumor categorization. The CNN architecture was
built using pre-trained ResNet-50 (2015) and Densenet-
201 (2016) networks. These networks were retrained
using transfer learning after they were updated. For the
best feature selection, an efficient ant colony
optimization (EACO) algorithm was proposed. The
BRATS 2019 dataset was used in the experiments, and
the classification accuracy was 87.7% for high-grade
glioma (HGG) and 84.6% for low-grade glioma (LGG).
Using a CNN's two-stage feature set, Aurna et al. (2022)
suggested a new method for the exact and automatic
categorization of brain tumors. An ensemble learning-
based architecture was developed by merging the pre-
trained VGG-19, EfficientBO (2019), ResNet-50,
Inception-V3 (2015), and Xception (2016) models and
the proposed CNN model to find the best features in the
proposed method. The best extracted features were
chosen using the PCA algorithm. The proposed model
was able to classify correctly with an accuracy of 99.13
%. Noreen et al. (2021) developed an ensemble
learning-based method to classify brain tumors. For
feature extraction, the proposed method uses the pre-
trained Inception-V3 and Xception models. The
characteristics extracted from the CNN model outputs
were categorized using a variety of machine-learning
techniques, including softmax, random forest (RF), SVM,
and K-NN, with 94% accuracy. Sajid et al. (2019)
proposed a deep learning-based method for brain tumor
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segmentation using MRI images. They used a patch-
based hybrid CNN architecture for this. If the output
label could not be predicted while analyzing the
network output, labeling was performed using both
local and contextual information. The images were
normalized using a preprocessing step and then post-
processed to reduce minor positive errors in the
proposed method, thus skipping the CNN network feed-
forward. The BRATS 2013 dataset was used to train the
network, and sensitivity and specificity values of 0.86
were obtained according to the membrane score.

In this study, we proposed a novel CNN model for brain
tumor multi-classification using brain MRI images.
Three different state-of-the-art CNN models were used
for the comparison: AlexNet, ShuffleNet, and
SqueezeNet. According to the results obtained in the
experimental  studies, the proposed model
outperformed other models.

This paper is organized as follows: section 2 presents
material and method. Section 3 presents experimental
results and section 4 presents discussions. in the section
5, results are given.

2. Material and Method

This section contains details of the proposed method
and the dataset used. In addition, in this study, article
research and publication ethics were complied with.

2.1. The Dataset

In this study, the dataset from Kaggle (2020) includes
brain MRI images that are divided into four classes:
meningioma, pituitary, glioma, and no tumor. This
dataset contains 3264 images. Different numbers of
images are included in each class. There are 500 images
in the no tumor class, 937 images in the meningioma
class, 901 images in the pituitary class, and 926 images
in the glioma class. Table 1 lists the number of classes in
the dataset and the number of images used for testing
and training in each class. The dataset was split into
training and testing datasets. Some examples of the
training and test images are shown in Figure 1 and
Figure 2.

Figure 1. Train Images
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Figure 2. Test Images

Table 1

Classes in Data Set and the Number of Images Used for
Training and Testing in Each Class.

Class Train (80%) Test (20%) Total
Meningioma 750 187 937
Pituitary 721 180 901
Glioma 741 185 926
No Tumor 400 100 500
Total 2612 652 3264

2.2. Data Pre-preparation

In this study, several parameters were adjusted to
obtain a unique CNN model. Among these parameters,
the dataset must be resized to adjust the model input
image size. For this purpose, the original dataset was
transformed into different sizes in the flow diagram
shown in Figure 3, and the best result was obtained with
an input image size of 224x224x3.

Raw Images |—»| Image resizing

[
h 4

Training CNN

f |

///
>

- /s the best \\\
No ..

CNN /

achieved? -

Best input image size
for CNN

Figure 3. Flow Diagram Finding the Best Input Image
Size
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2.3. Proposed CNN Architecture

CNNs have been widely used in many other fields where
the input data can be any signal, such as audio and video,
despite the fact that they now focus on image
classification and accept images as input data. Feature
extraction and classification are the two components of
a standard CNN model. The five primary layers of the
CNN architecture are the input, convolution, pooling,
fully connected, and classification layers. Through
successive trainable layers arranged sequentially, the
CNN conducts feature extraction and classification.
Convolutional and pooling layers are often included in
the feature extraction phase of a CNN, whereas fully
connected and classification layers are typically
included in the classification phase.

The architecture of the proposed method is shown in
Figure 4. First, the images in the dataset were resized.
Following the resizing procedure, the dataset was split
into training (80%) and test (20%) sets. During the
training process, more than one CNN model was
designed and trained. The layer architecture of the CNN
model that provides the highest accuracy rate among
the models is shown in Figure 6. As seen in the figure,
The CNN model has 24 layers that are 1 input, 7
convolutions, 7 ReLu, 3 batch normalization, 3 max
pooling, 1 fully connected, 1 softmax and 1 classification
layers. The parameter values for each layer of the model
are listed in Table 2.

Setting
Hyper-parameters

Network

Training
& Training

Validation Set

Dataset Resizing

Data
Test Set

Figure 4. Flowchart of the Proposed Method

3. Experimental Studies

The technical details of the computer used for the
experimental studies and the experimental results are
presented in this section.

3.1. Technical Specification of the Computer

In the experimental tests, the deep learning library was
implemented using the MATLAB 2021b software. The
computer's technical specifications for use in
experiments are as follows: Intel(R) Core (TM) i5-8400
CPU @ 2.80GHz (6 CPUs), 2.8GHz, 16 GB RAM, and
NVIDIA GeForce GTX 1080 Ti with 11 GB memory.
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3.2. Experimental Results

Three different pre-trained CNN models: AlexNet,
ShuffleNet, and SqueezeNet, as well as the proposed
CNN model, were used in the experiments. These pre-
trained models were trained on millions of labeled data.
Our model was trained only on the dataset used in this
study. The hyperparameters are crucial for model
training. Therefore, they should be carefully chosen.
Table 3 lists the hyperparameters selected for this
study. Optimizers such as SGD, Adam, Adagrad,
AdaDelta, and RMSProp are algorithms or methods used
to change the attributes of a neural network, such as
weights and learning rate, to reduce losses. The learning
rate controls the weight update in the optimization
algorithm. It can use a fixed learning rate, gradually
decreasing learning rate, momentum-based methods, or
adaptive learning rates, depending on the choice of
optimizer. The number of epochs is the number of times
that the entire training set passes through the neural
network. The batch size is typically preferable in the
learning process of a CNN. A range of 16-128 is a good
choice for testing. SGDM was selected as an optimizer
because it showed better performance during the
training phase than the other optimizers. The learning
rate is usually chosen as 0.001 for Cclassification
problems. The accuracy of the models did not change
after the 17th epoch. Therefore, 17 was selected to
reduce the computational cost. The GPU memory of the
computer confines the amount of data that will be
processed simultaneously. Therefore, in this study, we
used a batch size of 64. This value is the upper limit for
GPU memory used in the study.

In the first experiment, AlexNet was used; however, the
size of the image input layer was 227x227x3. To train
the model, we replaced the image input layer with a
224x224x3 dimensional input. Additionally, AlexNet's
fully connected layer includes 1000 classes. It has been
replaced with a new fully connected layer with four
classes. After 17 epochs, a classification accuracy of
80.5% and a loss of 0.47 are obtained in the training
phase. It is seen in Figure 5. The confusion matrix
obtained by AlexNet during the test process after the
training phase is shown in Figure 10.

—e—Mini-batch Accuracy  —#—Validation Accuracy

=& Mini-batch Loss =—s-—Validation Loss

Accuracy (%)
oENEB48 3888
Q B N W A U O N B W

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Epoch

Figure 5. Accuracy and Loss Curves for AlexNet
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Input
ConvzD-1
RelLu-1
Conv2D-2

Table 2

Classes in Data Set and the Number of Images Used for Training and Testing in Each Class

Relu-2

MaxFPool2D-1

| BatchMNorm-1 |

Conv2D-3
RelLu-3
Conv2D+4

RelLu-4

Conv2D-5
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RelLu-5
MaxPool2D-2
‘J BatchMNorm-2 ‘
Conv2D-6

Figure 6. Proposed CNN Model

RelLu6

Conv2D-7

RelLu-7

MaxPool2D-3
|’ BatchNorm-3 |

Layer Name Activation Maps Learnable Parameters Total Learnable
Parameters
Input 224x224x3 - 0
Conv2D-1 224x224x32 Weights:1x1x3x32, Bias:1x1x32 128
ReLu-1 224x224x32 - 0
Conv2D-2 224x224x64 Weights:1x1x32x64, Bias:1x1x64 2112
ReLu-2 224x224x64 - 0
MaxPool2D-1 111x111x64 - 0
BatchNorm-1 111x111x64 Offset: 1x1x64, 128
Conv2d-3 110x110x64 Scale: 1x1x64 16448
ReLu-3 110x110x64 Weights:2x2x64x64, Bias:1x1x64 0
Conv2D-4 108x108x64 - 36928
ReLu-4 108x108x64 Weights:3x3x64x64, Bias:1x1x64 0
Conv2d-5 106x106x128 - 73856
Weights: 3x3x64x128, 0
ReLu-5 106x106x128 gBiaS: Tie128
MaxPool2D-2 51x51x128 - 0
BatchNorm-2 51x51x128 - 256
Conv2D-6 49x49x128 Offset: 1x1x128, 147584
ReLu-6 49x49x128 Scale: 1x1x128 0
Weights: 3x3x128x128, 262272
Conv2D-7 46x46x128 gBiaS: o1
ReLu-7 46x46x128 - 0
Weights: 4x4x128x128, 0
MaxPool2D-3 9x9x128 gBiaS: eix128
BatchNorm-3 9x9x128 - 256
FC 1x1x4 - 41476
Softmax 1x1x4 Offset: 1x1x128, 0
Classification Output 1x1x4 Scale: 1x1x128 0
Number of total learnable parameters 581444

Table 3
Hyperparameters
Parameters Value
Optimizer SGDM (stochastic gradient descent with momentum)
Learning Rate 0.001
Epoch 17
Batch Size 64
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In the second experiment, ShuffleNet pre-trained model
was used. The input size of the ShuffleNet was
224x224x3. Similar to AlexNet, ShuffleNet's fully
connected layer includes 1000 classes. It has been
replaced with a new fully connected layer that also has
four classes. The convergence graphs obtained using
ShuffleNet are presented in Figure 7. ShuffleNet
achieved a classification accuracy of 90.17% and loss of
0.28 after 17 epochs. The confusion matrix obtained by
ShuffleNet for the test images is shown in Figure 11.

3
100

25
80
_ 2
2w
1] batch Accuracy Accuracy 1:55
=3
i —e—Minl-batch Loss —e—Validation Loss 1
20 05
0 0
1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17

Epach

Figure 7. Accuracy and Loss Curves for ShuffleNet

In the third experiment, SqueezeNet was used. However,
the size of the image input layer of SqueezeNet was
227x227x3. For training the model, we replaced the
image input layer with a 224x224x3 dimensional input.
In addition, SqueezeNet's fully connected layer includes
1000 classes. It has been replaced with a new fully
connected layer that has four classes. As shown in Figure
8, after 17 epochs, a classification accuracy of 89.95%
and aloss of 0.34 are obtained after the training process.
The confusion matrix obtained by SqueezeNet for the
test images is shown in Figure 12.

100 4
% 35
80
3
70
gw 2
z
g 50 =o=—Mini-batch Accuracy ==g— Validation Accuracy 2
faw
~o—Mini-batch Loss —e—Validation Loss 15
30
1
20
10 ————— 05
. W\/—. 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Epoch

Figure 8. Accuracy and Loss Curves for SqueezeNet

Finally, experimental studies are conducted using the
proposed CNN model. Convergence graphs of the
proposed model are shown in Figure 9. After the 17th
epoch, the accuracy rate was 92.82% and the loss value
was 0.25. The confusion matrix obtained by the
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proposed CNN model on the test images is given in
Figure 13.
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Figure 9. Accuracy and Loss Curves for Proposed CNN
Model
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Figure 10. Confusion Matrix for AlexNet
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Figure 11. Confusion Matrix for ShuffleNet
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Figure 12. Confusion Matrix for SqueezeNet
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Figure 13. Confusion Matrix for Proposed CNN

The comparison between the proposed CNN model and
other state-of-the-art models is presented in Table 4.
Table 4 shows that the highest accuracy rate is obtained
using the proposed CNN. The other models are
ShuffleNet, SqueezeNet, and AlexNet in descending
order.

Table 4

Comparison Validation Accuracy and Loss Values with
the Other Studies
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model achieved the highest accuracy rate with 92.82%,
recall rate with 92.5%, precision rate with 93% and F1-
score with 93%. The other models are ShuffleNet,
SqueezeNet, and AlexNet in descending order.

Table 5

Comparison Performance Metrics with the Other
Studies (%)

Model Accuracy Recall Precision Fl-
Score
AlexNet 80.19 80.5 80.5 80.25
ShuffleNet 91.58 91.75 91.75 91.75
SqueezeNet 89.55 91 89 89.75
Proposed
CNN 92.82 92.5 93 93

Validation

Model accuracy (%) Loss
AlexNet 80.5 0.47
ShuffleNet 90.17 0.28
SqueezeNet 89.95 0.34
Proposed CNN 92.82 0.25

The accuracy values obtained using the models for the
test data are listed in Table 5. In the table, the proposed

4., Discussion

It is known that CNN-based methods used in the early
diagnosis of brain tumors are widely used. However,
studies are still being conducted to determine the model
with the best performance among these methods. The
biggest difference between these studies is in the
parameter values used in the design of the models.
Therefore, researchers are developing CNN-based
architectures with different parameters for tumor
classification in brain MRI images. In this study, a CNN
model was designed to classify brain tumors using brain
MRI. To show the efficiency of our model, we compared
it with 3 different pre-trained CNN models.

The confusion matrix for AlexNet is shown in Fig .10. It
is obvious that no_tumor class is the best estimated class
with 82 correct and 40 incorrect estimations.
meningioma_tumor class is the worst estimated class
with 143 correct and 101 incorrect estimations.
Confusion matrix in Figure 11 shows ShuffleNet's
estimation performance. pituitary_tumor class is the
best estimated class with 175 correct and 13 incorrect
estimations. meningioma_tumor class is the worst
estimated class with 167 correct and 52 incorrect
estimations. For SqueezeNet in Fig 12, the no_tumor
class is the best estimated class, with 171 correct and 54
incorrect estimations. Meningioma_tumor class is the
worst estimated class with 167 correct and 52 incorrect
estimations.

The confusion matrix in Figure 13 shows the estimation
performance of the proposed model. The
pituitary_tumor class is the best estimated class, with
178 correct and nine incorrect estimations. The no-
tumor class has 95 correct estimations and 14 incorrect
estimations. Glioma _tumor has 150 correct and 33
incorrect estimations, respectively. Finally, the worst
estimated  class for  proposed  model is
meningioma_tumor class with 172 correct and 36
incorrect estimations.
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It was observed that the proposed CNN model
performed better than the other models. These
performance values were achieved without pretraining.
Other pre-trained models performed poorly despite
being used with thousands of data. This indicates that
better models can be designed without transfer learning
on fewer datasets.

5. Conclusions

Brain tumors are among the most harmful anomalies to
human health. Precisely classifying brain tumors is
difficult and relies on the experience of doctors and
experts. With the advancement of computer science,
computers have begun to implement classification
issues using machine learning and deep learning
approaches. In this study we proposed a CNN model to
classify brain tumors using brain MRI images. In the
proposed model there are 24 weighted layers that was
explained in section 2.

The experiments were conducted on a dataset of four
classes. To demonstrate the efficiency of the proposed
CNN model, it was compared with three pre-trained
CNN models: AlexNet, ShuffleNet, and SqueezeNet. In
comparison, the proposed CNN model had the highest
classification accuracy of 92.82% and the lowest loss of
0.2481. ShuffleNet has the second highest classification
accuracy of 90.17% and a loss of 0.28. SqueezeNet has
higher classification accuracy than AlexNet. AlexNet has
the worst accuracy and loss values.

In the next studies, we are planning to merge a couple of
pre-trained models to increase classification accuracy
on MRI images.
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Keywords Abstract

Eutectic High Entropy Alloy (Coz5CrisFez0Niag)s3Al17 is a eutectic high entropy alloy (EHEA), which is composed of face
Vacuum Arc Melting centered cubic (FCC) and body centered cubic (BCC) phases. This dual (FCC+BCC) phase
Rolling mixture provides good ductility and strength combination. In the scope of this study, it
Annealing was aimed to analyze the effects of mechanical, thermal and thermomechanical

processes on the microstructure and hardness of (Coz5CrisFezoNis)s3Al17 EHEA, which
was produced by the vacuum arc melting and casting method. With this aim, cold and
hot rolling as well as different annealing treatments were applied to the as-cast plates.
The cold-rolling was performed at room temperature while the hot rolling temperature
was varied in between 500-1100 °C. The maximum deformation that can be applied was
50% and 60 % after cold and hot rolling, respectively. Since the results of Rietveld
analyses suggested that FCC content increases with increasing deformation temperature,
the limited deformability was attributed to the deformation-induced ordering and/or
local amorphization within FCC phase. The hardness was increased from 280 HV to 412
HV after 50% cold-rolling. A similar high hardness value (399 HV) was obtained after
~50% deformation at 750°C indicating that the dynamic recrystallization had no
significant effect up to 1100 °C.

TERMOMEKANIK ISLEMIN (Co25CrisFezoNis0)s3Al17 YUKSEK ENTROPILI ALASIMININ

MIKROYAPISINA VE SERTLIGINE ETKISi

Anahtar Kelimeler 0z

Otektik Yiksek Entropili (CozsCrisFezoNis)ssAl17 yiizey merkezli kiibik (FCC) ve hacim merkezli kiibik (BCC)

Alasim . fazlardan olusan bir étektik yiiksek entropili alasimdir (EYEA). Bu ikili faz karisimi

Vakum Ark Ergitme A ; . <

Haddeleme (FCC+BCC), iyi s'uneklzk ve rr?.uka\/.fzmet If()'mbf.nas%/onu saglar. Bu ;al_z,sma kapsaminda,

Taviama vakum ark ergitme ve dokiim yéntemi ile iiretilen (Coz5CrisFezoNiso)s3Ali7 EYEA'nin
mikroyapisi ve sertligi iizerine mekanik, termal ve termomekanik siireglerin etkisinin
incelenmesi amaglanmistir. Bu amagla, dékiim levhalara soguk ve sicak haddeleme ile
farkl tavlama islemleri uygulanmigstir. Soguk haddeleme oda sicakliinda yapilirken,
sicak haddeleme sicakligi 500-1100°C arasinda degistirilmistir. Soguk ve sicak
haddeleme sonrasinda uygulanabilen maksimum deformasyon sirasiyla %50 ve %60
olmustur. Rietveld analizlerinin sonuglari, FCC miktarinin artan deformasyon sicakligi
ile arttigini gésterdiginden, sinirli deforme edilebilirlik, FCC fazinda deformasyona bagl
diizenlenime ve/veya lokal amorfizasyona baglanmigstir. %50 soguk haddelemeden
sonra sertlik 280 HV'den 412 HV'ye yiikselmistir. Benzer yiiksek sertlik degeri (399 HV)
750°Cde ~%50 deformasyondan sonra elde edilmistir ki bu da dinamik yeniden
kristallesmenin 1100 °Cye kadar belirgin bir etkisinin olmadigini géstermektedir.
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1. Introduction

(CozsCrisFez20Ni40)s3Al17 is an eutectic high entropy alloy
(EHEA), which is composed of face centered cubic (FCC)
and body centered cubic (BCC) phases. This dual
(FCC+BCC) phase mixture provides good ductility and
strength combination (Yiping et al., 2014). In the scope
of this study, the effects of cold and hot rolling as well as
annealing on the microstructure and hardness of
(CozsCrisFez0Ni40)s3Al17 alloy were investigated.

2. Literature Review

High entropy alloy (HEA) concept is a highly appealing
topic for industry in recent years. This new design of
alloying has successful outcomes in various fields
considering their mechanical and physical properties,
such as the unique wear resistance, excellent strength
and thermal stability at elevated temperatures, superior
elongation, great fatigue and fracture resistance (Tong
et al., 2005; Senkov, Wilks, Scott and Miracle, 2011;
Hemphill et al., 2012; Pickering and Jones, 2016).

The strength originated from BCC phase and the
ductility originated from FCC phase were combined and
optimized with eutectic high entropy concept (Yiping et
al, 2014). Further improvements can be achieved by
thermomechanical processing of EHEAs. Although there
are limited studies in the literature, a brief review will
be presented.

Bhattacharjee et al. (2018) studied the effects of cryo-
rolling and annealing on the microstructure and
mechanical properties of AlCoCrFeNiz: EHEA. After
multi-pass cryo-rolling, reduction in thickness up to
90% was achieved. The high-strength that was achieved
after cryo-rolling resulted in brittleness of the alloy but
after annealing at 800 °C for 1 hour, the alloy displayed
a good combination of strength and ductility. In a similar
study, Wani et al. (2017) studied the effect of cold-
rolling and annealing on the microstructure and
mechanical properties of AlCoCrFeNizi EHEA. They
revealed that 90% cold-deformation has resulted in
disordering of L1z phase while annealing resulted in the
breakdown of lamellar eutectic microstructure. The
warm-rolling of the same alloy was studied by Reddy et
al. (2019) at different temperatures (400 °C, 600 °C and
750 °C). The deformation induced disordering of L1:
phase was also detected after 90% deformation at 750
°C. Moreover, the fraction of FCC/L1l: phase has
decreased while nonlamellar structure became more
dominant after deformation at 750 °C. High temperature
deformation characteristics, on the other hand, was
studied by Tian et al. (2020) for AlCoCrFeNi HEA. It was
observed that the equiaxed dendritic microstructure
after casting became elongated normal to the
compressive direction while grain elongation extent
increased with the increased strain rate. Moreover, o
and FCC phases in addition to A2+B2 structure of the as-
cast alloy were detected after hot-deformation.
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In a recent study, the effect of the interface coherency
between FCC/BCC layers on the plastic deformation
characteristics was investigated (Yang et al,, 2023). It
was shown that the coherency of the interphase has a
crucial role in the plastic deformation mechanisms of
EHEAs. If the interface between FCC and BCC phases is
coherent, then co-deformation takes place by
continuous slipping of dislocations while semi-coherent
interface is an effective barrier to dislocation
penetration from FCC to BCC and results in local
deformation of FCC. Moreover, the deformation-induced
amorphization was detected under high-plastic
deformation in the case of semi-coherent interface,
which results in a considerable strengthening effect.

Although there are researches on the deformation of
EHEAs other than AlCoCrFeNi system (Li, Yiping, Wei,
Zhigiangi and Tingju, 2016; Jain, Rahul, Samal, Kumar
and Phanikumar, 2020; Shah, Rahul, Bysahk, and
Panikumar, 2021) detailed studies on the mechanisms
are concentrated on AlCoCrFeNi systems (Li et al,
2021). In the scope of this study, a more complex alloy
composition has been selected in order to contribute to
the literature in terms of deformation characteristics of
EHEAs, which is a recently developing research field.

3. Material and Methods

The phase diagram of (CozsCrisFezoNis0)100-xAlx, which
was calculated by ThermoCalc (2017) TCHEA2
database, is given in Figure 1. The composition of the
alloy was selected to be (CozsCrisFez2o0Nis0)s3Al17 in order
to get a eutectic system since the studies on the
deformation of eutectic HEAs (EHEAs) are still limited in
literature. In this study, research and publication ethics
were complied with.

Al, Co, Cr, Fe and Ni with at least 99.9 % purity (Alfa
Aesar, USA) were vacuum arc melted and casted under
argon atmosphere. In order to get homogenous
structure, remelting were done for three times. The
thickness of each casted plate was 6.6 mm while the
width and length were 11.5 mm and 65 mm,
respectively.
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Figure 1. The Phase Diagram Of (Coz5CrisFe20Ni40)100-x
Alx

(CozsCrisFez0Nis0)s3Ali7 EHEA plates were either rolled
at room temperature and annealed afterwards or hot
rolling was applied to observe the effect of dynamic
recrystallization. The rolling has continued up to
maximum deformation that can be attained at that
temperature. Lab-scale roll-mill (Durston FSM160,
England) was used for the deformation and the amount
of deformation was calculated in terms of true strain
using the reduction in the cross-sectional area of the
plates. The annealing time after cold-rolling was kept
constant at 1 hour. The maximum hot-rolling
temperature, on the other hand, was selected to be 1100
°C since the melting temperature of the alloy is 1376 °C.
All mechanical, thermal and thermomechanical
processes were given in Table 1.

Table 1. All Processes That Were Applied on
(Co25CrisFe2o0Nis0)s3Ali7 EHEA Plates.

Treatment Details
Cold Rolling %50 Deformed
%50 Deformed+ Annealed at 750 °C
Annealing
%50 Deformed+ Annealed at 1000 °C
%44 Deformed at 500 °C
Hot Rolling %53 Deformed at 750 °C

%60 Deformed at 1100 °C

The metallographic specimen preparation was done
with Struers automatic polishing machine and 25 vol. %
nitric acidic solution (25 vol. % nitric acid + 75 vol. %
distilled water) was used as etchant. All optical
micrographs were taken at 200x magnification.
Moreover, SEM (Zeiss, Supra 50VP, Oberkochen,
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Germany) with an  energy-dispersive  X-ray
spectroscopy (EDX) attachment was employed for
detailed  microstructural characterization. @~ SEM
micrographs were taken with back-scattered electron
(BSE) mode under 20 kV excitation voltage.

XRD analyses (MiniFlex600, Rigaku, Japan) were
applied with Cu-Ka radiation at 40 kV and 15 mA and
the scanning rate was 2°/min in between 30-90°. XRD
analysis results of all plates were processed with
Rietveld analysis to observe the change of the
percentages of phases present.

The hardness measurements were done at the end of
each process by using EMCO Test (Priifmaschinen
GmbH, Austria). Vickers micro-hardness measurements
were taken under 10 kg force that is applied for 3
seconds and at least 5 measurements were taken to
determine average micro-hardness values.

4., Results and Discussions

The microstructures of all alloys were generally
consisted of lamellar eutectic structure as given in
Figure 2. Aline analysis (yellow line on Figure 2 (a)) was
taken to determine the phases that constitutes the
eutectic phase mixture. The phase having lighter color
(seems to have higher level) was labelled as region A
while the other one having darker color (seems to have
lower level) was labelled as region B. The amounts of Al
and Ni were observed to be increased in region B while
the amounts of other elements were observed to be
increased in region A as the result of EDX analysis
(Figure 2(b)). Accordingly, lamellar structure was found
to be consisted of FCC/L12 (region A) and BCC/B2
(region B) phases.

1%
3um
Mag= 500KX [

Figure 2. (a) SEM Micrograph (5000X) Showing Where
EDX Line Analysis Was Taken.
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Cobalt Iron
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Figure 2. (b) The Results Of EDX Line Analysis, Where
Red Belongs To Aluminum, Yellow Belongs To
Chromium, Green Belongs To Iron, Blue Belongs To
Cobalt And Pink Belongs To Nickel.

As it can be seen from Figure 3, the exact grain
boundaries could not be distinguished, rather domain
structures were detected in the microstructure of
(CozsCrisFez20Ni40)s3Al17 alloys.

Figure 3. The Optical Micrograph Of As-Cast Alloy.

The microstructure of cold-rolled alloy was given in
Figure 4. The refinement of the microstructure after
cold-rolling is obvious in the optical micrograph. The
black points in SEM micrograph, on the other hand,
belong to casting porosities.
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Figure 4. (a) Optical And (b) SEM Micrographs Of 50%
Cold-Rolled Alloy (4000X).

The cold-rolled plates were annealed at 750 °C and
1000 °C, respectively (Figure 5). The lamellar structure
was maintained after annealing. However, the edges of
the lamellae were observed to change from planar to a
more roughed structure.
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Figure 5. SEM Micrographs Of The Alloys, Which Were
Annealed At (a) 750°C And (b) 1000°C, Respectively
(4000X).

According to XRD analysis results, B2 peak was
appeared at ~35° with the applied cold-rolling
indicating a tendency towards ordering with
deformation (Figure 6). Since ordered phases have
lower deformability than disordered phases, this can be
the reason of limited (maximum 50%) deformability
during cold rolling. The peaks at ~45° and ~85°, on the
other hand, have become more diffuse. This was
attributed to increased dislocation density with the
applied deformation.
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Figure 6. XRD Results Of As-Cast, Cold Rolled And
Annealed Plates.

The Rietveld analyses (Table 2), on the other hand,
indicated a slight decrease in FCC content after
annealing.

Table 2. The Results Of Rietveld Analyses

Treatment FCC/L1l: BCC/B2

(%) (%)
50% cold-rolled 70 30
Annealed at 750 °C 65 35
Annealed at 1000 °C 66 34
449% hot-rolled at 500 °C 68 32
53% hot-rolled at 750 °C 71 29
60% hot-rolled at 1100 °C 81 19

The microstructures after hot rolling at 500°C, 750°C,
and 1100 °C were given in Figure 7. [t was observed that
the lamellar structure had become distorted with
decreasing deformation temperature. Moreover,
lamellae thicknesses were decreased with the
increasing deformation temperature.
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Figure 7. SEM Micrographs (5000X) Of The Alloys,
Which Were Hot-Rolled At (a) 500 °C, (b) 750 °C And (c)
1100 °C, Respectively.

The results of XRD analyses after hot-rolling at various
temperatures were given in Figure 8. The results
obtained after hot-rolling at 500 °C were similar to that
obtained after cold-rolling in terms of peak widening.
This was attributed to the suppression of
recrystallization due to the lower temperature of
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deformation. The fraction of BCC/B2 phase was
observed to be decreasing with increasing deformation
temperature according to the Rietveld analyses. The
maximum deformability has increased with the
increased temperature, as expected.

+FCCIL1,
+ BCC/B2

60% Deformed
at 1100 °C
J ¢ * * *

53% Deformed
at 750 °C
I N

44% Deformed

S — L -
\ Cold Rolled

T T T T T T T T T
30 40 50 60 70 80 90

20 (degree)

Figure 8. XRD Analyses Results Of Hot Rolled Plates
(XRD Analysis Result of Cold Rolled Plate Was Added
For Comparison).

Intensity(a.u.)

The maximum deformation of 60% was attained after
hot-rolling at 1100 °C. Although the FCC content of the
alloy has increased with increasing deformation
temperature (Table 2), the expected increase in
deformability was not attained.

It was known that stacking fault energy (SFE) plays an
important role in the deformation of FCC-based HEAs,
especially when it is low (Su, Wu, Raabe and Li, 2019; Lij,
Zhao, Ritchie and Meyers, 2019; Paul, Tripathy, Saha
and Bhattacharjee, 2023). Xu et al. (2021), on the other
hand, revealed that SFE increases with increasing Al
content while Deng et al. (2015) proposed increased Ni
content also increases SFE. Since both Al and Ni contents
of (CozsCrisFez0Nia0)s3Al17 is high, the effect of SFE was
considered to be negligible on decreased deformability.
Moreover, the deformation of dual-phase alloys
commonly involves complex mechanisms and it was
mentioned before that the nature of the interphase has
a pronounced contribution (Yang et al., 2023). On the
other hand, the formation of L1 nano-precipitates
within FCC phase during low temperature annealing
after cold-working has been reported (Gwalani et al,
2019). Accordingly, the deformation-induced ordering
and/or amorphization can be the reasoning the behind
the limited deformability.
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Table 3. The Hardness of (CozsCrisFe20Nia0)s3Aliz EHEA
Plates

Treatment Hardness (HV)
As-cast 280 £12
50% cold-rolled 412 7
Annealed at 750 °C 356 +5
Annealed at 1000 °C 373 45
44% hot-rolled at 500 °C 393 +8
53% hot-rolled at 750 °C 399 +9
60% hot-rolled at 1100 °C 353 45

Table 3 shows the hardness values of the plates. The
hardness was increased from 280 HV to 412 HV after
cold-rolling as expected. The increase in hardness can
both be attributed to increased dislocation density and
stress-induced ordering. When the plates were
annealed after cold-rolling, a decrease in hardness was
observed but the hardness values were still higher with
respect to that of as-cast plate. This can be due to the
refinement of the structure as well as ordering of FCC
phase, which cannot be detected with the available
analysis methods.

The highest hardness among hot-rolled plates was
measured after hot-rolling at 750°C. It was even higher
when compared with the hardness of the plate, which
was annealed at 750°C after cold-rolling, although
having higher FCC content. This can be due to the
balance between the generation of dislocations and the
dynamic recrystallization. However, the ordering could
also play a role in higher hardness. The presence of L1
phase can result in unusual variation of mechanical
properties with temperature such as yield strength
anomaly (Vikram et al., 2022). Transmission electron
microscopy (TEM) analyzes to be performed at varying
temperatures and/or under deformation can be
enlightening about the origin of the results obtained.

5. Conclusions

In the scope of this study, the effects of cold and hot
rolling as well as annealing on the microstructure and
hardness of (CozsCrisFe20Ni40)s3Al17, which is a eutectic
alloy, were investigated. It was chosen according to the
relatively higher FCC content since FCC phase has higher
ductility.

However, the maximum deformation of only 60% was
attained after rolling at 1100 °C. Since the results of
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Rietveld analyses suggested that FCC content increases
with increasing deformation temperature, the limited
deformability was attributed to the deformation-
induced ordering and/or local amorphization within
FCC phase. Further studies, especially with TEM, have to
be conducted in order to be certain about the origin of
this phenomenon.

Although, the maximum deformation could not exceed
60%, the hardness values indicate the strengthening of
(CozsCrisFezoNis0)s3Aliz HEAs up to ~50% with
thermomechanical treatment. Moreover, the
information that has gained during this study, has given
insight to the behavior of eutectic HEAs under
mechanical and/or thermal processes.
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Anahtar Kelimeler 0z
Twisted tall building, Twisted tall building structures have recently been used as an architectural and
seismic performance, structural form. On the other hand, there are very few studies on the behavior of
wind loads, twisted tall buildings under seismic and wind lateral loads. In this study, the behavior of
composite shear wall, twisted tall buildings under seismic and wind-induced loads is investigated and
case study compared with their prismatic counterpart. As a case study, a twisted building in

Miami, Florida, is modified by twisting all floor levels with an angle of 3 degrees.
Lateral forces (wind and seismic) are considered for this location and using ASCE 7-16.
The 3-dimensional models are created by using ETABS for analysis. The structural
system of the building consists of a composite core system. The floor system consists of a
post-tensioned concrete slab and the surrounding twisted columns are reinforced
concrete. For the analysis of twisted tall building structures under lateral loads such as
wind loads and seismic loads, the application of provisions and the behavior of
prismatic and twisted tall building structures are discussed. In the study, it was found
that the lateral stiffness of the twisted tall building under seismic loads is lower than
that of the prismatic tall building.

BURGULU YUKSEK YAPILARIN YANAL YUKLER ALTINDA DAVRANISI

Keywords Abstract

Burgulu yiiksek yapilar, Burgulu yiiksek bina yapilari son dénemlerde mimari ve yapisal bir form olarak

deprem performansi, kullanilmaktadir. Ote yandan, burgulu yiiksek yapilarin, deprem ve riizgar yiikleri
riizgar yiikleri, altinda yanal yiikler olarak davranisina iliskin ¢ok az ¢alisma bulunmaktadir. Bu
kompozit perde duvar, calismada, burgulu yiiksek katli yapilarin deprem ve riizgar yiikleri altindaki davranisi
vaka analizi incelenmis ve emsali olan prizmatik yapi ile karsilastirilmistir. Bir vaka analizi olarak,

Miami, Florida'da bulunan burgulu bir yiiksek bina, tiim katlar1 3 derecelik bir aciyla
déndiiriilerek diizenlenmistir. Binanin bulundugu konumdaki yanal kuvvetler (riizgar
ve sismik) dikkate alinmis ve ASCE 7-16 yénetmeligi kullanilmistir. ETABS kullanilarak
analiz igin 3 boyutlu modeller olusturulmustur. Bina tagsiyici sistemi, betonarme kolonlu
kompozit bir cekirdekten olusmaktadir. Ddseme sistemi ardgermeli betonarme
ddsemeye sahiptir ve burgulu kolonlar betonarmedir. Riizgar yiikleri ve sismik yiikler
gibi yanal yiikler altinda burgulu yiiksek bina yapilarinin analizi i¢in, yonetmelik
hiikiimlerinin uygulanmasi ve prizmatik, burgulu yiiksek bina yapilarinin davranisi
kiyaslamal olarak tartisiimistir. Calismada, deprem yiikleri altinda burgulu yiiksek
binanin yanal rijitliginin prizmatik yiiksek binaya gére daha diisiik oldugu tespit

edilmistir.
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increased value of land in cities, prestige, and
1. Introduction competition between countries. There are many
building forms used to construct tall buildings, and one
of these building forms is twisted tall buildings.
Twisted tall buildings are defined by the Council on Tall

Interest in tall buildings has continued from the past to
the present. The construction of tall buildings has
accelerated for reasons such as population growth, the
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Buildings and Urban Habitat (CTBUH) as the gradual
rotation of the floor or facade toward the upper floors
of the building. The popularity of twisted tall building
structures is increasing day by day because twisted tall
buildings have better aerodynamic performance under
wind loads than prismatic structures (Giinel and Ilgin,
2014). The first example of a twisted tall building is the
190-meter Turning Torso in Malmoe, Sweden, which
was completed in 2005. The twisted 632-meter
Shanghai Tower is currently the world's second tallest
building.

Some researchers have published on the topic of
twisted tall building structures. In (Moon, 2012, 2015),
maximum displacement and lateral stiffness by
modeling the twisted structure at different angles and
heights and found that the lateral stiffness decreases
with increasing rotation in twisted structures. It was
stated that the twisted tall building structures are not
very beneficial to the structural system. In (Kim and
Hong, 2011), the tilted structure with a braced core and
the twisted structure with a reinforced concrete core
with the prismatic structure compared and evaluated
the capacities of progressive collapse resistance with
dynamic analysis. It was observed that the potential
progressive collapse of the twisted structure did not
change significantly compared to the prismatic
structure. In (Lee, Kim, Kang and Kim, 2014), seismic
behavior of a 60-story twisted tall building with an
outrigger system at different angles and locations was
investigated. It was found that the angle of rotation
affects the relationship between bearing capacity and
story displacements for twisted tall buildings. In (Kwon
and Kim, 2014), resistance to earthquake loads by
removing columns in twisted structures with different
angles was investigated. Several researchers have
conducted experimental studies on twisted tall
buildings with wind tunnel tests (Tanaka et. al.,, 2013
and Bilgen, 2019). In these studies, twisted tall building
structures were found to perform well in terms of
aerodynamic shape. In (Shabab, Irtaza and Agarwal,
2021), the aerodynamic coefficients of prismatic and
twisted tall buildings with different cross-sections
were compared using the computational fluid dynamics
method. It was found that wind aerodynamic load is
lower in twisted tall buildings than in prismatic tall
buildings.

Some researchers have made some classifications of
twisted tall buildings (Vollers, 2015 and Taskin, 2019).
In this study, twisted tall building structures are
divided into two types in terms of structural
engineering. The first type (Type-1) is twisted
structures in which the center of the structural system
is fixed in the core and the facades or floors rotate. The
second type (Type-2) is twisted structures in which the
outer structural system rotates while the inner core is
fixed. Examples of Type-1 and Type-2 are shown in
Fig.1 and Fig.2.
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() (b)

Figure 1. Examples of Type-1 Model of Twisted Tall
Building Structures: (a) Evolution Tower, Russia
(b) Shanghai Tower, China

(b)

Figure 2. Examples of Type-2 Model of Twisted Tall
Building Structures: (a) Cayan Tower, United Arab
Emirates ; (b) Al Bidda Tower, Qatar

Vhane Dasen

Q
Figure 3. Location of Investigated Twisted Tall Building
Structures

Figure 4. Grove at Grand Bay Towers a. Grove at Grand
Bay North Tower b. Grove at Grand Bay South Tower
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Grove at Grand Bays is the first twisted tall building in
the United States of America. Grove at Grand Bays
consists of two buildings, North and South, and they
have high ceilings and large terraces. In this study,
Grove at Grand Bay South Tower (Miami, USA) was
selected as a case study (Fig. 3). It has 21 floors and a
height of 93.8 meters, as shown in Fig. 4b. Analyses
were performed by using ETABS (CSI, 2020). The
buildings were modeled by using the existing structural
and architectural information. The behavior of the
structure was investigated under wind and seismic
loads.

2. 3-D Finite Element Modelling of Twisted Tall
Building Structures

2.1. Structural System of Grove at Grand Bay South
Tower

The height of each floor is 13.33 feet (4.064 m) of the
building, except for the top floor and podium floor. The
angle of rotation on each floor is approximately 3
degrees up to the 15th floor, and the building rotates
approximately 39 degrees counterclockwise overall.
The Grove at Grand Bay South Tower has 30-inch (762
mm) thick reinforced concrete shear wall with internal
steel plate at the core of the building. Steel plates up to
3.75-inches (95.25 mm) thick are placed in the inner
part of the shear wall. Rolled steels are used in the
boundary zone. The steel plates in the shear wall
extend to the 15th floor (Fig. 5). Diameter of a column
in a story is 30-inches(762 mm). The concrete strength
of the walls and columns in the building is 12,000 psi
(82.74 MPa), 10,000 psi (68.95 MPa), and 8,000 psi
(55.16 MPa). The longitudinal rebars are B500C-®36 in
the building, and S355 steel is used in the steel plate.
The floor system consists of a post-tensioned flat plate
slab. The thickness of the slab varies from 10 inches
(254 mm) to 12 inches (304.8 mm), and the concrete
strength of the slab does not exceed 12 ksi (82.74 MPa).
The torsion of the building is reduced by using a roof
truss system at the top of the building. Tower floor
plates are cambered by up to a half-inch(12.7 mm)
rotationally. The typical architectural plan of 20th floor
is shown in Fig. 6.

Figure 5. Steel Plates Inside the Composite Shear Wall
(DeSimone, Ramirez and Mohammad, 2015)

] ESOGU Eng. Arch. Fac. 2023, 31(1), 509-518

—

> @ O O m
2526

Figure 6. Architectural Plan of the 20th Floor (units are
in m)

2.2. Finite Element Modelling and Assumptions

The selected twisted tall building was modified at an
angle of three degrees from the first floor to the last
floor. The floor plans of the building are shown in Fig.7.
3D finite element models of the prismatic and twisted
tall building structures are shown in Fig. 8. The
concrete classes are C80/95, C70/85, and C55/67 on
the 1-11 level, 12-17 level, and 18-23 level,
respectively. The diameter of the circular reinforced
concrete columns and the thickness of the composite
shear walls are 762 mm. The #11 rebar used in the
columns and shear walls is #36 in the metric system.
The Grade 75 rebar class used in the selected building
is modeled as B500C rebar in the metric system. The
composite shear wall was modeled from bottom to top
because all floors rotate at an angle. The grade 50 steel
class in the internal steel plate was modeled as S355.
The I-shaped steel sections in the shear walls were
modeled as frame columns and connected to the multi-
layer composite shear wall with rigid links. The slabs
were modeled as reinforced concrete using C80/95
concrete in the modeling by assigning a rigid
diaphragm, and the thickness of the slabs was 11
inches (279.4 mm). The I-shaped steel in the composite
columns at the corner points of the shear wall was W
310 x 310 x 283, and the connecting beams between
the shear walls were modeled as composite. The hat
truss at the top of the structure was ignored in the
models. The cambered floors were not considered in
the models. All floors were considered the same height
(4.064 m). The bottom ends of columns and shear walls
were attached to the ground with fixed supports. The
soil class was taken from the site class map according
to the location of the building (Rong and Thomson,
2012).
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Figure 7. Plans of The Twisted Tall Building: (a) 3rd
floor (9-degree rotation); (b) 11t floor (33-degree
rotation); (c) 22rd floor (66-degree rotation)

Table 1. Wind Load Parameters for Prismatic Tall

Building
Parameter Value
Wind Speed 76 m/s
Exposure Type B
Gust Factor (X-Direction) 1.14
Gust Factor (Y-Direction) 1.12
B2 ==
i S
+ =
<

i

Figure 8. 3-D Finite Element Model of the Prismatic and
Twisted Tall Building Structures
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Table 2. Assigned Load and Seismic Load Parameters

Parameter Value
Super Dead Load 76 m/s
Live Load B

Ss 0,04
S1 0,02
Site Class D
Response Modification (R) 6.5
System Overstrength (1) 2.5
Deflection Amplification (Cq) 5.5
Occupancy Importance (I) 1

Super dead load was included in the total weight in the
analysis. For seismic loading, the additional %5
accidental eccentricities were included. Figure 9 shows
the horizontal elastic design spectrum derived from the
following equation 1(ASCE 2017). Because the selected
building is flexible, the gust factors are calculated in the
x and y direction according to ASCE 7-16(Section
26.11.5). For wind force calculations, the gust factor
effect depends on the natural frequency of the building
and the building plan dimensions. The gust factor effect
(Gf) was calculated 1.14 in the x direction and 1.12 in
the y direction. Table 1 and Table 2 show the load
parameters in the analysis. The percentage of modal
participation was over 90% for the prismatic and
twisted tall buildings.

Sos

Spectral Response Acceleration, Sa (g)

T, T L0 T,
Period, T (sec)

Figure 9. Design Response Spectrum (ASCE 7-16)

T
Sa = SDS(O'4 + 0,6T_) T<T0
0
S = Sp1
a = T To<Sa<Ts
S SDI TL
«=Trz TS, (1)
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The composite shear walls in the selected building
consist of steel plates and reinforced concrete (Figure
10). The composite shear wall was modeled in ETABS
as a shell with a multi-layer shell element (Figure 11).
The composite behavior was accounted for by
modeling the I-steel-shaped composite corner regions
as frames and connecting them to the multilayer shell
model with rigid links. The composite shear walls were
connected by composite link beams via rigid links.

Shape Steel RC shear wall Steel Plate
- L Aq & & ) 4 = ': - »
v M N S 40 D AN i
7 P M VO Y M A e
.. |h_a‘®‘-o 2 - a v a — il : - d \l'_ll

Figure 10. Steel Plate Reinforced Concrete Composite
Shear Wall (SPRC) (Xiao et. al., 2012)

W310 x 310 x 283
W310 x 310 x 283

Figure 11. Cross Section Of Composite Shear Wall In
Modeling (units are in mm)

3. Results and Discussions

3.1. Base Shear Forces of Models

The base shear in the prismatic tall building is 4263 kN
under the seismic load cases in X and Y directions
under seismic load. The value of base shear is 14497
kN in the X direction and 19597 kN in the Y direction.
The base shears of models are shown in Table 3. Under
seismic load cases in X and Y directions, the value of
base shear is 4245 kN in twisted tall building. Base
shear is 12323 kN in the X direction and 16658 kN in
the Y direction of wind load in twisted tall building.

Table 3. Base Shear Forces

Prismatic Tall Twisted Tall

Load Type Building Building

Seismic Load X: 4263 kN X: 4245 kN
Y: 4263 kKN Y: 4245 kN

Wind Load X: 14497 kKN X: 12323 kN
Y: 19597 kN Y: 16658 kKN

] ESOGU Eng. Arch. Fac. 2023, 31(1), 509-518

3.2. Seismic Behaviour of Prismatic Tall Building
Structures

The response spectrum analysis was performed for the
seismic analysis. The seismic load was applied in both X
and Y directions for the model, separately in each case.

—@— X Direction Seismic Loading_X
X Direction Seismic Loading_Y
Y Direction Seismic Loading_X
Y Direction Seismic Loading_Y

25

Story
& &

0 10 20 30
Displacement (mm)

Figure 12. Top Story Displacements Under Seismic
Load Case

The maximum top deflection is 2.0 cm under seismic
loading in the X direction and 2.8 cm under seismic
loading in the Y direction (Figure 12). The story drift
values of the model are shown in Figure 13. The
maximum drift is 6.3 mm for seismic loading in the X
direction and 8.6 mm for seismic loading in the Y
direction. The maximum overturning moments in the
X-direction and Y-direction are found 1.69x105 kN.m
and 2.46x10% kN.m, respectively, in Figure 14.

X Direction Seismic Loading_X
X Direction Seismic Loading_Y
Y Direction Seismic Loading_X
Y Direction Seismic Loading_Y

25

Story
e &

0 2 4 6 8 10
Drift (mm)

Figure 13. Story Drifts Of The Model Structure
Subjected To The Seismic Load
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X Direction Seismic Loading_X
= X Direction Seismic Loading_Y
Y Direction Seismic Loading_X

Y Direction Seismic Loading_Y

25

N

Story
S &

0 1 2 3
Overturning Moment(kN.m)  x 105

Figure 14. Overturning Moment Under Seismic Load
Case

3.3. Wind Load Case and Behaviour of Prismatic
Tall Building Structures

The code-based wind loading was used in the wind
analysis. The wind load was applied in both X and Y
directions, separately. The maximum displacement of
the top story under wind load in X and Y directions is
shown in Fig. 15 for each floor of the prismatic tall
building. The maximum displacement of the top floor is
6.9 cm in the X-direction and 11.1 cm in the Y-direction
under wind load. According to the literature, the
maximum lateral displacement of tall buildings should
not exceed the ratio H/500 (Serviceability criteria).

—@— X Direction Wind Loading_X
—@— X Direction Wind Loading_Y
Y Direction Wind Loading_X
Y Direction Wind Loading_Y

25

Story
S &

0 20 40 60 80 100 120
Displacement (mm)

Figure 15. Top Story Displacements Under Wind Load
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= X Direction Wind Loading_X
X Direction Wind Loading_Y
Y Direction Wind Loading_X
Y Direction Wind Loading_Y
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Figure 16. Story Drifts Of The Model Structure
Subjected To The Wind Load

Top deflections under wind load are below the
serviceability criteria, which is 18.7 cm. The maximum
drift is 3.64 mm under wind loading in the X direction
and 6 mm under wind loading in the Y direction
(Figure 16). The maximum overturning moment values
for wind loading in the X direction and wind loading in
the Y direction are found 7.36x105 kN.m and 9.92x105
kN.m, respectively (Figure 17).

= X Direction Wind Loading_Y
Y Direction Wind Loading_X

25

Story

-10 -5 0 5 10 15
Overturning Moment (KN.m) 4 105

Figure 17. Overturning Moment Under Wind
Load Case
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3.4. Seismic Behaviour of Twisted Tall Building
Structures

The seismic analysis in twisted tall building, response
spectrum analysis was carried out. In each case, the
seismic load was applied in both the X and Y directions
separately. Under seismic loading, the maximum upper
deflection is 2.6 cm in the X direction and 2.9 cm in the
Y direction (Figure 18). Figure 19 shows the results of
the drift of the model relative to the floors. The
maximum drift for seismic load in the X direction is
8.36 mm, while the maximum drift for seismic load in
the Y direction is 8.8 mm. It is observed that there are
increases in story drifts between 16-23. level. The
maximum relative displacement value for the
earthquake force is calculated 81.28 mm under ASCE 7-
16 standard. Figure 20 shows the maximum
overturning moment values in the X and Y directions
1.71x105 kN.m and 2.42x105> kN.m, respectively.
Maximum overturning moment of X axis in X direction
is found 0.0636x105 kN.m. Maximum overturning
moment of Y axis in Y direction is found 0.75x105 kKN.m.

—@— X Direction Seismic Loading_X
—@— X Direction Seismic Loading_Y
Y Direction Seismic Loading_X
Y Direction Seismic Loading_Y

25
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Displacement (mm)

Figure 18. Top Story Displacements Under
Seismic Load Case
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X Direction Seismic Loading_X
X Direction Seismic Loading_Y
Y Direction Seismic Loading_X
Y Direction Seismic Loading_Y
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Figure 19. Story Drifts Of The Model Structure
Subjected To The Seismic Load
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Figure 20. Overturning Moment Under Seismic
Load Case
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3.5. Wind Load Case and Behaviour of Twisted Tall
Building Structures

In the literature, it is known that twisted tall building
structures play an active role in reducing wind loads
(Bilgen, 2019). In this study, the wind forces occurring
in the prismatic structure were applied by reducing
15% in the twisted tall building structure (Nigdelioglu,
2022). The wind load was applied in both the X and Y
directions. The maximum displacement of the top floor
under wind load in X and Y directions is shown in Fig.
21 for each floor of the twisted tall building. The
maximum displacement of the top floor under wind
load is 6.8 cm in the X direction and 9.6 cm in the Y
direction. In the literature, the maximum lateral value
of the structures is generally given as the H/500 ratio.
The upper deflections under wind load are lower than
the serviceability criterion, which is 18.7 cm. Under
wind load, the maximum drift is 3.55 mm in the X
direction and 5.129 mm in the Y direction. (Figure 22).
Figure 23 shows the maximum overturning moment
values for the wind load in the X-direction and the wind
load in the Y-direction, which are 6.25x105 kN.m and
8.43x105 kN.m, respectively.

—@— X Direction Wind Loading_X
—@— X Direction Wind Loading_Y
Y Direction Wind Loading_X
Y Direction Wind Loading_Y
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Figure 21. Top Story Displacements Under Wind
Load Case
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Figure 22. Story Drifts Of The Model Structure

Subjected To The Wind Load
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Figure 23. Overturning Moment Under Wind
Load Case
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4. Conclusion

This paper presents a finite element model for the
analysis of twisted tall building structures under lateral
loads and a corresponding prismatic tall building. The
Grove at Grand Bay South Tower was used as a case
study and the behaviour of the building under lateral
loads was investigated and compared. Results include
maximum story displacements, maximum inter-story
drifts, base shear, and overturning moments. The
maximum story displacement values under wind and
seismic loading for prismatic and twisted tall buildings
are less than H/500 of the building height. The twisted
building is within the allowable deflection criteria. The
drift values under wind and earthquake loading are
within the criteria of ASCE 7-16. Since the twisted
structure has an irregular form, the percentage of
modes exceeds 90% when 17 modes are considered in
the analysis. With 11 modes in the prismatic structure,
the mod participation rate value of 90% exceeds. The
maximum story displacements under seismic load are
lower than under wind load, because wind load is more
critical than seismic load. The base shear values under
wind loads are higher than under seismic loads
because the location of the building isn't an
earthquake-prone region. The twisted tall building has
maximum relative displacement of 8.36 mm in the x-
direction, whereas the prismatic tall building has a
maximum relative displacement of 6.3 mm. It is also
found that the overturning moment values are higher
under wind loads. It is observed that the relative
displacements increased on the 16-23r floors of the
twisted tall building compared to the prismatic
structure. The increase in relative displacement on
these floors can be considered as the reason that the
existing building is not rotated on these floors. In the
study, the lateral stiffness of the twisted tall building
under earthquake loading is lower than the prismatic
tall building. The twisted form of the building has
contributed to the decline in wind force compared to
the prismatic form of the building. In addition, the wind
load in Y direction is bigger than X direction in both
building forms. In order to better analyze the wind
force distribution in twisted tall buildings, it is
recommended to apply the wind to the facade of the
building via wind tunnel tests and computational fluid
dynamics studies in next future studies.

Author Contributions

In this paper; Abdullah Nigdelioglu, modelling of the
buildings, writing, literature survey; Ugur Albayrak,
conceptualized the paper, supervision; Can Balkaya

conceptualized the paper, supervision and reviewed
the manuscript.

Conflict of Interest

No conflict of interest was declared by the authors.

] ESOGU Eng. Arch. Fac. 2023, 31(1), 509-518

References

CTBUH. (2016). Tall building in numbers: Twisting tall
buildings, CTBUH Journal, 3, 46-47.
https://global.ctbuh.org/resources/papers/2848-
Journal2016 Issuelll TBIN.pdf

Giinel, M.H,, Illgin, H.E. (2014). Tall Buildings: Structural
system and Aerodynamic Form. London, Routledge.

Moon, K.S. (2012). Studies on various structural system
design options for twisted tall buildings and their
performances, The Structural Desing of Tall and
Special  Buildings, 23(5), 319-333. doi:
https://doi.org/10.1002/tal.1038

Moon, K.S. (2015). Structural design and construction
of complex-shaped tall buildings, International
Journal of Engineering and Technology, 7(1), 30-35.
Doi: https://doi.org/10.7763/1JET.2015.V7.761

Kim, ], Hong, S. (2011). Progressive collapse
performance of irregular buildings, The Structural
Design of Tall and Special Buildings, 20(6): 721-734.
doi: https://doi.org/10.1002 /tal.575

Lee, D.H.,, Kim, E.S,, Kang, D.E., Kim, T. (2014). Seismic
performance evaluation of twisted outtrigger
system, Proceedings of the 15th World Conference
on Earthquake Engineering, Lisboa.
https://www.iitk.ac.in/nicee/wcee/article/WCEE2

012 1757.pdf

Kwon, K, Kim, ]. (2014). Progressive collapse and
seismic performance of twisted diagrid buildings,
International Journal of High-Rise Buildings, 3(3):
223-230.doi:
https://doi.org/10.21022/1JHRB.2014.3.3.223

Tanaka, H., Tamura, Y., Ohtake, K., Nakai, M., Kim, Y.C.,
Bandi, E.K. (2013). Aerodynamic and flow
characteristics of tall buildings with various
unconventional configurations, International
Journal High-Rise Buildings, 2(3): 213-228. doi:
https://doi.org/10.21022 /IJHRB.2013.2.3.213

Bilgen, S. (2019). Investigation of aerodynamic and
structural features of twisting tall buildings, Master
Thesis, The Graduate School of Natural and Applied
Sciences of Middle East Technical University.
https://etd.lib.metu.edu.tr/upload/12624385/inde

x.pdf

Shabab, K., Irtaza, H., Agarwal, A. (2021). Comparative
study of aerodynamic coefficients of prismatic and
twisted tall buildings with various cross sections
using CFD, Journal of Instution of Engineers, 102(3):
635-650. doi: https://doi.org/10.1007/s40032-
021-00694-8

517


https://global.ctbuh.org/resources/papers/2848-Journal2016_IssueIII_TBIN.pdf
https://global.ctbuh.org/resources/papers/2848-Journal2016_IssueIII_TBIN.pdf
https://doi.org/10.1002/tal.1038
https://doi.org/10.7763/IJET.2015.V7.761
https://doi.org/10.1002/tal.575
https://www.iitk.ac.in/nicee/wcee/article/WCEE2012_1757.pdf
https://www.iitk.ac.in/nicee/wcee/article/WCEE2012_1757.pdf
https://doi.org/10.21022/IJHRB.2014.3.3.223
https://doi.org/10.21022/IJHRB.2013.2.3.213
https://etd.lib.metu.edu.tr/upload/12624385/index.pdf
https://etd.lib.metu.edu.tr/upload/12624385/index.pdf
https://doi.org/10.1007/s40032-021-00694-8
https://doi.org/10.1007/s40032-021-00694-8

ESOGU Miih. Mim. Fak. Dergisi 2023, 31(1), 509-518

Vollers, K.J. (2015). High-rise buildings with twisted
facades, 7th World Congress: Renewing the Urban
Landscape,NewYork.
https://global.ctbuh.org/resources/papers/downlo
ad/1755-high-rise-buildings-with-twisted-
facades.pdf

Taskin, G.N. (2019). A Comparative Study in Alternative
Structural System Layouts of Twisted Tall Buildings,
Master Thesis, The Graduate School of Natural and
Applied Sciences of Middle East Technical
University.
http://etd.lib.metu.edu.tr/upload/12623410/index.

pdf

URL-1, http://www.thenoblearchitect.com/evolution-
tower/ [Accessed: 15.08.2022]

URL-2,
http://www.wikiwand.com /tr/%C5%9Eanghay Ku
lesi [Accessed: 15.08.2022]

URL-3,
https://www.architectmagazine.com/design/buildi

ngs/cayan-tower-designed-by-skidmore-owings-
merrill [Accessed: 15.08.2022]

URL-4,
https://www.baminternational.com/en/projects/al
-bidda-tower-doha-gatar [Accessed:15.08.2022]

URL-5,
https://www.skyscrapercenter.com/building/grov
e-at-grand-bay-north-tower/14868
[Accessed:15.08.2022]

ETABS, V.18.1.1 (2020). Integrated analysis and design
of building systems, Computers and Structures Inc.,
Berkeley, CA.

DeSimone V. Ramirez, L, Mohammad, A. (2015).
Structural Challenges of Twisting Towers, CTBUH
2015 New York Conference, New York, 478-484.
https://global.ctbuh.org/resources/papers/downlo
ad/2501-structural-challenges-of-twisting-
towers.pdf

URL-6,https://www.de-
simone.com/projects/project/grove-at-grand-bay/
[Accessed: 15.08.2022]

URL-7,
https://www.luxlifemiamiblog.com/condos/grove-
at-grand-bay#!for-sale [Accessed: 15.08.2022]

Rong, Y., Thompson, E.M. (2012). A site response map
of the continental U.S., 15 WCEE, Lisboa.
https://wwwi.iitk.ac.in/nicee/wcee/article/WCEE2

012 2528.pdf

] ESOGU Eng. Arch. Fac. 2023, 31(1), 509-518

URL-8,https: //hazards.atcouncil.org[Accessed:
15.08.2022]

ASCE/SEI 7-16, (2017). Minimum design loads and
associated criteria for buildings and other
structures, American Society of Civil Engineers.

Xiao, C., Tian, C, Chen, T., Jiang, D. (2012).
Compression-bending behavior of steel plate
reinforced concrete shear walls with high axial
compression ratio, 15 WCEE,Lisboa.
https: //www.iitk.ac.in/nicee/wcee/article/WCEE2

012 1243.pdf

Nigdelioglu, A. (2022). The behaviour of twisted tall
building under Lateral Loads, Master Thesis, The
Graduate School of Natural and Applied Sciences of
Eskisehir Osmangazi University.

518


https://global.ctbuh.org/resources/papers/download/1755-high-rise-buildings-with-twisted-facades.pdf
https://global.ctbuh.org/resources/papers/download/1755-high-rise-buildings-with-twisted-facades.pdf
https://global.ctbuh.org/resources/papers/download/1755-high-rise-buildings-with-twisted-facades.pdf
http://etd.lib.metu.edu.tr/upload/12623410/index.pdf
http://etd.lib.metu.edu.tr/upload/12623410/index.pdf
http://www.thenoblearchitect.com/evolution-tower/
http://www.thenoblearchitect.com/evolution-tower/
http://www.wikiwand.com/tr/%C5%9Eanghay_Kulesi
http://www.wikiwand.com/tr/%C5%9Eanghay_Kulesi
https://www.architectmagazine.com/design/buildings/cayan-tower-designed-by-skidmore-owings-merrill
https://www.architectmagazine.com/design/buildings/cayan-tower-designed-by-skidmore-owings-merrill
https://www.architectmagazine.com/design/buildings/cayan-tower-designed-by-skidmore-owings-merrill
https://www.baminternational.com/en/projects/al-bidda-tower-doha-qatar
https://www.baminternational.com/en/projects/al-bidda-tower-doha-qatar
https://www.skyscrapercenter.com/building/grove-at-grand-bay-north-tower/14868
https://www.skyscrapercenter.com/building/grove-at-grand-bay-north-tower/14868
https://global.ctbuh.org/resources/papers/download/2501-structural-challenges-of-twisting-towers.pdf
https://global.ctbuh.org/resources/papers/download/2501-structural-challenges-of-twisting-towers.pdf
https://global.ctbuh.org/resources/papers/download/2501-structural-challenges-of-twisting-towers.pdf
https://www.de-simone.com/projects/project/grove-at-grand-bay/
https://www.de-simone.com/projects/project/grove-at-grand-bay/
https://www.luxlifemiamiblog.com/condos/grove-at-grand-bay%23!for-sale
https://www.luxlifemiamiblog.com/condos/grove-at-grand-bay%23!for-sale
https://www.iitk.ac.in/nicee/wcee/article/WCEE2012_2528.pdf
https://www.iitk.ac.in/nicee/wcee/article/WCEE2012_2528.pdf
https://hazards.atcouncil.org/
https://www.iitk.ac.in/nicee/wcee/article/WCEE2012_1243.pdf
https://www.iitk.ac.in/nicee/wcee/article/WCEE2012_1243.pdf

ESOGU Miih. Mim. Fak. Dergisi 2023, 31(1), 519-532 J ESOGU Eng. Arch. Fac. 2023, 31(1), 519-532

INFLUENCES OF GRINDING CONDITIONS ON GALENITE-SPHALERITE FLOTATION
KINETICS

Isil TOKCANY", Murat Miimtaz Volkan BOZKURT 2

1 Eskisehir Osmangazi Universitesi, Miihendislik Fakiiltesi, Maden Miihendisligi Boliimii, Eskisehir,
ORCID No : http://orcid.org/0000-0003-3501-1335

2 Eskisehir Osmangazi Universitesi, Miihendislik Fakiiltesi, Maden Miihendisligi Boliimi, Eskisehir,
ORCID No : http://orcid.org/ 0000-0002-8617-5631

Keywords Abstract

Flotation, Grinding is more than just crushing, it is also a process that causes a chemical reaction
Dry grinding on the surface of the mineral. Water used in the grinding process significantly affects the
Wet grinding galvanic interaction.

Different grinding conditions result in different pulp chemistries. This becomes especially
important in sulfide flotation in terms of recovery and selectivity. There are limited
studies examining the effects of dry and wet grinding prior to the flotation of sulfide
minerals. This study compared the effects of wet and dry grinding on the flotation kinetics
of complex Pb-Zn sulfide ore at Pso of 20 and 50 um grind sizes. Results showed that dry
grinding positively affected the sphalerite ore flotation compared to wet grinding in
terms of recovery and grade in both galenite and sphalerite rougher flotation stages.
Considering that the effect of dry grinding was due to the difference in pulp chemistry,
the reasons were explored based on particle morphology, and pulp potentials.

The results showed that grinding the same ore under dry and wet conditions significantly
affected the flotation performance. In light of the pulp potential measurements, it was
determined that the reducing environment obtained in the wet grinding negatively
affected the flotation performance, while the oxidizing environment formed during the
dry grinding affected the flotation performance positively. This was attributed to the fact
that galvanic interactions that occurred during wet grinding were significantly reduced
during dry grinding. Hence, better galenite and sphalerite flotation was obtained
following dry grinding.

OGUTME KOSULLARININ GALENIT-SFALERIT FLOTASYON KINETIGI UZERINDEKI

ETKILERI
Keywords 0z
Flotas%/ on Ogiitme, sadece kirmanin étesinde, mineralin yiizeyinde kimyasal reaksiyona neden olan
Kuru ogtitme

Yas 6giitme bir islemdir. Ogiitme isleminde kullanilan su, galvanik etkilesimi onemli éI¢iide etkiler.

Farkli égiitme kosullari, farkli piilp kimyalarinin olusmasina neden olmaktadir. Bu
durum oézellikle stilfiirlii mineral flotasyonunda verim ve secimlilik acisindan énem arz
etmektedir. Flotasyon éncesi kuru ve yas dgtitmenin, stlfiirlii mineral flotasyonu
lizerindeki etkilerini inceleyen sinirli sayida ¢alisma bulunmaktadir. Bu calismada, yas
ve kuru égtitmenin Pso 20 ve 50 um tane boyutundaki kompleks stilfiirlii galenit-sfalerit
flotasyon kinetigi iizerindeki etkileri karsilastirilmistir. Sonuclar, kuru égiitmenin hem
galenit hem de sfalerit flotasyon devrelerinde verim ve tenér agisindan yas dgtitmeye
kiyasla flotasyon performansini olumlu etkiledigini géstermistir. Gézlemlenen olumlu
etkinin piilp kimyasindaki farkliliktan kaynaklandigi diisiiniilerek sonuglar tane
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morfolojisi ve piilp potansiyeli 6zelinde arastirilmistir. Sonuglar, énceki ¢alismada
kullanilan 50 um boyutundaki numunelerin galenit flotasyon devresinden elde edilen
sonuglari ile karsilastirmali olarak verilerek tartisilmigstir.

Elde edilen bulgular, ayni cevherin farkl kosullar altinda égiitiilmesinin flotasyon
performansi iizerinde dnemli etkileri oldugunu géstermektedir. Piilpiin elektrokimyasal
Olctimleri 1s1ginda yas dgiitmede olusan indirgeyici ortamin flotasyon performansini
diisiirdiigii belirlenmigtir. Kuru égiitme islemi sirasinda yeni agiga ¢ikan mineral
yiizeyleri su, pH veya En gibi kimyasal reaksiyonlardan etkilenmez ve béylece flotasyon
verimi olumlu yénde etkilenir. Ogiitme sirasinda olusan oksitleyici ortam nedeniyle
galenit-sfalerit minerallerinin yiizebilirligi artmaktadir.
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1. Introduction

In dry areas such as South Africa, Australia, Chile and
China, water depletion has a significant negative impact
on the environment, which is becoming more
pronounced due to the high consumption level of water
(Franks, Forbes, Oshitani, Batterham, 2015; Gunson,
Klein, Veiga, Dunbar, 2012; Koékkili¢, Langlois, Waters,
2015; Nguyen, Ziemski, Vink, 2014; Rivas-Perez,
Sotomayor-Moriano, Perez-Zuiiiga, 2017). Besides these
regions, countries such as Sweden have procedures to
conserve and recycle water in mining operations to
obtain better resource usage and environmental
benefits (Randngen and Lindman, 2017; SIP STRIM,
2019). In this context, the use of dry grinding systems
gains importance. A limited number of studies
comparing the effects of dry and wet grinding on
flotation in complex sulfide ores are included in the
literature (Feng and Aldrich, 2000; Seke, 2005; Basaran,
2006; Chapman, Shackleton, Malysiak and O'Connor,
2013).

In this study, the effects of dry and wet grinding on the
flotation kinetics of complex Pb-Zn sulfide ore were
examined comparatively in the case of two different
grind sizes, emphasizing particle morphology and pulp
potential change.

2. Literature Review
2.1. Dry and Wet Grinding

In mineral processing, wet grinding is preferred to dry
grinding because of the ease of material handling and
higher energy efficiency in wet grinding. It is known that
wet grinding requires less energy consumption than dry
grinding i.e.,, about 20-25 % lower compared to wet
grinding. As a result of wet grinding, products with the
desired surface formation and less deformation of the
particle surface are obtained (Feng and Aldrich, 2000).

On the other hand, dry grinding has many advantages,
including less wear of the grinding media than wet
grinding, a smaller proportion of fine products, and the
potential to improve downstream process efficiency
(Bruckard, Sparrow and Woodcock, 2011; Kanda, Abe,
Yamaguchi and Endo, 1988; Koleini, Abdollahy and
Soltani, 2012; Ogonowski, S., Wotosiewicz-Glab, M.,
Ogonowski, Z., Foszcz, D., Pawetczyk, F., 2018; Routray
and Swain, 2019)

In an experiment with sphalerite mineral that was
crushed by a high-pressure roller mill (HPGR) or
conventional methods and wet ground by rod mill, it
was observed that the highest sphalerite recovery and
grade values were obtained after dry grinding
regardless of the crushing method (Figure 1)(Chapman
et al,, 2013). In parallel with these results, Seke (2005)
showed that higher sphalerite recovery values and
positive pulp potential were obtained as a result of dry
grinding compared to wet grinding.

E\g/ 100 55
=~ o]
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2 80 ~
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M 701 [~
) (5 a0
E i N’:“ 357
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m¢1< 40 309
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HPGR-Rod Mill Grinding HPGR-Rod Mill Grinding
Environments Environments

Figure 1. Flotation Performance of Sphalerite in
Different Grinding Environments (Chapman et al., 2013)

Figure 2 shows the time-dependent changes in lead and
zinc recovery of the ore from the Rosh Pinah mine under
different grinding conditions (50 g/t sodium n-propyl
xanthate (SNPX)). It is seen that zinc recoveries after dry
grinding are higher and lead recoveries are lower
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compared to wet grinding. One of the reasons for the
lower zinc recovery after wet grinding may be that the
steel is more anodic than sphalerite, resulting in
electron flow from steel to sphalerite (Seke and
Pistorius, 2006). These electrons cause the formation of
hydroxyl ions by reacting with water, and hydroxyl ions
can react with metal ions in the environment to form
stable metal hydroxides on the mineral surface, and as a
result, they can make the mineral surface hydrophilic or
reduce its suitability for collector absorption (Palm et
al,, 2010).

Pb, Dry milling
Zn. Dry milling
Pb, Wet milling
Zn. Wel miling

meno ||

Recovery (%)

Flotation time (min)

Figure 2. Flotation Recovery of Galenite and Sphalerite
Under Various Grinding Conditions (Seke and Pistorius,
2006).

In another study conducted with complex sulfide ores, it
was stated that particle surface deterioration occurred
as a result of the exposure of particles with denser pulp
(90% solids) in the dry grinding process to higher stress.
In addition, as a result of new surface formation, it has
been observed that dry milling consumes more energy
compared to wet milling. This indicates that more
energy is conserved in the surface deterioration
resulting from dry grinding. Surface weathering plays an
important role in the subsequent particle dissolution
and reactive absorption (Feng and Aldrich, 2000). In this
context, it was determined that the SIBX (Sodium
Isobutyl Xanthate) absorption kinetics of dry ground
activated mineral surfaces were faster.

Dry-ground samples have higher surface energy and
faster flotation kinetics compared to wet grinding, while
wet-ground samples provide higher grades and slightly
higher recovery values. Dry grinding creates activated
layers on the particle surface by causing high stress on
the particles. On the other hand, grinding in an aqueous
medium increases the sample's surface area. Feng and
Aldrich (2000) pointed out the improvement in flotation
kinetics and grade due to the combined use of wet and
dry grinding.

J ESOGU Eng. Arch. Fac. 2023, 31(1), 519-532

2.2. Pulp Potential

Pulp potential is one of the important electrochemical
parameters that can be associated with flotation
efficiency and can be used in many situations, such as
the oxidation/reduction control of minerals in the pulp.
The pulp potential can be used to determine the surface
conditions of sulfide minerals and to estimate the
optimum flotation conditions.

The potential measured in the flotation system is the
mixing potential and is somewhere between the mineral
and solution potential values. The separation of the
minerals in the flotation stage depends on the pulp
potential (Trahar, 1984; Richardson and Walker, 1985).

Electrochemical studies using mineral electrodes with
high purity sulfide mineral samples have shown that the
interaction of a mineral with the collector can be
controlled by the electrochemical potential measured at
the mineral surface (Buckley and Woods, 1982; Allison,
Goold, Nicol and Granville, 1972; Ruonal, Heimala &
Jounela, 1997).

The potential value of the flotation pulp cannot be easily
estimated due to galvanic interactions occurring in the
system (Rao, Moon and Leja, 1976; Martin, Mclvor,
Finch and Rao, 1992). It has been observed that the pulp
potential values vary between +50 and +200 mV in the
applications made in the facilities where sulfide mineral
flotation takes place (Grano, 2004).

Pulp potentials in aerated systems are too oxidizing to
provide maximum mineral separation by flotation. For
each mineral, there is a unique potential value at which
flotation begins. The recovery values corresponding to
the changing potential value of the galenite are shown in
Figure 3. Galenite floats at values between 0 and 410 mV
(SHE), the flotation efficiency is quite low below and
above these values. By determining and controlling the
pulp potential ranges in which the minerals float, these
minerals can be selectively separated from each other.
However, at very anodic potential values, specific ranges
of values may overlap and cause simultaneous floating
of some minerals, reducing selectivity (Ralston, 1991;
Chander, 2003). By observing the potential changes in
the flotation cell, the addition points of the reagents can
be determined, and the grade and recovery values can
be increased (Chander, 2003). In addition, the collection
of En-pH data allows for obtaining additional
information that can help reduce reagent quantities and
solve problems in flotation plants (Johnson and Munro,
1988).
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Figure 3. Galenite Recovery versus Pulp Potential (Hu
et.al,2010)

Due to the high electrical resistivity of sphalerite, very
few studies have examined its electrochemical behavior.
The relationship between sphalerite recovery and pulp
potential is shown in Figure 4. Sphalerite flotation takes
place between 0 and 310 mV (SHE) values.
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Figure 4. Sphalerite Recovery versus Pulp Potential (Hu
et.al, 2010)

In many of the sulfide mineral systems, the pulp
potential values reach more reducing (cathodic) values,
that is, decrease as the dissolved oxygen moves away
from the system. It has been observed that the pulp
potentials are very low since sulfide minerals are mostly
ground in steel mills (Woodcock and Jones, 1970 a, b;
Graham and Heathcote, 1982; Grano et al., 1994). Since
the absorption of thiol collectors depends on the En
values, the floatability of the minerals can be greatly

J ESOGU Eng. Arch. Fac. 2023, 31(1), 519-532

reduced if adequate aeration is not provided before
flotation.

The oxidation of the medium, which reacts with oxygen,
continues until the oxygen in the mill is depleted.
Afterward, while a sudden decrease in pH values is
observed, hydroxyl ions begin to form on the mineral
surfaces. The reducing effect of the interaction between
the grinding medium and sulfide minerals on the
flotation pulp has been included in many studies
(Forssberg and Subrahmanyam. 1993; Leppinen,
Hintikka and Kalapudas., 1998; Martin et al., 1992; Yuan
etal, 1996 a,b).

The pulp potential change of the lead-zinc sulfide ore
belonging to the Rosh Pinah Mine, which is ground dry
and wet in the steel mill, is shown in Figure 5. Dissolved
oxygen and pulp potential were higher after the dry
grinding of the composites. Similar results were
observed in the study of Koleini et al. (2012). The
increase in pulp potential with the onset of aeration is
clearly due to the increase in the amount of oxygen in
the pulp.
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Figure 5. Effect of Dry and Wet Grinding on Pulp
Potential and Dissolved Oxygen (Seke and Pistorius,
2006).
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After dry grinding, further oxidation of minerals is
inevitable due to aeration in the flotation cell. On the
contrary, more negative pulp potential values and lower
dissolved oxygen content are detected in wet grinding.
Under these conditions, less oxidation of minerals
occurs during conditioning. It is known that the flotation
of sphalerite in complex lead-zinc ores increases under
oxidized conditions. Therefore, it can be expected that
the flotation efficiency of sphalerite will increase and the
selectivity between lead-zinc will decrease after dry
grinding. The presence of dissolved oxygen in the
environment improves the flotation efficiency of
sphalerite by depressing pyrite and preventing the
formation of hydrophobicity on the mineral surface (Ek,
1985; Bulatovic and Wyslouzil, 1985; Davila-Pulido,
Uribe-Salas and Espinosa-Gémez, 2011).

3. Material and Method
3.1. Material

The sample studied was complex Pb-Zn sulfide ore
originating from South America. Chemical analyses of
the sample were performed using the multi-element
inductively coupled plasma optical emission
spectrometry (ICP-OES) method carried out by Bureau
Veritas Commodities Canada Ltd. The chemical analysis
is given in Table 1. The ore contains sulfur minerals,
principally galenite (PbS), sphalerite (ZnS), pyrite
(FeSz), and minor amounts of chalcopyrite (CuFeSz). The
lead mineral in the ore consists of 99% galenite, while
the zinc mineral consists of 98.78% sphalerite. The
primary iron minerals are goethite (FeO(OH)), which
accounts for 81.64% of the total, with hematite and
pyrite accounting for the remainder.

Table 1. Chemical Analysis of the Flotation Feed
(Tokcan, 2017)

Pb Zn Fe Cu S Ag
% % % % % g/t

1.07 274 2322 0.08 2.65 24.00

3.2. Method
3.2.1. Grinding Tests

The crushed ore sample was utilized in wet grinding
(WM) while part of it was dry ground (DM) by the pilot
scale Loesche GMBH vertical roller mill system in
Germany (Pso: 50 and 20 pm) and delivered to Eskisehir
Osmangazi University, Mining Engineering Department
Mineral Processing Laboratory. Samples to be ground by
wet grinding for Pgo 50 um (DM-50) and Pgo 20 pm (DM-
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20), and also dry ground samples were kept frozen to
avoid surface oxidation after riffling.

A stainless steel rod mill (#200x 250 mm) with 12.9 kg
of stainless-steel rods was used to grind bulk samples
used in wet grinding at 60% solids. Wet ground samples
were ground for 85 minutes to obtain a Pgo of 20 pm
(WM-20) and for 52 minutes to obtain a Pgo of 50 pm
(WM-50). In wet grinding experiments, depressants and
lime were added to the mill with the sample to affect the
newly formed mineral surfaces and maintain the pH.

3.2.2. Particle Size Analysis

A particle size measurement device Malvern
Mastersizer Hydro 2000 MU-Malvern Co., Ltd., UK
working with the laser diffraction method was used for
the particle size analyses. At the end of each wet
grinding test, samples were taken with the help of a
syringe from the conditioned pulp in the flotation cell.

3.3.3. Scanning Electron Microscopy (SEM) Analysis

SEM analyzes of dry and wet ground samples were
carried out at the Anadolu University Ceramic Research
Center. The Zeiss Supra VP50 model SEM device was
used in the measurements.

3.3.4. Image Analysis

The shape characterization was performed at
Cumhuriyet University Mining Engineering Laboratory
with a Particle Insight Dynamic Image Analyzer, One
Micromeritics Drive, Norcross, GA30093-1877.

Many methods have been developed to characterize the
shape of the particles. One of the scientific methods that
analyze the shape parameters of the particles is the
image analysis method which is frequently used. The
Particle Insight Analyzer uses two important features:
random routing and recirculation of samples. These
features help obtain precise data about the sample and
give its true description. Roundness is calculated using
the area (A) and the radius of the bounding circle (DBC)
(Equation 1). This measurement is fractional, with
perfect roundness expressed as 1. The closer the value
is to 1, the more rounded it is. The roundness value is
not affected by the minor irregularities around the
particle and the errors in the circumference
measurement.

Circularity = 4A / ntDB(? (D

An Ellipse Length Ratio (EEAL) is calculated using
equivalent ellipse area length and width values.
Smoothness refers to the measurement of regional
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fluctuations around the particle cross-section. A value of
1 indicates that there is no roughness on the surface,
while lower values indicate that the roughness on the
surface is increasing.

3.3.5. Kinetic Flotation Tests

Batch flotation tests were conducted using the Denver
D12 type with an impeller speed of 1,300 rpm at an air
flow rate of 6 dm3 min! and a 2,5 L flotation cell. All
flotation tests were conducted at about 35% solids. In
the galenite flotation stage, the slurry pH was set at 8,
and lime was used in solid form to adjust the pH.
Aerophine 3418A (3418-A) and Aerofroth 70 (AF-70)
from Solvay Chemicals were utilized as collector and
frother respectively. Sodium metabisulfite (Na2S20s)
and sodium cyanide (NaCN) were used as sphalerite and
pyrite depressants. The froth was scraped into separate
pans atintervals of 1, 3, 5, 7, 10, and 12 minutes.

In the sphalerite flotation stage, the slurry pH was set at
11. Sodium isopropyl xanthate (SIPX) and copper sulfate
(CuSO4) were used as sphalerite collectors and
activators, respectively. The froth was scraped at
intervals of 1, 3, 5, 7, and 10 minutes. The effects of
particle sizes Pgo of 50 pm and Pso of 20 um on galenite
and sphalerite flotation kinetics were investigated in the
cases of dry and wet grinding conditions.

In both flotation stages, the flotation rate constants (k)
were also calculated to compare the effect of different
grinding conditions based on a classical first-order
flotation kinetics model (Equation 2).

R = Rmax (1 - e't) (2)

where, R is the calculated recovery, Rmax is the
theoretical maximum recovery, k is the flotation first-
order rate constant, and t is time.

3.3.6. Pulp Potential Measurements

A Hach HQD Portable Meter with a pH and platinum ORP
electrode was utilized to monitor the pH and pulp
potential (En) values throughout the flotation tests. The
measured potential values were converted from the
Ag/AgCl scale to the SHE (Standard Hydrogen
Electrode) scale using Equation 3.

Esup = Eng/agciworry + 0.207 (3)

The research has been prepared by analyzing in
accordance with publication ethics.

J ESOGU Eng. Arch. Fac. 2023, 31(1), 519-532

4. Results
4.1. Particle Size Analysis

Particle size analysis data of dry and wet ground
galenite-sphalerite ores measured by laser diffraction
method are presented in Figure 6. 50 um sized samples
that were used in the previous study (Tokcan and
Bozkurt, 2021) were shown in grey color in the graphics.
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Figure 6. Particle Size Analysis of Samples (Tokcan,
2017)

The particle size distributions of the samples ground
under different conditions are quite similar. Therefore,
it is assumed that the flotation performance differences
are related to the differences between dry and wet
grinding.

4.2. Effect of Grinding Conditions on Particle Shape
and Morphology

Unlike other separation processes, flotation is directly
affected by the surface properties of minerals and thus
by the grinding process. The deformation mechanism
that takes place in grinding has a significant effect on the
mineral surface properties. Ocepek, Strazisar and
Kanduti-Sumej (1990) found that the way flotation
reagents react with minerals depends on how different
the surface shapes of the minerals are.

Different breaking mechanisms of traditional tumbling
mills change the surface properties, such as physical,
chemical, and roughness, differently. These changes can
vary according to the material and mill characteristics,
the grinding method, ambient temperature, and
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pressure (Orumwense and Forssberg, 1991). The
surface roughness of the particles can affect flotation
performance after grinding. The particle shape and
morphology of the product obtained during the grinding
process should be examined using image analysis
systems to examine the effects of the enrichment
process and to predict their behavior (Petruk, 1986,
1988, 1989; Jones, 1987).

The effects of different grinding schemes (VRM versus
Rod Mill) on particle shape and morphology were
investigated. The effect of different grinding
mechanisms on the particle shape was examined with a
Particle In-sight Analyzer to determine the roundness,
smoothness, and EEALs. The data for the
aforementioned shape parameters is shown in Table 2.

Table 2. Particle Shape Analysis Results (Tokcan, 2017)

Sample C.P. CIRC S.D. S. S.D. EEAL S.D.

WM 6530 0.63 0.12 084 0.08 1.66 0.33

DM 6436 0.64 011 083 0.07 164 0.31

S.D.: Standard Deviation
EEAL: Ellipse Length Ratio

C.P.: Counted Particles
S.: Smoothness
CIRC:: Circularity

As a result of the examinations, it was observed that
slightly more rounded and rougher particles were
obtained after dry grinding, and relatively longer and
smoother particles were obtained after wet grinding.
The difference between the particle characteristics was
quite negligible when comparing different grinding
schemes, confirming that the main difference in
flotation response would be due to the dry and wet
grinding conditions. In the literature, it has been
observed that the samples ground in the rod mill have a
longer particle shape compared to the ball and
autogenous mills (Yekeler, Ulusoy and Higyilmaz, 2004).
It is also among the findings that the high liberation and
round particle shape obtained in autogenous grinding
provide a high concentrated grade and higher recovery
values (Forssberg and Zhai, 1985). On the other hand,
the low floatability of the mineral was attributed to the
round shape of the particles (Hoberg and Scheneider,
1978). It has been shown that the separation of round
particles from the air bubble is higher compared to
particles with a high length ratio (Wotruba, Hoberg and
Schneider, 1991). As it is understood, studies on the
effects of particle shape on flotation performance are
contradictory to each other. Particle morphologies vary
depending on the ore type, grinding mechanisms, and
grinding times.

It is stated in the literature that, as a result of dry
grinding, the particle surfaces are rougher than those
after wet grinding (Feng and Aldrich, 2000). Dry ground
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samples have faster flotation kinetics compared to wet
ground samples. The performance of dry grinding is
higher than wet grinding, both on a recovery and grade
basis. It is thought that the defects occurring on the
mineral surfaces after dry grinding make the surface
more suitable for collector adsorption and thus increase
the flotation efficiency. From this point of view, the wet
grinding sample with a smoother surface has lower
surface energy, so it is expected that the flotation
kinetics will be slower (Feng and Aldrich, 2000).

As indicated before, there are slight differences in shape
analysis. SEM images were examined in detail for each
fraction to visually find any difference. However, when
the SEM images of dry and wet samples were compared,
no noticeable difference was found between them
(Figure 7).

Figure 7. SEM Images of Wet (left) and Dry (right)
Ground Samples from the -38+25 um Fraction (Tokcan,
2017)

4.3. Effects of Grinding Conditions on Galenite
Flotation Kinetics

The effect of different grinding conditions on the
galenite flotation was determined by performing kinetic
tests at the optimum conditions at which the highest
recovery was obtained. Galenite rougher flotation
concentrates were collected over time, and the data was
analyzed based upon cumulative Pb recoveries and
grades. Experimental conditions are presented in Table
3.

Table 3. Experimental Conditions for Galenite Flotation

Reagents Dry Wet

(g/t) Grinding Grinding
pH 8 8
Depressants NazS20s 1000 1500

NaCN 200 250
Collector 3418-A 30 60
Frother AF-70 40 40
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Figure 8 shows the variation of the cumulative Pb
recovery with flotation time. While the highest recovery
value was obtained at 20 um grind size following dry
grinding (DM-20) during the flotation period, the lowest
recovery was obtained at 20 um grind size following wet
grinding (WM-20). Similar results were previously
acquired at 50 pm grind size following dry (DM-50) and
wet grinding (WM-50) conditions (Tokcan and Bozkurt,
2021). Higher recoveries were obtained after dry
grinding at both grinding sizes. Even though minerals
were expected to be more liberated at a 20 um grind
size, in contrast to dry grinding, slightly lower recovery
values were acquired at the 20 um size compared to the
50 pum size for wet grinding. The decrease in recovery
could be attributed to the prolonged grinding time at 20
um size. Recovery values for both in the case of different
grinding conditions and particle sizes were quite similar
at the end of the flotation.
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Figure 8. Cumulative Pb Recovery over Time

In studies with galenite mineral, it has been observed
that the flotation kinetics are higher in autogenous and
stainless-steel mills, that is, in more oxidizing
environments, compared to reducing media such as
steel mills (Learmont and Iwasaki, 1984, Rey and
Formanek, 1960, Thornton, 1973, Cases, de Donato,
Kongolo and Michot, 1989).

When the Pb grade over time is examined according to
particle sizes, it is seen that in the case of dry grinding,
lower grade values were acquired at 20 pm compared to
wet grinding, while having higher grade values at 50 pm
(Figure 9).
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Figure 9. Cumulative Pb Grade over Time

The best results were obtained with the DM-50 sample
in terms of both grade and recovery. Overall, it can be
said that the dry grinding condition improved both Pb
recovery and grade values at 50 um compared to wet
grinding, while having only higher Pb recoveries and
lower Pb grades at 20 um compared to wet grinding.
This indicates that further grinding to 20 pm diminishes
the flotation selectivity in dry grinding, perhaps due to
the non-selective adsorption of fine particles on the
mineral surfaces and causes a sudden decrease in the Pb
grade values as the flotation time progresses, which is
parallel with the highest Pb recoveries obtained at the
same condition. Generally, it is also worth mentioning
that better Pb grade values were obtained at 20 pm
compared to 50 pm in wet grinding with similar Pb
recoveries. This indicates that a 20 pm grind size has
better flotation selectivity than a 50 pm grind size in wet
grinding. Further grinding from 50 pm to 20 um may be
advantageous only in the case of wet grinding, possibly
due to the improved dispersion conditions obtained in
wet grinding, which protect the non-selective
adsorption of fine particles onto mineral surfaces.

Figure 10 shows the flotation selectivity in the galenite
flotation stage. In the case of dry grinding at both grind
sizes, Zn recoveries in the Pb concentrate were quite
high compared to wet grinding. This indicates that dry
grinding resulted in the unintentional activation of
sphalerite and hence selectivity loss in the galenite
flotation. This could be attributed to the oxidizing
environment provided during dry grinding (Seke and
Pistorius, 2006; Chapman et al,, 2013; Nooshabadi and
Rao, 2014). It is also worth noting that selectivity loss,
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i.e, sphalerite reporting to the Pb concentrate, was
higher at 50 um compared to 20 pm in both grinding
conditions, despite similar Pb recoveries, indicating that
further grinding to 20 pm resulted in relatively better
selectivity compared to 50 pm.
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Figure 10. Cumulative Zn Recovery in Galenite
Concentrate versus Cumulative Pb Recovery

In the galenite flotation stage, the flotation rate
constants were also calculated to compare the effect of
different grinding conditions based on a classical first-
order flotation kinetics model (Equation 3).

R = Rmax (1 - e'kt) (3)

where, R is the calculated recovery, Rmax is the
theoretical maximum recovery, k is the first-order
flotation rate constant, and t is time. The results are
presented in Table 4.

Table 4. First-Order Rate Constants of Galenite Flotation

Znin Znin
Pb Pb Pb Pb
Dry
Rate grinding 1.66 0.38 1.31 0.27
constants,k |Wet |4 13 g5¢ 125 022
grinding
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The results indicate that the k values obtained at both
grind sizes are higher for the dry grinding conditions
compared to the wet grinding conditions, meaning
faster flotation kinetics in the case of dry grinding.
Furthermore, the higher rate constant values obtained
at 20 pm compared to 50 pum grind size in the case of
both grinding conditions imply faster flotation kinetics
at 20 pm grind size. Furthermore, the kinetics of
sphalerite reporting to Pb concentrate was also faster in
the case of dry grinding and at 20 pm grind size.

4.4 Effects of Grinding Conditions on Sphalerite
Flotation Kinetics

Experimental conditions for sphalerite rougher flotation
kinetic tests are given in Table 5. The results of
sphalerite flotation tests are shown in Figures 11 and 12.

Table 5. Experimental Conditions for Sphalerite
Flotation

Reagents gii};lilinwgestamples
pH 11
Activator CuSO04 (g/t) | 1250
Collector SIPX (g/t) 60
Frother AF-70 (g/t) |40

Figure 11 shows the variation of the cumulative Zn
recovery over flotation time. The Zn recoveries obtained
in the first five minutes appear to be quite high,
indicating that the majority of the sphalerite was
recovered within the first five minutes, except for dry
grinding at 50 pm. The highest Zn recoveries were
obtained in the case of dry grinding at 20 um grind size,
while the lowest Zn recoveries were at 50 pm with dry
grinding for all other conditions ultimate zinc recoveries
are same. This is parallel with the results of the highest
Zn recoveries reported to the Pb concentrate (Figure
10). In the case of wet grinding, Zn recoveries were low
at shorter flotation times but increased at both grind
sizes, particularly at longer flotation times. The Zn
recovery differences in different grinding conditions got
smaller and became quite similar at longer flotation
times. As a result, in the case of sphalerite flotation, the
enhanced flotation response of sphalerite observed
after dry grinding may have been diminished due to the
longer exposure time of sphalerite surfaces to water.
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Figure 11. Cumulative Zn Recovery over Time

The variation of the cumulative Zn grade with flotation
time is depicted in Figure 12. The lowest Zn grades were
acquired ata 50 um grind size in the case of dry grinding,
in accordance with the obtained Zn recoveries under the
same conditions. The highest grade values obtained at
the grind size of 20 um with similar Zn recoveries could
be attributed to the better liberation of the sphalerite
compared to 50 pm.
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Figure 12. Cumulative Zn Grade over Time
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Calculated first-order flotation rate constants are
presented in Table 6. The k values obtained at both grind
sizes are higher for the dry grinding conditions
compared to the wet grinding conditions, meaning
faster flotation kinetics in the case of dry grinding.
Furthermore, the rate constant values obtained at both
grind sizes are quite similar in the case of dry and wet
grinding conditions.

Table 6. First-Order Rate Constants of Sphalerite
Flotation Stage

20 pm 50 um
Zn Zn
Rate Dry grinding | 2.11 2.07
constants,
k Wet grinding | 1.10 1.40

4.4. Effects of Grinding Conditions on the Pulp
Chemistry

In flotation, pulp chemistry, especially in terms of -
*interactions between minerals and minerals and the
grinding medium, plays a vital role. Pulp potential (En),
an indication of the pulp chemistry, is a critical
monitoring tool and control parameter affecting the
success of the flotation process. En is used as an indicator
in oxidation-reduction environments and is affected by
the pulp's pH and dissolved oxygen amounts. It is known
that En values are directly dependent on grinding
conditions. Thus, grinding conditions play an essential
role in sulfide minerals' flotation recovery and
selectivity.

The change in En values during flotation stages was
monitored over time following dry and wet grinding.
The monitored En values are shown in Figure 13. The En
values of the dry grinding samples are very close to each
other, while the pulp potentials are significantly reduced
after wet grinding. There is a potential difference of
around 350 mV between the dry-ground and wet-
ground samples. Due to the longer grinding time, this
difference becomes even more remarkable at a 20 pm
grind size. High pulp potential values of dry ground
samples show superior flotation performance compared
to wet grinding at both particle sizes studied, especially
in the galenite flotation stage, bearing in mind that
sphalerite reporting to galenite concentrate was
increased as well. In the literature, it has been shown
that dry grinding prior to flotation may have advantages
over wet grinding, particularly in sulfide ores. In a dry
grinding environment, the newly liberated mineral
surfaces are not affected by galvanic interactions during
grinding and are affected much less during the following
flotation process. Hence, better flotation responses were
observed after dry grinding compared to wet grinding.
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In the case of the following sphalerite stage, the
enhanced flotation response of sphalerite observed
after dry grinding was diminished since the En
difference observed in the case of dry and wet grinding
conditions was minimized along with the longer
exposure time of sphalerite surfaces to water. Similar
results were observed in the literature and attributed to
the rapid oxygen consumption in the steel grinding
medium, which is generally electrochemically active.
The En and dissolved oxygen values decrease, and a
reducing environment is formed. The problem with the
reduction in pulp potential values is usually related to
preventing thiol collectors’ adsorption to the surface of
the sulfide minerals and resulting in the inhibition of
flotation (Forssberg et al., 1993; Leppinen et al., 1998;
Martin et al, 1992; Yuan et al, 1996a, b). The low
potential values observed after wet grinding also
indicate the presence of oxygen consumers, such as
metallic iron, in the pulp (Bruckard et al., 2011). The
observed low potential and dissolved oxygen ratios
cause a decrease in the oxidation of minerals during the
conditioning phase (Koleini et al., 2012). Due to the
lower pulp potential of the steel grinding medium, iron
hydroxide products are formed in the pulp, and as
discussed earlier, these formed species may have
adversely affected the galenite-sphalerite flotation. This
difference in pulp potentials after dry and wet grinding
shows how the products form as a result of galvanic
interaction during wet grinding and affect the pulp
chemistry and floatability of the ore.
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Figure 13. Pulp Potential and Time Relationship

5. Conclusions

Particle size analysis, together with the particle shape
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and morphology characterization tests performed on
the Pb-Zn complex sulfide ore, revealed that the
difference between the samples utilized in the kinetic
flotation test was negligible; therefore, the difference in
flotation response of the ore might be due only to pulp
chemistry differences generated by the dry and wet
grinding conditions. Overall, kinetic flotation tests
showed a significant difference between the flotation
performances of the ore following dry and wet grinding
conditions.

In the galenite flotation stage, higher Pb-recoveries
were obtained at 50 and 20 um grind sizes following dry
grinding compared to wet grinding, but with a
significant loss in selectivity due to the unintentional
activation of sphalerite. This was attributed to the
significantly higher positive pulp potentials, i.e. the
highly oxidizing environment provided during dry
grinding. Calculated flotation rate constants at 50 and 20
pum in the case of dry and wet grinding conditions also
further confirmed these results.

In the sphalerite flotation stage, the highest Zn
recoveries were obtained in the case of dry grinding at
20 pm grind size, while the lowest Zn recoveries were at
50 um due to the highest Zn recoveries reported to the
Pb concentrate. The Zn recovery differences following
dry and wet grinding conditions were quite similar,
indicating that the enhanced flotation response of
sphalerite observed after dry grinding may have been
diminished due to the longer exposure time of sphalerite
surfaces to water, as confirmed by the measured En
values. The highest Zn grade values obtained at the
grind size of 20 pum were attributed to the better
liberation of the sphalerite. Calculated flotation rate
constants at 50 and 20 pm in the case of dry and wet
grinding conditions were also in accord with the results.

This study showed that differences in grinding schemes
in terms of dry and wet grinding affect flotation
performance significantly and necessitate an elaborate
reagent regime with strict control of pulp Eh and pH.
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Abstract
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Exvivo

NiTi (nickel titanium)

Although the most preferred treatment methods in cancer treatment are still surgery
and chemotherapy, microwave ablation, one of the minimally invasive thermal
ablation techniques, is increasingly used in the clinic for patients who cannot afford
the risks of these treatment methods. In this study, microwave ablation with a new
NiTi ring antenna was performed on a freshly slaughtered beef liver as an Ex Vivo
application. Design and optimization was carried out in the CST Microwave studio. Ex
Vivo MWA application was carried out at 2.45 GHz, using 50 W microwave power for
5 minutes. The lowest width of the ablation zone formed along the x-axis was 14.58
mm, the highest width was 28.61 mm, the length of the ablation area along the y-axis
was 58.032 mm, and the area of the ablation zone was approximately 5.44 cm?2.
These results show that the proposed NiTi ring antenna has the ability to achieve a
sufficient thermal lesion in terms of ablation zone dimensions.

YENI BiR NiTi SEKIL HAFIZALI ALASIM TABANLI HALKA ANTEN iLE 2.45 GHz'DE EX VIVO

MIKRODALGA ABLASYON UYGULAMASI

Anahtar Kelimeler

0z

Mikrodalga ablasyon
Halka anten

Exvivo

NiTi (nikel titanyum)

Kanser tedavisinde en ¢ok tercih edilen tedavi yontemleri hala cerrahi ameliyat ve
kemoterapi olsa da, bu tedavi yontemlerindeki riskleri kaldiramayacak hastalarda,
minimal invaziv termal ablasyon tekniklerinden biri olan mikrodalga ablasyon
uygulamasi gittikce artan bir oranda klinikte kullanilmaktadir. Bu ¢alismada, Ex Vivo
uygulamasi olarak yeni kesilmis bir sigir karacigerine yeni bir NiTi halka anten ile
mikrodalga ablasyon uygulamasi gerceklestirilmistir. Tasarim ve optimizasyon CST
Mikrodalga stiidyoda gergeklestirilmistir. Ex Vivo MWA uygulamasi, 2.45 GHz' de, 50
W mikrodalga giiciiniin 5 dakika siiresince kullanilmasiyla gergeklestirilmistir. x
ekseni boyunca olusturulan ablasyon bélgesinin en diisiik genisligi 14,58 mm, en
yuksek genisligi 28,61 mm, y ekseni boyunca elde edilen ablasyon alaninin uzunlugu
58.032 mm ve ablasyon bolgesi alam ise yaklasik 5.44 cm? olarak elde edilmistir.
Elde edilen bu sonuglar onerilen NiTi halka antenin ablasyon bélgesi boyutlar
acisindan yeterli bir termal lezyonu basarma kabiliyetine sahip oldugunu
gostermektedir.
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1. Introduction

Liver cancer is the second most common type of cancer
in cancer-related deaths in the world, and surgical

() @

treatment methods such as resection and
transplantation have become standard among possible
treatment methods, especially for early-stage
Hepatocellular Carcinoma (HCC). However, it has also
been noted that surgical resection is not possible in
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more than 75% of patients with liver cancer (Liu,
Zhang, and Jiang,2003; Torre, Siegel, Ward, and Jemal,
2016). The thermal therapy commonly used to treat
hepatic cancer include radiofrequency ablation,
cryoablation, and microwave ablation. Radiofrequency
ablation has disadvantages such as high impedance
between the electrode and the ground plate as a result
of the blood vessel making the ablation temperatures
too low to completely destroy cancer cells and the
increase in tissue temperature during application if the
targeted area is adjacent to a high flow blood vessel. In
addition, the diameter of the tissue coagulated by the
RF electrodes is limited to 1.6 cm. This is because the
higher energy to achieve larger coagulation diameters
causes charring of the tissue near the electrode. This
increases local tissue impedance, reduces RF
accumulation, heat diffusion, and coagulation necrosis
(Goldberg et al., 1998; Lencioni et al.,, 1998; Goldberg
et al, 1995). Cryoablation (CA), which uses cold
compressed argon gas to destroy cancer tissue, has
advantages such as minimal damage to large vessels,
low incidence of pain and controllable ice sphere
formation. However, in addition to these advantages, it
also has important disadvantages such as the ablation
area being limited to the small areas surrounding the
cryoablation needles and the possibility of damaging
the phrenic nerve (Liu et al., 2020; Seifert, Junginger,
and Morris, 1998; Phasukkit, and Wongketsada, 2021).
MWA is a thermal therapy used in the treatment of
tumors in various tissue types such as liver, lung,
breast, kidney and bone. In this therapy,
electromagnetic energy is directed to the tumor for a
few minutes with an interstitial antenna, in order, EM
power is absorbed by the tumor tissue, and the
absorbed power heats the tumor tissue, and when the
temperature reaches stotoxic levels, between 60°C and
100°C, coagulation necrosis occurs on the tissue. In
antenna design, the lowest possible return loss is
desired for maximum energy transfer to the tissue. The
frequency used is generally 915 MHz and 2.45 GHz.
Since the majority of hepatic tumors such as liver
tumors and lung tumors are spherical, it is preferred
that the ablation pattern of the antenna to be used is
approximately spherical (Mohtashami, Hagness, and
Behdad, 2017; Yang et al,, 2006; Yang, Converse, Mahvi,
and Webster, 2007; Luyen, Hagness, and Behdad, 2017;
Liu et al,, 2016; Etoz, and Brace, 2018; Ahmed, Brace,
Lee, and Goldberg, 2011; Luyen, Hagness, and Behdad,
2015; Hodgson et al., 1999; Prakash, 2010). Therefore,
in our study, it was preferred to use an antenna type
with an approximately spherical ablation pattern.

MWA has some advantages over other thermal
treatment methods. Advantages such as low cost,
simultaneous use with multiple applicators, shorter
ablation time, larger ablation area due to blood
perfusion, lower infection risk, lower recovery time,
ability to cause necrosis in deeply located tumors, and
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very lower cancer recurrence can be counted among
these (Wrigh, Lee, and Mahvi, 2003; Andreano, Huang,
Meloni, Lee, and Brace, 2010; Wright et al, 2005;
Lubner, Brace, Hinshaw, and Lee, 2010; Hancock, 2011;
Hassan, Takruri, and Hope, 2016; Hubner et al., 2019;
Reimann et al, 2019; Shock et al, 2004). MWA is
stronger than other thermal ablation methods in
organs with high blood perfusion such as the liver, so it
is frequently used in the treatment of liver cancer
(Brace,2020). In the literature, various antennas such
as slot, monopole, dual slot, multi slot, dipole, choke
dipole, triaxial, helical, floating sleeve and loop
antennas have been used for microwave heating
(Mohtashami, Hagness, and Behdad, 2017; Yang et al,,
2006; Luyen, Hagness, and Behdad, 2015; Brace, 2011;
Ge et al, 2018; Hurter, Reinbold, and Lorenz, 1991;
Mohtashami et al., 2018; Brace, Laeseke, Van der
Weide, and Lee, 2005; Sugiyama, Saito, 2018). With its
simple geometry, circular loop antennas are preferred
in many application areas, especially near field
communication and RFID applications. For a circular
loop carrying a uniform current, near-field expressions
such as simple and precise fields and areas along the
loop axis can be generated from full general field
expressions as special cases, while far fields for a
circular loop antenna on the ground plane can be
derived from general field expressions (Hamed et al,
2014). Loop antennas are also used in intracranial
pressure monitoring, which provides detailed
information about the brain, blood and cerebrospinal
fluid (Tamilarasan, Krishnadhas, Sabapathy, and
Sarasa, 2021). Loop antennas are classified as circular,
rectangular and square in shape, and electrically
classified as small antennas and large antennas. While
the design time, limited bandwidth, antenna size and
difficulties in radiation efficiency are the parts that
need to be studied, while it is easy and low cost to
construct, simple, and an omnidirectional antenna for
many important applications. In addition, it is less
affected by environmental noise as it does not need
ground plane (Ako et al, 2019; Bolton, 2016). The
human body decreases the electric field and increases
the magnetic field because its conductivity is low. This
led to the idea that electrically small (loop’s
circumference < 0.3 A)magnetic loop antennas are the
most efficient antennas for wearable miniature
equipment such as pagers and RF tags (Niekerk et al,
2002; Fujimoto, and James, 2001).. If the circumference
of a loop antenna is smaller than the wavelength, there
is a problem of matching the radiation resistance with a
50 ohm transmission line (Balanis, 1982). The SAR
pattern is one of the most important parameters for
MWA and shows the energy absorbed by the tissue, in
other words, the heating ability of the MWA system. In
addition, the shape of the ablation zone is also highly
dependent on the SAR distribution.
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In this study, Ex Vivo MWA application was performed
on a freshly cut beef liver using a NiTi shape memory
alloy-based ring antenna produced by us and presented
in our previous study (Gorgun, Comlekci, and Kaya,
2019), using 50 W microwave power at 2.45 GHz for 5
minutes, and the relevant results are presented.

2. Method

2.1. SMA (Shape Memory Alloy) Material

NiTi alloys are frequently used in biomedical surgical
devices and biomedical applications due to their
features such as superior corrosion resistance,
biocompatibility, magnetic resonance, computed
tomography compatibility, especially with minimally
invasive surgery, which is one of the most important
advances in the field of modern medicine (Fadlallah, El-
Bagoury, Gad, Ahmed, and El-Ousamii, 2014; Morgan,
2004; Holton, Walsh, Anayiotos, Pohost, and
Venugopalan, 2002; Song, 2010).

2.2. Method of Antenna Preparation

In the realization of novel and NiTi SMA based ring
antenna, coaxial cable is also used together with NiTi
SMA wire. The characteristics of this coaxial cable used
are presented in Table 1.

Table 1. Coaxial Cable Specifications

Material Diameter
Inner StCu, Silver plated 0.53 mm
Conductor
Dielectric PTFE 1.65 mm
(polytetrafluorethylene)
Cable Braid + Band copper, tin  2.10 mm

Sheath plated

The CST drawing of the NiTi ring antenna is presented
in Figure 1.

R3 <
E————,A”—
a\&z_’//
R1=525mm - 1

R2=17 mm x

R3=27mm
R4=2mm

y

Figure 1. Dimensions and CST Drawing of NiTi Ring
Antenna

] ESOGU Eng. Arch. Fac. 2023, 31(1), 533-543

Vim
14963

12000

=245)[1] o0 ¥
245GHz
Phas 0" o
H

.
Maximm 149626 V/m

Figure 2. E-Field

As shown in Figure 2, the maximum electric field value
2.45 GHz at 14963 (V / m).

g B2EvRLD

farfield (1=2.45) (1]
Type Farteid

Figure 3. Directivity

As shown in Figure 3, the directivity was 4.38 dBi at
2.45 GHz.

Farfield Gan Abs (Phi=90)

farfield (f=2.45) [1]

Frequency = 2.45 GHz

Main lobe magntude = 3.9 d8i
Main lobe drection = 0.0 deg.
Angular width (3 dB) = 88.5 deg.

Theta / Degree vs. dBi

Figure 4. Farfield Gain Abs (Phi=90)

Farfield gain abs (Phi=90) is presented in Figure 4 at
2.45 GHz.
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Figure 5. a) NiTi Ring Antenna b) Return loss (S11)
measurement of NiTi ring antenna at 2.44 GHz. c)
Return loss (S11) simulation of NiTi ring antenna at 2.45
GHz.

As seen in Figure 5.b, return loss of proposed antenna
was measured as -10.46 dB at 2.44 GHz. And as seen in
Figure 5.c, return loss of proposed antenna was
simulated as -17.91 dB at 2.45 GHz.

Especially since the 0.5 mm diameter NiTi SMA wire
added to the end of the coaxial cable is a hard material,
it could not be made into a full ellipse as in the
simulated image of the antenna. This is the most
important reason for the difference between the above
simulation and measurement S11 results.
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2.3. Circle Shape NiTi Wire Preparation Process

A novel and NiTi SMA-based ring antenna was realized
by adding 0.5 mm diameter NiTi wire to the end of the
27 mm long coaxial cable, one end to the inner
conductor of the coaxial cable and the other end to the
outer conductor, adding an elliptical ring with a
diameter of 17 mm and a long diameter of 52.5 mm.

2.4. Mathematical Descriptions of the Simulation
Models

The dimensions of the model components are given in
Table 2.

Table 1. Dimensions of Model Components
Dimensions

Components Length (mm) Diameter (mm)
Inner 27 0.51
Conductor
Dielectric 27 1.68
Outer 27 2.20
conductor
Catheter 27 2.40
Components Dimensions
P Short
Diameter of diameter/ Long
NiTi wire diameter of
(mm) the ellipse
(mm)
NiTi Ring
Antenna 0.5 17.0/52.5

2.5. Temperature Analysis Procedure

The bioheat transfer equation used to obtain the
temperature distribution of the living tissue is shown
in equation (1).

aT
pear= kV2T — pppc, F(T — Tp,) + Q (1)

where p is the tissue density (kg.m™3), c is the specific
heat capacity of the tissue (J.kg™.K™1), T is the
temperature, t is the heat transfer time, k is the
thermal conductivity (W.m™1. K1), p, is the blood
density (kg.m™%), ¢, is the specific heat capacity of the
blood (J.kg™'.K™'), F is the blood flow rate
(m3.kg~t.s™1), T, is the temperature of the blood, and
Q is the is the energy deposited by the antenna into the
tissue (W.m™3).

wp =pF (s7) 2)
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where w,, is the blood perfusion rate, p is the tissue
density (kg.m™3), and F is the blood flow rate
(m3.kg=t.s™h).

Q=0|EI?=pSAR=].E (W.m™3) (3)

Where Q is the is the energy deposited by the antenna
into the tissue (W.m™2), ¢ is the tissue conductivity
(S.m™1), p is the tissue density (kg.m™3%), E is the
applied electric field (V.m™!), SAR is the spesific
absorption rate (W.kg™1), and J is the current density
(A.m™2).

Equation 4 is obtained by putting the equations 2 and 3
in their places in the equation 13.

pcz—: = kV2T — pycpw, (T — Tp) + pSAR (4)

In Ex Vivo applications, w, = 0 is taken as there is no
perfusion.

The initial temperatures of the tissue, blood, and air are
all 37 °C. Thermal constants are shown in Table 3.

Table 3. Electromagnetic properties at 2.45 GHz and
Thermal Properties of liver Tissue (Kaur, and Maini,
2014; Dielectric Properties of Body Tissues, 2021)

Properties Value

Thermal conductivity, liver (k) [W /mK] 0.56
Specific heat capacity, blood (¢,) [J/kgK] 3639
Specific heat capacity, liver (¢) [J/kgK] 3600

Density, blood (p;,) [kg/m3] 1000
Density, liver (p) [kg/m?3] 1020
Blood perfusion rate [1/s] .0036
Blood temperature [deg(C] 37.00
Relative permittivity, liver (e,) 43.03
Electric conductivity, liver (g) [S/m] 1.69
Relative permittivity, dielectric 2.03
Relative permittivity, catheter 2.60

2.6. Microwave Ablation

MWA is a safe minimally invasive treatment method,
which is among the thermal therapy methods and
applied in cancer treatments. This method is usually
performed at ISM frequencies of 915 MHz or 2.45 GHz.
In MWA application, the electromagnetic waves
produced are directed to the tumor tissue by means of
a suitable antenna. As a result of the absorption of the
power produced by the electromagnetic wave by the
tissue, the polar water molecules in the tissue begin to
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oscillate rapidly with this magnetic field. For this
reason, as a result of the frictional heat generated, the
ablation area heats up and cell death occurs when the
temperature exceeds 60 degrees, which causes
necrosis of tumor cells. The dielectric permeability and
conductivity of the tissue are also very important
parameters in the absorption of electromagnetic power
by the tissue. In particular, the amount of power
applied, the specific absorption rate, the rate of blood
perfusion, the ablation time, the thermal properties of
the environment, the MWA antenna type and diameter
used, the size of the ablation zone and the maximum
temperature level reached (Seki et al, 1994; Liang,
Wang, 2007; O'Rourke et al,, 2007; Nan et al,, 2013).

The assumption that the targets to be treated are
spherical in shape and that there is isotropic energy
dissipation can generally be met for tumors smaller
than 2.5 cm. Therefore, heating large areas deviates
from the ideal ablation model due to the heterogeneous
nature of tissue properties over 2.5 cm. It is necessary
to pay attention to the optimum ablation time in order
to obtain a situation in which MWA application will
cause the least damage to the surrounding healthy
tissues.

2.7. System Concept

VSGA25 as vector signal generator used. The VSGA25
provided the system with a 2.45 GHz continuous sine
wave with 0 dBm output, 1kHz simulation rate and
50% depth. Its 0 dBm output is amplified by a 2.45
GHz, 100W CGHV40100F power amplifier powered by
a DC power supply. NiTi Ring antenna is connected to
the output of the power amplifier. During the MWA
application, the temperature was monitored by Xbee &
Arduino-based wireless data transfer using DSD18B20
sensors. The MWA application setup diagram and the
pictures of the realized MWA application setup are
given in Figure 6.

Optional | In [Power Amplifier Bipolar
- e |INA (= 100\ 245 GH:| @ | Power
40dB Supply

Out

DS18B20
Waterproof
Temperature Sensor

NiTi Ring Antenna

(a)
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with an amplitude of 0 dBm, 47.92 dBm (about 50 W)
AM at 2.45 GHz. The relationship between temperature
obtained by thermal camera and application time is
presented below.

3.2. MWA Implementation Results Performed with
NiTi Ring Antenna at 2.45 GHz

Liver images obtained depending on the durations of
application are presented in Figure 8.

(b)

Figure 6. a)MWA Application Setup Block Diagram b)
Realized MWA Application Setup with NiTi Ring
Antenna at 2.45 GHz.

In this study, as a power amplifier, the CREE
CGHV40100F-TB-ND of Cree is utilized which hosts an
unmatched, GaN HEMT. The image of CGHV40100F-ND
GaN HEMT power transistor, and the circuit diagram of
the power amplifier are given in Figure 6.

3. Results
3.1. MWA Application at 2.45 GHz on Freshly Cut
Beef Liver with NiTi Ring Antenna

For different input values at 2.45 GHz, forward power,
and reverse power values are given in Table 4.

Table 4. Forward Power, and Reverse Power Values for
Different Input Value at 2.45 GHz

Frequency VGSA Forward Reverse
Vector Power Power
Signal
Generator
(AM
modulated (b)
sine wave)
Amplitude

2.45 GHz —20dBm  32.35dBm 19.79 dBm
2.45 GHz —10dBm  43.37dBm 27.37 dBm
2.45 GHz 0dBm 4792 dBm 35.18 dBm

In Signal Hound VSGA25 100 MHz - 2.5 GHz Vector
Signal Generator which will last 100 W, 2.4 GHz - 2.5
GHz PA according to Figure 7, the frequency was set to
2.45 GHz, amplitude was set to 0 dBm and modulation
type was set to AM ((Modulation speed: 1 kHz,
Modulation depth: 50%, Modulation format: Sine
Wave) and driven. The VGS25A Vector Signal Generator
in MWA setup was applied to our sine wave antenna
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(d)

Figure 7. Liver Images Obtained Depending on the
Durations of Application (t) in MWA Application
Performed, a) t=0,b) t =1 min, c¢) t=3 min,d) t=
4.5 min

Figure 7. (a) of freshly cut beef liver before MWA
application, Figure 7. (b), Figure 7. (c), and Figure 7.
(d). MWA application is the 1st min end view, 3rd min
end view and the view at the end of 4 and a half
minutes, respectively.
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()

Figure 8. Dimensions of Ablation, a) Vertical Section
Minimum Ablation Zone Size, b) Vertical Section
Maximum Ablation Zone Size and c) Horizontal Section
Maximum Ablation Zone Size.

At the end of the 5th minute, ablation regions formed in
freshly cut beef liver are shown in Figure 8. (a) Figure
8. (b) and Figure 8. (c). As seen in Figure 8. (c), the
lowest width of the ablation zone formed along the x
axis is 14.58 mm, as seen in Figure 8. (b), the highest
width of the ablation zone formed along the x axis is
28.61 mm and As can be seen in Figure 8. (c), the length
of the ablation area obtained along the y axis was
measured as 58.032 mm after 5 minutes of microwave
ablation application with 50 W power.
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(a)

98.6 Minimum 18.6 °C, Maximun;l 100.0 °C, Average 33.8 °C
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Figure 9. a) Thermal Camera Image Vertical Section
Axis, b) Temperature Distance Relationship along the
Vertical Axis Line, ¢) Thermal Camera Image Horizontal
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Section Axis, d) Temperature Distance Relationship
along the Horizontal Axis Line

According to the temperature distance graph obtained
along the vertical axis line in Figure 9. (b), it is
observed that a minimum of 18, 6 °C, maximum 100 °C
in the regions seen in red and average 33.8 °C
temperatures are reached.

According to the temperature distance graph obtained
along the vertical axis line in Figure 9. (d), it is seen
that minimum 18.7 °C, maximum 101 °C in the regions
seen in red and average 51.6 °C temperatures are
reached.

Looking at the literature, coaxial slot antennas are
frequently used in cancer treatments with MWA. Some
of the similar studies in the literature (Ibitoye et al,
2015; Yang et al,, 2006; Amabile et al.,, 2017) and our
study are presented in Table 5 comparatively. The
originality of our study is that it is a ring antenna based
on NiTi shape Memory alloy and the resultant
approximate ellipsoid ablation area is comparable to
the studies in the literature in terms of ablation length,
ablation diameter and ablation zone area. It is thought
to be a usable antenna, especially in large-scale skin
tumors. The comparison of this study with similar
studies in the literature is presented in Table 5.

Table 5. The Comparison of This Study with Similar
Studies in the Literature

Antenna Input Ablation Ablation Ref
Type power/ length/ zone

Ablation Ablation shape

duration diameter

Dual slot 50w/ 443+ 04  ellipsoid (Ibito
antenna 5 Min mm / ye et
metallic 34.4+ 0.6 al.,
sleeve mm 2015)
antenna
Floating 120w/ 5.87+ ellipsoid (Yang
sleeve 2.5 Min 0.32cm / etal,
antenna 3.64+ 2006)
0.33 cm.
Miniaturize 60W /5 4.8+0.2 ellipsoid (Ama
d sleeve Min cm / bile et
choke 3403 al.,
coaxial cm 2017)
antenna
NiTi ring 50w/ 58.03 £ ellipsoid This
antenna 5 Min 0.2 mm / work
21.59
0.1 mm

In terms of the obtained ablation zone diameter and
the horizontal and vertical maximum lengths of the
ablation zone, results close to the studies in the
literature were obtained.
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4. Conclusions

MWA applications are generally used as a minimally
invasive method in liver and lung tumors as an
alternative to treatment options such as chemotherapy
and surgical applications, especially in elderly or severe
patients who cannot undergo surgery. In liver and lung
tumors, which are generally spherical, it is necessary to
heat the tumor to 60 centigrade degrees, where
coagulation will occur, by heating the tumor with the
noninvasive or minimally invasive MWA application in
a short period of 3-5 minutes, thus rendering the tumor
ineffective. In addition, in order to reduce the
invasiveness of all these, it is necessary to apply high
Watt to the tumor tissue, to raise the relevant tissue
above 60 centigrade in a short time, to perform the
MWA application with an antenna with a spherical
radiation pattern, since the tumor is spherical, and to
obtain a wider ablation area for tumors larger than 2.5
cm. Again, in addition to the high directivity of the
antenna, the fact that it is designed from a material
with high biocompatibility and corrosion resistance at
high temperatures is due to all these requirements.

Designed NiTi ring antenna by adding NiTi wire to the
end of the coaxial cable is an MWA antenna that can be
used especially in wide cancer region. Computational
results were obtained with MWA application in ex vivo
bovine liver at 2.45 GHz, by using 50 W microwave
power for 5 minutes. Results show that it is obtained
the lowest width of the ablation zone formed along the
x axis is 14.58 mm, the highest width of the ablation
zone formed along the x axis is 28.61 mm, the length of
the ablation area obtained along the y axis was
measured as 58.032 mm and about 5.44 cm? area of
ablation zone. According to the temperature distance
graph obtained along the vertical axis line in Figure
6.(b), it is observed that a minimum of 18,6 °C,
maximum 100 °C in the regions seen in red and average
33,8 °C temperatures are reached. According to the
temperature distance graph obtained along the vertical
axis line in Figure 6.(d), it is seen that minimum 19.7 °C,
maximum 101 °C in the regions seen in red and average
51.6 °C temperatures are reached. In terms of the
obtained ablation zone diameter and the horizontal and
vertical maximum lengths of the ablation zone, results
close to the studies in the literature were obtained.
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Anahtar Kelimeler 0z

Ogrenci-Proje Atama (OPA)  Ogrenci-Proje Atama (OPA), genel olarak, cesitli kriterlerin dikkate alinmasiyla

Grup Karari 6grenci-proje gruplarinin olusturmasini ve bu gruplara projelerin atanmasini iceren

Matematiksel Programlama  ¢ok-kriterli bir problem olarak tanimlanabilir. Bu calismada, problemin ¢6ziimii i¢in ii¢

Tamsayili Programlama asamadan olusan bir yaklasim énerilmektedir. Yakin tarihli baska bir ¢alismada

Hedef Programlama gelistirilmis olan bir 0-1 tamsayili-hedef programlama formiilasyonundan adapte
edilmis olan matematiksel programlama modeliyle, ¢calismanin ilk asamasinda gegitli
kriterler dikkate alinarak égrenci-proje gruplarinin olusturulmasti

gerceklestirilmektedir. S6z konusu kriterler ise (i) bir gruptaki 6grenci sayisi, (ii) genel
akademik not ortalamasi (GANO) degeri, (iii) yabanci dil, (iv) bilgisayar programlama,
(v) genel ofis yazilimlari ve (vi) veri tabani yénetimi yetenekleridir. Sonraki asamada,
grup-proje eslestirmeleri gergeklestirilmeden énce, olusturulan gruplarin proje
tercihleri icin grup iyelerinin farkli bakis acilarini yansitan grup kararlari
belirlenmektedir. Son olarak, dgrenci-proje gruplarinin proje tercihlerine yédnelik
olarak olusturulan grup kararlart kullanilarak bir 0-1 tamsayili program ile grup-proje
atamalart gergeklestirilmektedir. Calismanin literatiire olan katkisi, énerilen li¢
asamali yaklasimla, grup kararlarinin dikkate alinarak OPA probleminin céziilmesi
seklinde ozetlenebilir. Boylelikle, farkli bakis acilarina sahip ¢cok sayidaki égrencinin
tercihleri, OPA siirecinde énemli bir kriter olan tercih kriteri icin yansiz ve tek bir grup
karari olarak ele alinabilmektedir. Onerilen yaklasim, akademik bir kurumdaki gercek
bir OPA problemine uygulanmgtir. Elde edilen sonuglar, ilgili literatiirde bulunan diger
atama yaklasimlarinin sonuglari ile c¢esitli performans parametreleri agisindan
karsilastirilmistir ve kriterlerin performans skorlarinda ortalama %9 oraninda
iyilesme oldugu gézlenmistir.

EVALUATION OF DIFFERENT GROUP DECISIONS FOR THE STUDENT-PROJECT ALLOCATION

PROBLEM

Keywords Abstract

Student-Project Allocation In general, Student-Project Allocation (SPA) might be defined as a multi-criteria
(SPA) problem of formation of student-project groups and allocation of projects to these
Group Decision groups by considering different criteria. In this study, an approach including three
Mathematical Programming  phases is proposed for the solution of the problem. In the first phase, student-project
Integer Programming groups are formed using a mathematical programming model adapted from a 0-1
Goal Programming integer-goal programming formulation in the literature. These criteria are (i) the

number of students in a group, (ii) grade points average (GPA) value, (iii) language, (iv)
computer programming, (v) general office software and (vi) database management
skills. In the next phase, before performing group-project matchings, group decisions of
the formed-groups for their project preferences are determined representing different
point of views the group members. Finally, group-project allocations are performed via
a 0-1 integer program using the corresponding group decisions. The contribution of the
study may be summarized as solving the problem using the proposed three-phase
approach by taking into account group decisions. Thus, the preferences of many
students with different perspectives can be considered as an unbiased and single group
decision for the preference criterion, which is an important criterion in the SPA process.
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Proposed approach is implemented on a real-life SPA problem in an academic
institution. The results are compared with those of the existing approaches in the
related-literature with respect to some performance parameters and an average of 9%
improvement is observed in the performance scores of the criteria.
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1. Giris

Genel olarak, tniversite lisans programlarinin son
sinifinda 6grenim goéren Ogrenciler, lisans bitirme
projesi dersleri kapsaminda, grup halinde ilgili proje
calismalarini gergeklestirmektedir. Bu proje ¢alismalari
sayesinde, Ogrencilere gercek hayat uygulamalari
lizerinde ¢alisma yapma, is diinyasinda yer almadan
once tecriibe kazanma ve takimlar halinde ¢alisma
deneyimi edinme olanag) verilmektedir. Ilgili projeler
genellikle takim calismasi olarak gercgeklestirilmekte ve
bir projeye birden fazla sayida 6grenci atanmasi
gerekmektedir. Bu siire¢ genel olarak Ogrenci-Proje
Atama (OPA) olarak adlandirilmaktadir. OPA, genel bir
ifadeyle cesitli kriterlerin dikkate alinmasiyla 6grenci-
proje gruplarinin olusturmasini ve bu gruplara
projelerin atanmasini igeren bir problem olarak
tanimlanabilir.

lgili literatiir incelendiginde, OPA probleminin farkh
versiyonlarindan bahsedilebilir. Bu calisma
kapsaminda dikkate alinan OPA problemi, égrenci-grup
atamalari, grup kararlariin belirlenmesi ve grup-proje
atamalar1 olmak flizere ii¢ asamadan olusmaktadir.
(Cavdur, Sebatli, Kose-Kucuk ve Rodoplu, 2019;
Cavdur, Baglarbasi-Mutlu, Sebath-Saglam, 2020)
tarafindan yapilan c¢alismalarda sunulan bir 0-1
tamsayili-hedef  programlama  formiilasyonundan
adapte edilmis olan matematiksel programlama
modeliyle, calismanin ilk asamasinda gesitli kriterler
dikkate alinarak 6grenci-proje gruplarinin
olusturulmasi gergeklestirilmektedir. Sonraki asamada,
grup-proje eslestirmeleri gerceklestirilmeden once,
olusturulan gruplarin proje tercihleri igin grup
tiyelerinin farkl bakis agilarini yansitan grup kararlari
belirlenmektedir. Son olarak, 6grenci-proje gruplarinin
proje tercihlerine yonelik olarak olusturulan grup
kararlar1 kullanilarak bir 0-1 tamsayili program ile
grup-proje atamalari gerceklestirilmektedir.

Calismanin ilk asamasinda Ogrenci-grup atamalari
gerceklestirilerek 6grenci gruplari olusturulmaktadir.
Olusturulan gruplarin dengeli ve homojen olmasi, hem
adil bir grup olusmasini saglamakta hem de dolayh
olarak grup ici cesitliligin artmasini saglayabilmektedir.
Gruplarin adil olmasi, her grubun esit bilgi ve beceri
diizeyine sahip olmasini saglayarak tiim gruplarin
basarili bir proje gerceklestirmesini amaclamaktadir.

Ornegin, gruplar olusturulurken gruplarin genel
akademik not ortalamalarinin (GANO), genel sinif
ortalamasina esit olmasi adil bir sistem ortaya
koymakta olup tiim gruplarin basarili bir proje
gerceklestirmesini saglayabilmektedir. Benzer sekilde,
grup ici cesitliligin artmas1 da gruptaki 6grencilerin
motivasyonlarinin artmasina ve proje calismalarin
daha verimli bir sekilde gerceklestirmelerine fayda
saglayabilmektedir. Ogrenci gruplarinin
olusturulmasinda kullanilan 0-1 tamsayili-hedef
programlama modeli Cavdur ve dig. (2019) ve Cavdur
ve dig. (2020) tarafindan gerceklestirilen calismalardan
adapte edilmistir.

Ote yandan, 6grenci motivasyonlarinin artmasindaki ve
proje c¢alismalarinin daha verimli bir sekilde
gerceklestirilmesindeki en 6nemli unsurlardan birisi de
ogrencilerin  proje tercihleridir. Genel olarak,
ogrencilerin daha ¢ok ilgi duyduklar1 projelerde
¢alismalar1 durumunda daha verimli bir ¢alisma
gerceklestirmeleri beklendiginden, OPA probleminde
dikkate alinan bilesenlerden birisi de dgrenci tercihleri
olmaktadir. Bununla birlikte, pratikte c¢ogunlukla
ogrencilerin projeler ilizerinde bireysel tercihleri so6z
konusu oldugundan, bireysel tercihlerin grup tercihine
doniistiirilmesi  6nemlidir. Bu g¢alismanin ikinci
asamasinda, olusturulmus olan 6grenci gruplarindaki
bireysel proje tercihleri dikkate alinarak gruplar icin
proje  tercihlerini gosteren grup kararlari
belirlenmektedir.

Onceki asamalarda, sirasiyla, 6grenci gruplarinin
olusturulmasi ve 6grencilerin bireysel proje tercihleri
kullanilarak gruplar icin proje tercihlerini goésteren
grup Kkararlarinin belirlenmesinden sonra, onerilen
yaklasimin son asamasinda grup-proje atamalari
gerceklestirilmektedir. Bu asamada gercgeklestirilen
grup-proje atamalar1 sirasinda 6grencilerin bireysel
tercihleri yerine grup tercihleri dikkate alinmakta ve
gruplar ile projelerin birebir eslesmesi saglanmaktadir.
Sekil 1, OPA icin onerilen ii¢ asamali yaklasimi
ozetlemektedir. Sekilde de gorildugi gibi, onerilen
yaklasimin birinci asamasinda Matematiksel
Programlama Modeli-1 (MPM-1) kullanilarak 6grenci
gruplari olusturulmakta, ikinci asamada olusturulan
gruplardaki 6grencilerin bireysel proje tercihleri
dikkate alinarak grubun proje tercihini gosteren grup
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karar1 belirlenmekte ve son asamada da bu grup
kararlarinin dikkate alindigi Matematiksel
Programlama Modeli-2 (MPM-2) kullanilarak grup-
proje eslestirmeleri gerceklestirilmektedir. Konuyla
ilgili mevcut calismalar incelendiginde, OPA
probleminin ¢6ziimiinde genel olarak 6grencilerin
bireysel tercihlerinin dikkate alindigi
gozlemlendiginden, ¢alismanin literatiire olan katkisi,
onerilen ¢ asamali yaklasimla, grup kararlarinin
dikkate alinarak OPA probleminin ¢oziilmesi seklinde
ozetlenebilir. Buna ek olarak, farkli grup kararlarinin
degerlendirilmesi de calismanin bir diger 6ne cikan
unsurunu olusturmaktadir.

Calismanin sonraki boliimleri su sekilde organize
edilmistir. Ikinci béliimde kisa bir literatiir taramasi
verilmigtir. Ugiincii  béliim, 6nerilen  yaklagimin
detaylarinin sunuldugu ii¢ alt béliimden olusmaktadir.
Dordiincii boliimde elde edilen sonuclar sunulmustur.
Son bélimde ise calismanin genel bir degerlendirmesi
yapilmaktadir.

Ogrenci-1 ‘ ‘ Ogrenci-2 ‘ ‘ Ogrenci-N
\ ) | |
‘ MPM-1 ‘
v v . v
‘ Grup-1 ‘ ‘ Grup-2 ‘ ‘ Grup-M ‘
‘ Grup ‘ ‘ Grup ‘ ‘ Grup
Karari-1 Karari-2 ' Karari-M
) | _ ] | ] ] )
R SE—
‘ MPM-2 ‘
1 v ¥
‘ Proje-1 ‘ ‘ Proje-2 ‘ ‘ Proje-M

Sekil 1. Ogrenci-Proje Atama Asamalari

2. Bilimsel Yazin Taramasi

Literatiirde yer alan OPA calismalari incelendiginde, bu
alanda bilinen ilk matematiksel programlama temelli
¢alismada, Proll (1972) tarafindan 6grenci tercihlerinin
dikkate alindigi bir atama modeli Onerilmistir. Bir
baska calismada, Anwar ve Bahaj (2003) OPA
probleminin ¢6ziimi icin farkli bakis acilarinin
yansitildig: iki farkli tamsayili programlama yaklasimi
onermislerdir. Birinci yaklasimda; oncelikle 6grenci
gruplart  olusturulmakta, sonrasinda her grup
projelerini  se¢cmektedir. ikinci yaklasimda ise
ogrenciler bireysel olarak projeleri se¢mekte ve
gruplar bu  projelere  atanan  Ogrencilerden
olusmaktadir. Pan, Chu, Han ve Huang (2009) d6grenci
ve O6gretim elemani tercihlerinin yan sira atanan proje
sayisinin da optimize edilmesi amaciyla problemin
¢ozimi icin bir hedef programlama modeli
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onermislerdir. Calvo-Serrano, Guillen-Gosalbez, Kohn
ve Masters (2017) onerdikleri karma-tamsayili
programlama yaklasimiyla, sadece proje tercihlerini
degil calisma alanlarim1 da dikkate alarak o6grenci
memnuniyetini arttirmayr amaglamiglardir. Cavdur ve
dig. (2019) tarafindan sunulan calismada ise tercih
unsurunun yani sira birtakim proje kriterleri ve bu
kriterleri karsilayan o6grenci nitelikleri ile kapasite
kisitlar1 da dikkate alinarak hedef programlama temelli
¢oziim yaklasimi gelistirilmistir. Benzer bir ¢alismada,
Cavdur ve dig. (2020) tamsayili programlama ile ¢ok-
kriterli OPA problemini ¢6zmiislerdir. Ardindan,
problem veri setinin diizenlenebildigi, OPA siirecinin
gerceklestirilebildigi ve atama sonuglarinin
raporlanabildigi bir karar destek sistemi uygulamasi
gelistirmislerdir. Das, Altinkaynak, Gokcen ve Tiirker
(2022) ogrencilerin tek tek gruplara atanmasinin
yerine, oOnceden belirlenen bir dizi aday grup
icerisinden proje kriterlerini saglayan uygun gruplarin
secildigi hedef programlama temelli cok-amacgh kiime
bolintileme formiilasyonu oOnermislerdir. Aday
gruplarin belirlenmesinde ise bireyler arasi sosyal
iliskileri ifade eden ag yapisinm1 dikkate almislardir.
Chiarandini, Fagerberg ve Gualandi (2019) tarafindan
yapilan ¢alismada ise literatiirdeki diger ¢alismalardan
farkli olarak adalet ve kolektif memnuniyet
kavramlarinin iizerinde durulmustur. OPA problemi
karma-tamsayili programlama formiilasyonu olarak
ifade edilmis ve farkli bakis agilarin1 ifade eden
modeller analiz edilmistir.

OPA probleminde grup ici cesitliligin arttirilmasi ve
gruplar arasi farkliliklarin azaltilmasi grup lyelerinin
motivasyonu acisindan 6nemli olabilmektedir. Cutshall,
Gavirneni ve Schultz (2007) grup liyelerinin akademik
performansinda esitligin saglanmasi, grup icerisinde
cesitliligin arttirllmasi ve demografik acidan dengeye
ulasilmasi amaciyla tamsayili programlama temelli bir
yaklasim onermislerdir. Borges, Dias ve Cunha (2009)
ise grup i¢i cesitliligin ve gruplar aras1 homojenligin
maksimize  edilmesi amaciyla bir  algoritma
onermislerdir. Sara¢ ve Ozcelik (2013) 6grencilerin
beraber ¢alismak istedikleri arkadaslarim1 kendilerinin
tercih ettikleri bir problem kurgusunda, 6grenci
nitelikleri acisindan dengeli gruplarin olusturulmasi
amaciyla  bir tamsayili programlama  modeli
sunmuslardir.

Gegmis calismalarda, OPA probleminin bir kararh-
eslestirme problemi olarak ele alindig1 calismalar da
yer almaktadir. Dye (2001) eslestirme probleminin
¢ozimi icin kisit programlama temelli bir ¢6zim
yaklasimi 6nermistir. Bir baska calismada, Abraham,
Irving ve Manlove (2007) hem o6grencilerin hem de
o0gretim elemanlarinin tercihlerini dikkate alarak
kapasite kisitlar1 altinda sirasiyla, 68renciler ve 6gretim
elemanlar1 i¢in en uygun sonuclar1 veren dogrusal-
zamanl iki algoritma sunmuslardir. Benzer bir
¢alismada, Manlove ve O’Malley (2008) problemin
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kapsamini genellestirerek bir yakinsama algoritmasi
onermislerdir. Iwama, Miyazaki ve Yanagisawa (2012)
ise alt ve list simir degerlerini iyilestirilerek Manlove
and O’Malley (2008) tarafindan oOnerilen algoritmayi
genisletmislerdir. Cooper ve Manlove (2018) tercih
listelerinin siralanmasinin gerekmedigi ve kararh
eslesmelerin farkli boyutlarda olabildigi senaryo icin
dogrusal-zamanli yakinsama algoritmasi 6nermislerdir.
Manlove, Milne ve Olaosebikan (2018) problemin
optimal ¢6ziimi i¢in tamsayili programlama modeli
Onererek gecmis calismalardaki yakinsama
algoritmalarinin performansini bu modelin
performansi ile karsilastirmiglardir. Olaosebikan ve
Manlove (2020a) ise gelistirdikleri polinom-zamanlh
algoritma ile siiper-kararli eslestirmelerin bulunmasini
amaclamiglardir. Olaosebikan ve Manlove (2020b)
tarafindan sunulan bir diger calismada, giiclii-kararl
eslestirmelerin elde edilebilmesi i¢cin polinom-zamanl
bir algoritma o6nerilmistir. Manlove, Milne ve
Olaosebikan (2022) calismalarinda, farkl
karmasikliktaki 6rneklemlerde maksimum boyutta
kararl eslesmeleri bulmak icin yaptiklar: algoritmik ve
deneysel calismalarin sonuglarini sunmuslardir. Viet,
Van Tan ve Cao (2020) tercih bazli OPA problemi icin
maksimum zayif-kararli  eslesmelerin  bulunmasi
amaciyla bir algoritma Onermislerdir. Ismaili,
Yamaguchi ve Yokoo (2018) ise projelere kaynak atama
stireci ile 6grenci-proje eslestirme siirecini birlikte ele
almiglardir.  Ogrenci-proje-kaynak atama problemi
olarak adlandirilan problemde, projelere hem
ogrenciler hem de kaynaklar atanmakta ve atanan
kaynaklar projenin ogrenci kapasitesini
belirlemektedir. Benzer bir ¢calismada, Yahiro ve Yokoo
(2020) ogrencilerin projeleri ve projelerin de
ogrencileri tercih ettikleri 6grenci-proje-kaynak
eslestirme-atama probleminin ¢6ziimii i¢in oyun teorisi
temelli bir yaklasim gelistirmislerdir. Aderanti, Amosa
ve Oluwatobiloba (2016) tarafindan yapilan ¢alismada
ise OPA probleminin ¢6ziimii icin arka planda bir
eslestirme algoritmasinin kullanildigi web-tabanli bir
sistem gelistirilmistir.

OPA probleminin ¢éziimii icin literatiirdeki diger
¢oziim yaklasimlar1 incelendiginde, birtakim sezgisel
yaklasimlarin varligindan so6z edilebilir. Fitzpatrick,
Askin ve Goldberg (2001) o6nerdikleri matematiksel
programlama ve sezgisel tabanli hibrit yaklasimda,
ogrencilerin teknik nitelikleriyle birlikte i¢giidiisel
egilimlerini de dikkate almak icin Kolbe-indeksini
kullanmislardir. Harper, de Senna, Vieira ve Shahani
(2005) ogrenciler tarafindan daha fazla tercih edilen
popililer projelerin hangi 6grencilere atanacaklarini
belirlemek amaciyla genetik algoritma onermislerdir.
Agustin-Blas, Salcedo-Sanz, Ortiz-Garcia, Portilla-
Figueras ve Perez-Bellido (2009) 6grenci laboratuvar
gruplarinin olusturulmasi icin hibrit genetik algoritma
onermislerdir. Burada, 6grenci ve Ogretim elemamn
tercihlerinin yani sira laboratuvar kapasitesi de dikkate
alinmaktadir. Hiibscher (2010) ise grup ici cesitliligin
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fazla oldugu ve gruplar arasinda yetenekler agisindan
esitliin bulundugu durumda 6grenci gruplarinin
olusturulmasi icin tabu arama algoritmasi temelli bir
yaklasim sunmustur. Sahin (2011) 6grenci tercihlerinin
ve Ogretim elemani gorislerinin dikkate alinarak
ogrenci gruplarinin  olusturulmasi icin Prim'in
minimum kapsayan aga¢ algoritmasi temelli bir
algoritma Onermis ve elde edilen sonuclar1 analiz
etmistir. Maashi ve dig. (2020) tarafindan yapilan
calismada dnceden belirlenen 6grenci gruplarinin, ag
gozlii dogrusal bir algoritma ile kapasite kisitlar1 ve
grup tercihleri dikkate alinarak projelere atanmalari
saglanmaktadir. Binong (2021) daha iyi akademik
performansa sahip 6grencileri motive etmek amaciyla,
bu o6grencilerin tercihlerine daha yiiksek o6ncelik
vererek sezgisel bir algoritma ile proje atamalarim
gerceklestirmektedir. Chown, Cook ve Wilding (2018)
ise 6grenci tercihlerinin yani sira danisman is yiikiiniin
de dikkate alindig1 bir problem kurgusu i¢in tavlama
benzetimi yaklasimini kullanmislardir. Kenekayoro ve
Fawei (2020) siralama temelli sezgisel yaklasim,
genetik algoritma ve karinca kolonisi optimizasyonu
olmak iizere farkli yontemler kullanarak elde edilen
atama sonuglarini analiz etmislerdir. Alberola, Val,
Sanchez-Anguix ve Julian (2016) tarafindan yapilan
calismada oncelikle icerdigi farkli grup olusturma
stratejileri ile karar vericilere test imkani sunan,
sonrasinda yapay zeka yontemleri kullanilarak
gruplarin olusturulmasini saglayan genel bir cerceve
sunulmustur.

OPA siirecinde bireylerin tercihlerinin dikkate alinmasi
onceki paragraflarda da bahsedildigi gibi literatiirde
siklikla gériilen bir durumdur. Ote yandan, bireylerin
bir araya gelerek bir grubu olusturmasi sebebiyle
direkt olarak grup tercihi de ele alinabilir. Bu bakis
acisy, grup karar verme tekniklerinin 6nemini giindeme
getirmektedir. Bu bolimde, literatiirde yer alan giincel
grup karar verme tekniklerinden birtakim o6rnekler
sunulmaktadir. Grup karar verme tekniklerinin birgok
farkl alanda uygulandig1 goriilmektedir. Samanlioglu,
Taskaya, Gulen ve Cokcan (2018) tarafindan yapilan
calismada yoneticilerin personel se¢ciminde hem sozel
hem de sayisal 6lgekteki degerlendirmelerini dikkate
alabilmek i¢in bulanik-AHP ve bulanik-TOPSIS temelli
bir yaklasim Onerilmistir. Bulanik AHP-TOPSIS
hesaplamalarinda, grup karar verme siirecinde, karar
vericilerin  s6zli  degerlendirmelerinin  6nemini
yansitan hiyerarsik agirliklar kullanmilmistir. Yu, Shao,
Wang ve Zhang (2019) tedarik¢i se¢imi igin TOPSIS
yaklasiminin bir uzantisi olarak aralik-degerli Pisagor
bulanik ortaminda grup kararinin verilebildigi bir
yaklasim sunmuslardir. Banaeian, Mobli, Fahimnia,
Nielsen ve Omid (2018) ise yesil tedarik¢i seg¢imi
problemi i¢cin bulanik-TOPSIS, bulanik-VIKOR ve
bulanik-Gri iliskisel Analiz yéntemi kullanarak elde
edilen sonuglar1 analiz etmislerdir. Wu, Ahmad ve Xu
(2016) ¢ok sayida karar vericinin bulundugu ortamda,
CNC takim tezgahi se¢imi i¢in s6zel bilgilerin de dikkate
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alinabilmesi amaciyla bulanik-VIKOR temelli bir
yaklasim onermislerdir. Bir baska c¢alismada, Cali ve
Balaman (2019) ELECTE-I ve VIKOR yontemlerini
sezgisel bulanik bir ortamda kullanarak karar vermeyi
amaglamis, grup kararinin belirlenmesinde ise entropi
yontemi ve farkli uyum kiimelerinin agirliklarini
belirlemek icin agirhikh mesafe  yaklasimi
kullanmislardir. Kao ve Liu (2022) ise robot secim
problemi icin veri zarflama metodu temelli bir grup
karar verme stratejisi sunmuslardir. Grup karar verme
stirecinde ¢ok-kriterli karar verme yontemlerinin
kullanimi 6n plana ¢iksa da sosyal ag analizi (Dong,
Zhou ve Martinez, 2019; Zhang, Gao ve Li, 2020)
kiimeleme yaklasimlar: (Tang, Liao, Xu, Streimikiene ve
Zheng, 2020) ve optimizasyon temelli (Zhang, Dong ve
Herrera-Viedma, 2019) cesitli yaklasimlarin da oldugu
gorilmektedir. Cavdur, Sebath ve Kdse-Kiiciik (2019)
calismalarinda, OPA probleminde dikkate alinan
kriterlerin agirliklarini belirlemek icin AHP ve dogrusal
olmayan programlama temelli hibrit bir grup karar
verme yaklasimi kullanmislardir. Benzer bir calismada,
AHP ile belirlenen bireysel kararlarin grup kararina
dontistiiriilmesinde aritmetik, geometrik, harmonik ve
kuadratik ortalama yaklasimlari kullanilmis ve
sonuglari analiz edilmistir (Baglarbasi-Mutlu, Sebatli ve
Cavdur, 2018). Koksalmis ve Kabak (2019) tarafindan
sunulan calismada ise grup karar vermede karar
vericilerin agirliklarinin belirlenmesi i¢in kullanilan
teknikler ile ilgili glincel literatiir taramasi yapilmistir.

Bu calismanin d6ne ¢ikan yani, dgrencilerin bireysel
tercihlerinin yerine, birtakim kriterleri saglamak
kosuluyla olusturulan 6grenci gruplarinin tercihlerinin
ele alimmasidir. Bunun yani1 sira, gruptaki bir
o0grencinin bir projede c¢alismak iizere yiiksek
motivasyona sahip olmasi (projeyi ilk siralarda tercih
etmesi) veya yeterince motive olmamasi (projeyi son
siralarda tercih etmesi) gibi farkli bakis agilarinin
probleme dahil edilmesiyle farkli grup kararlar igin
elde edilen sonuglar analiz edilmistir.

3. Yontem

Bu calismada arastirma ve yayin etigine uyularak
ogrencilerin projelere atanmalar! i¢in li¢ asamali bir
yaklasim kullanilmistir. Literatiirde yer alan bir 0-1
tamsayili-hedef  programlama  formiilasyonundan
adapte edilmis olan matematiksel programlama
modeliyle, calismanin ilk asamasinda g¢esitli kriterler
dikkate alinarak 6grenci gruplarinin olusturulmasi
gerceklestirilmektedir (Cavdur ve dig., 2019; Cavdur ve
dig., 2020). Sonraki asamada, grup-proje eslestirmeleri
gerceklestirilmeden once, olusturulan gruplarin proje
tercihleri i¢in grup iyelerinin farkli bakis acilarim
yansitan grup kararlari belirlenmektedir. Son olarak,
ogrenci gruplarinin proje tercihlerine yonelik olarak
olusturulan grup Kkararlar1 kullanilarak bir 0-1
tamsayili  program ile grup-proje  atamalar
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gerceklestirilmektedir. izleyen boliimlerde sirasiyla bu
li¢ asamaya ait detaylar sunulmaktadir.

3.1. Ogrenci Gruplarinin Olusturulmasi

Ogrencilerin gruplara atandigi ilk asamada; (i) bir
grupta yer olan toplam 6grenci sayisi, (ii) GANO, (iii)
yabanc dil, (iv) bilgisayar programlama, (v) genel ofis
yazilimlar1 ve (vi) veri tabani yonetimi bilgisi olmak
lizere alt1 hedef dikkate alinmistir. Bu amagla kullanilan
0-1 tamsayili-hedef programlama modelinde (MPM-1),
ilgili alti hedeften minimum sapma ile 6grencilerin
hangi gruba atanacaklarina karar verilmektedir. Bu
amagla, Cavdur ve dig. (2019) ve Cavdur ve dig. (2020)
tarafindan gergeklestirilen ¢alismalardan adapte edilen
MPM-1 asagidaki sekilde tanimlanmaktadir.

Indisler:
i: Ogrenciindisi, i = 1,...,n
J: Grup indisi,j = 1, ...,m

Parametreler:

Ng: bir grupta olmasi istenen kisi sayisi

NIUR(NIeXY:  bir grupta olmast istenen Kisi sayisinin
alt (ist) limit degeri

Gr: bir grupta olmasi istenen ortalama
genel akademik not ortalamasi degeri
bir grupta olmasi istenen genel

GIn(Gmax):  akademik not ortalamasi degerinin alt
(tst) limit degeri

gi: i. Ogrencinin genel akademik not
ortalamasi

qi: i. 0grencinin yabanci dil yetenegini
gosteren 0-1 parametre

q?: i. 0grencinin bilgisayar programlama
yetenegini gosteren 0-1 parametre

q: i. oOgrencinin genel ofis yazilimlan
yetenegini gosteren 0-1 parametre

q: i. Ogrencinin veri tabani yonetimi

yetenegini gosteren 0-1 parametre

Degiskenler:
X {1, i.6grenci j. gruba ataniyorsa
Y 0, aksi durumda
qlit. bir grupta olmasi istenen kisi sayisi
] hedefinden sapma miktarlari
d2t. bir grupta olmasi istenen ortalama
J GANO hedefinden sapma miktarlari
a3t yabanci dil yetenegi hedefinden sapma
1 miktarlari
qit bilgisayar = programlama  yetenegi
] hedefinden sapma miktarlari
45t genel ofis yazilimlarn  yetenegi
J hedefinden sapma miktarlari
d6+. veri  tabam1  yonetimi  yetenegi
J hedefinden sapma miktarlari
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Kisitlar:
m
inj = 1, Vi (2)
j=1
n
xi]- + d]:-l_ - d1+ NS' VJ (3)
i=1
n
Nmin < Z < Nmax’ vj (4)
Z gixy — Z Grxy +dP~ —d?* =0, Vj (5)
Z Gmmxu Z gl.xl] = Z Gmaxxlj’ Vj (6)
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Z Gy +di—dSt =1, vj 9)
Z gy +dS"—dSt =1, vj (10)
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di*, .., d* =0, vj (12)

Denklem (1) ile modelde dikkate alinan Kkriterlerin
hedef degerlerinden sapmalari minimize edilmektedir.
Burada dikkate alinan hedefe bagh olarak sadece
negatif veya hem pozitif hem negatif sapma
degiskenlerinin minimize edilmesi s6z konusudur.
Denklem (2) ile her 6grencinin mutlaka bir gruba
atanmasi saglanmaktadir. Denklem (3) ile her grupta
istenen sayida 6grenci olmasi hedeflenirken, Denklem
(4) ile bu sayinin belirlenen alt ve iist limit degerlerinin
arasinda olmas1 saglanmaktadir. Benzer sekilde,
Denklem (5) ile her grubun ortalama GANO degerinin
sinifin  ortalama GANO degerine esit olmasi
hedeflenirken, Denklem (6) ile bu degerin belirlenen alt
ve list degerlerin arasinda olmasi saglanmaktadir.
Denklem (7)-(10) ile her grupta en az bir Kisinin,
sirasiyla, yabanci  dil yetenegine, bilgisayar
programlama yetenegine, genel ofis yazilimlar
yetenegine ve veri tabani yonetimi yetenegine sahip
olmas1 hedeflenmektedir. Denklem (11) ve (12) ise
genel isaret kisitlarini ifade etmektedir.
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3.2. Grup Kararlarinin Belirlenmesi

Ogrencilerin gruplara atanma agamasindan sonra,
olusturulmus olan 6grenci gruplarindaki bireysel proje
tercihleri dikkate alinarak, gruplar icin proje
tercihlerini gosteren grup kararlari belirlenmektedir.
Grup kararlarn olusturulurken, grup iiyelerinin proje
tercihlerinin ortalamasi, grup Uyelerinin proje
tercihlerinin minimumu ve grup iyelerinin proje
tercihlerinin maksimumu olmak {izere ti¢ farkli bakis
acis1 dikkate alinmaktadir. Grup tercihlerinin bu ¢
farkli sekilde belirlenmesiyle, gruplarin projeleri
ortalama tercih diizeylerinin yaninda, her grup icin
grup uyeleri arasindan projeleri en yiliksek ve en disiik
oncelikle tercih eden o6grenci tercihinin de dikkate
alinmasi amaglanmistir. Ogrenci gruplarinin
olusturulmasi, grup Kkararlarinin belirlenmesi ve
onerilen yaklasimin daha anlasilir olmasi igin on
O0grenci ve li¢ projeden olusan o6rnek bir veri seti
olusturulmustur. Burada, o6grencilerin yetenekleri
rassal olarak olusturulmus olup GANO degerleri [1,80,
4,00] araliginda deger alan, yabanci dil yetenegine
sahip bir 0Ogrencinin, bilgisayar programlama
yetenegine sahip ii¢ 6grencinin, genel ofis yazilimlari
yetenegine sahip sekiz 6grencinin ve veri tabani
yonetimi yetenegine sahip iki 6grencinin bulundugu bir
veri seti olusturulmustur. On 6grenci i¢in rassal olarak
olusturulan GANO (g;), yabanci dil yetenegi (g}),
bilgisayar programlama yetenegi (g?), genel ofis
yazilimlar1 yetenegi (q7) ve veri tabami yénetimi
yetenegi (q;) degerleri Tablo 1'de gosterilmistir.

Tablo 1. Ornek Veri Seti icin Ogrenci Parametreleri

Ogrenci g; ! z 3 :

~.
-

3,10
1,89
4,00
1,80
3,50
3,40
2,31
3,30
3,21
2,65

O© 00 N O U1 » W N -
S O O O O O o »r O o
_ O O O O O~ +»r O O
O R P O R Rk P PR P
SO kR O O O O O O O

[UnN
o

Ogrenci gruplarinin  olusturulmas1 icin MPM-1'in
coziimiinde kullanilan parametreler; NZM" (NI9X)
degerleri 2 (4), Ng degeri 3, GI™ (GI'%*) degerleri 2,60
(3,20) ve Gy degeri 2,90 olarak belirlenmistir. Bu
degerler ilgili rassal veri setinin 6zellikleri (6rnegin,
ogrenci yeteneklerinin ortalamalar1) dikkate alinarak
hesaplanmistir. Olusturulan 6grenci gruplarinin, grup
kararlarinin nasil belirlendigi Tablo 2’'de gosterilmistir.
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Tablo 2'nin sol kisminda 6grencilerin atandiklar1 proje
gruplar1 ve bireysel proje tercihleri goriilmektedir.
Tablo 2'de saga dogru gruplandirilmis sekilde

Tablo 2. Ornek Veri Seti icin Grup Kararlar
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gosterilen Uic matris ise sirasiyla her grup icin
hesaplanan ortalama, minimum ve maksimum tercih
diizeylerini gostermektedir.

Ortalama Tercih

Minimum Tercih Maksimum Tercih

Bireysel Tercihler

0 G OT P1 P2 P3 GT P1 P2 P3 GT P1 P2 P3 GT P1 P2 P3
01 01 2 3 1 G1 2,00 2,00 2,00 G1 1 1 1 G1 3 3 3
02 G1 02 1 2 3 G2 2,33 2,00 1,67 G2 1 1 1 G2 3 3 2
03 03 3 1 2 G3 1,75 2,50 1,75 G3 1 2 1 G3 3 3 3
04 04 3 1 2

05 G2 05 1 3 2

06 06 3 2 1

07 07 1 2 3

08 08 1 3 2

o0 9B 59 2 3 1

010 010 3 2 1

0: Ogrenci, G: Grup, P: Proje, OT: Ogrenci Tercihi, GT: Grup Tercihi

Tablo 2 incelendiginde 6rnegin, ii¢ 6grenciden olusan
ilk grubun, birinci projeyi ortalama tercih diizeyi
avg{2,3,1} = 2, minimum tercih diizeyi min{2,3,1} =1
ve maksimum tercih diizeyi de max{2,3,1} = 3 olarak
belirlenmistir. Diger bir ifadeyle, grupta projeyi ilk
sirada tercih eden bir 6grenci, ikinci sirada tercih eden
bir 6grenci ve lgiincii sirada tercih eden bir 6grenci
bulunmakta olup, grupta ii¢ kisi yer aldigindan projenin
ortalama tercih diizeyi iki olarak belirlenmistir. Diger
girdiler de benzer sekilde yorumlanabilir. Tablo 2’de
aciklanan tercih diizeyi belirleme seklinin formal bir
sekilde ifade edilmesi amaciyla, i 6grenci indisi, j grup
indisi, k proje indisi, x;; birinci asamada elde edilen
¢oziimden gelen (i. 6grenci j. gruba ataniyorsa 1, aksi
durumda O degerini alan) degiskenler ve p; .
ogrencinin k. projeyi tercih dilizeyi olmak iizere, j
grubunun k projesi icin ortalama proje tercih diizeyi,
Denklem (13) ile hesaplanmaktadir.

(avg)

gp;e® = avglpuxi}, Vik (13)
L

Benzer sekilde, her grup icin grup tyeleri arasindan
projeleri en yiiksek ve en diisiik 6ncelikle tercih eden
ogrenci tercihinin de dikkate alinmasi amaciyla
hesaplanan grup iyelerinin tercihlerinin minimumu ve
maksimumu da Denklem (14) ve Denklem (15) ile
belirlenmektedir.

gp;;Tm) = miin{pikxij}: vj, k (14)
gplglr? ™ = m?X{pikxij}' V), k (15)

3.3. Grup Proje Atamalarinin Gergeklestirilmesi

Grup tercihlerinin belirlenmesinin ardindan, énerilen
yaklasimin son asamasinda grup-proje eslestirmeleri

gerceklestirilmektedir. Bu amagla, onceki asamada
belirlenmis olan grup tercihlerinin atama maliyeti
olarak ele alindig1 genel atama modeli icin 0-1 tamsayili
programlama modeli kullanilarak, gruplar icin
olusturulan ortalama, minimum ve maksimum tercih
diizeyleri dikkate alinarak grup-proje eslestirmeleri
gerceklestirilmistir. Bu asamada kullanilan model
asagidaki sekilde tanimlanmaktadir.

Indisler:
j: Grup indisi,j =1, ...,m

k: Projeindisi, k = 1,...,m

Parametreler:

gDjk: j. grubun k. projeyi tercih etme diizeyi
Degiskenler:

Yoo {1, j.grup k. projeye ataniyorsa

Ik 0, aksi durumda
Amag fonksiyonu:

m m
minz = Z Z IPjiXjk (16)
j=1k=1

Kisitlar:

m

ijk =1, Vj (17
k=1

m

D me=1, vk (18)
j=1

X €{0,1}, V), k (19)

Denklem (16) ile grup kararlar1 dikkate alinarak
belirlenen tercih diizeyleri minimize edilerek, gruplarin
en yiiksek diizeyde tercih ettikleri projeler atanmasi
amaclanmaktadir. Denklem (17) ile her grup bir
projeye ve Denklem (18) ile her proje bir gruba
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atanmaktadir. Denklem (19) genel isaret kisitini ifade
etmektedir.

4. Bulgular

Bu ¢alismada OPA problemi icin &nerilen ¢dziim
yaklasimi gercek bir problem iizerinde uygulanmis ve
elde edilen sonuclarin performansi analiz edilmistir.
Calisma kapsaminda OPA problemi icin ii¢ yila ait veri
seti kullanilmistir (Cavdur, 2018). Kullanilan veri
setlerine ait Ogrenci ve proje sayisi Tablo 3’te
gosterilmistir.

Tablo 3. Problem Veri Setlerinin Ozellikleri

Veri Seti-1 Veri Seti-2 Veri Seti-3

Ogrenci Sayis1 70 68 73
Proje Sayisi 25 22 24

Calismanin ilk asamasinda 6grenci gruplarinin
olusturulmasi sirasinda kullanilan MPM-1 modeli ile (i)
bir grupta yer olan toplam 6grenci sayisi, (ii) GANO,
(iii) yabanci dil, (iv) bilgisayar programlama, (v) genel
ofis yazilimlar1 ve (vi) veri tabani ydnetimi bilgisi
olmak iizere alti kriter ele alinirken, ¢alismanin son
asamasinda grup-proje eslestirmelerinin
gerceklestirilmesi sirasinda kullanilan MPM-2 modeli
ile de gruplarin proje tercihleri dikkate alinmaktadir.
Dolayisiyla, biitiinlesik olarak degerlendirildiginde ilgili
matematiksel programlama modelleri ile toplamda
yedi kriter dikkate alinarak OPA problemi ¢oziilmekte
ve Onerilen yaklasimin performansi s6z konusu yedi
kritere ait normalize edilmis yiizdelik degerler
kullanilarak incelenmektedir. Herhangi bir kritere ait
yuzdelik performans skoru (%100 olabilecek en iyi
performans skorunu gostermek {iizere) ilgili kriterin
saglanma diizeyini gostermektedir. S6z konusu
modellerin ¢6ziimii Intel(R) Core(TM) i5-10210U CPU
@ 1.60GHz 2.11 GHz ozelliklerinde bir bilgisayar
ortaminda GAMS ara yiizli kullanilarak CPLEX ¢oziiciisii
ile gerceklestirilmistir.

Bu c¢alismada, oOnerilen yaklasima ek olarak,
literatiirden adapte edilen iki farkli yaklasim da
uygulanmis ve performanslari Onerilen yaklasimin
performansi ile kiyaslanmistir. Literatiirden adapte
edilen yaklasimlardan ilki, Cavdur ve dig. (2019)
tarafindan oOnerilen tim kriterlerin (toplam yedi
kriterin) dikkate alindig1 ve ilgili ¢alismadan adapte
edilen formiilasyonla problemin ¢6zildigii durumu,
digeri ise yine Cavdur ve dig. (2019) tarafindan
onerilen tim kriterlerden tercih disindaki kriterlerin
(toplam alt1 kriter) dikkate alindig1 ve ilgili calismadan
adapte edilen formiilasyonla problemin c¢o6zildiagi
durumu ifade etmektedir. Boylece, yine tercih disindaki
tlim kriterlerin dikkate alinmis oldugu bu c¢alismada
Onerilen Yaklasim (0Y) ile de uyumlu olacak sekilde bir
kurgu olusturulmus olmaktadir. Literatiirden adapte
edilen iki yaklasimdan birincisinde tiim kriterlerin
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dikkate alinmasi, digerinde ise tercih disindaki tiim
kriterlerin dikkate alinmasi nedeniyle, ilgili yaklasimlar
da tercih kriterinin sirasiyla dikkate alindigini ve
alinmadigini ifade etmek amaciyla YT+ ve YT- seklinde
gosterilmistir. Sonug¢ olarak, bu boliimde (i) tercihle
birlikte tiim kriterlerin dikkate alindig1 yaklasim (YT+),
tercih disindaki tiim kriterlerin dikkate alindigi
yaklasim (YT-) ve 6nerilen yaklasim (0Y) olmak iizere
tic¢ farkli yaklasima ait performans skorlari
kiyaslanmigtir. Onceki boélimde de belirtildigi gibi
onerilen yaklasim kapsaminda tercih kriteri agisindan
farkl bakis acilarini yansitmak amaciyla ti¢ farkli grup
karar1 degerlendirilmis ve bunlara karsiik gelen
performans skorlari, 6nceki bélimde ele alindiklari
sekilde, grubun ortalama, iyimser ve kotiimser bakis
acilarini ifade ettikleri varsayilmistir. Bir diger ifadeyle,
ilgili grup kararlari, grubun tercih diizeyi ortalamasin
(0Y-0), projeyi en iist sirada tercih eden égrencinin
tercih diizeyini (OY-I) ve projeyi en alt sirada tercih
eden ogrencinin tercih diizeyini (0Y-K) dikkate
aldigindan, tercih kriterinin ilgili performans skorlari
sirasiyla; ortalama, iyimser ve kotiimser bakis acilarina
karsilik gelen skorlar olarak ifade edilmekte ve sonug
tablolarinda tercih kriteri kisminda ilgili bakis acilarina
karsihik gelen {i¢ farklh deger seklinde ifade
edilmektedir. Diger yaklasimlardan elde edilen ve
ayrica s6z konusu bakis agilarini da yansitan grup
kararlar1 dikkate alinarak hesaplanan performans
skorlar1 ¢alisma kapsaminda kullanilan ¢ farkli veri
seti i¢cin Tablo 4’te verilmistir. Tabloda her bir veri seti
icin optimal ¢6zlimlerin elde edildigi ¢6zlim stireleri de
saniye cinsinden verilmis olup bu degerler minimum
41,89, ortalama 51,01 ve maksimum 71,02 saniyedir.
Tabloda yer alan performans skorlarinin nasil
hesaplandigi asagidaki gibi 6zetlenebilir:

(i) Tercih kriteri i¢in hesaplanan performans skoru
Denklem (20) ile verilen ifadede oldugu gibi tercih
hedefinden sapmalarin agirliklandirilmasina dayanarak
belirlenmektedir. Bir diger ifadeyle, ideal durumda her
o0grencinin birinci tercihine atanacagl distnitlirse
(pi i 1) ile bu durumdan sapmalar hesaplanmaktadir.
Ardindan, sapma degerlerinin agirlikli ortalamasinin
birden ¢ikartilmasi ile Tercih Performans Skoru (TPS)
hesaplanmaktadir. Buradaki p™** degeri ise tercih
kriteri list siniridir.

o X (i — 1)
pmaXn

TPS=1-— (20)

(ii) Gruptaki 6grenci sayisi kriterinin performans skoru
hesaplanirken oncelikle her gruba atanan 6grenci
sayist belirlenmektedir. Ardindan bir grupta olmasi
istenen Kkisi sayisina (Ng) esit sayida 6grenciye sahip
grup sayisl, toplam grup sayisina (m) boliinmektedir.
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Tablo 4. OPA Problemi Sonuglari
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Performans Olgiitii YT+ YT-  0Y-0/i/K lyilesme Orani
Tercih 085 029 0,62/0,95/0,36 %-27 [ %12 / %-58 : %-24
Gruptaki Ogrenci Sayisi 056 0,80 0,80 %43

_, | GANO 097 099 0,99 %2

&5 | Yabanc Dil 1,00 1,00 1,00 %0

C%: Bilgisayar Programlama 088 1,00 1,00 %14

.51'5 Genel Ofis Yazilimlar1 088 1,00 1,00 %14

= | Veri Tabani Yénetimi 052 052 0,52 %0
Diger Kriterlerin Ort. Performans Skoru 0,79 0,89 0,89 Ortalama iyile$me Orani
Céziim Siiresi (saniye) 41,89 4820 44,92 /44,78 / 44,73 | %7
Tercih 094 046 057/0,98/0,48 %-39 / %4 / %-49 : %-28
Gruptaki Ogrenci Sayisi 045 091 0,91 %102

« | GANO 096 099 0,99 %3

- | Yabana Dil 045 055 055 %22

& | Bilgisayar Programlama 1,00 1,00 1,00 %0

E Genel Ofis Yazilimlari 1,00 1,00 1,00 %0

= Veri Tabani Yonetimi 095 1,00 1,00 %5
Diger Kriterlerin Ort. Performans Skoru 0,80 0,91 0,91 Ortalama iyilegme Orani
Coziim Siiresi (saniye) 41,97 42,30 44,61 /44,70 /44,57 | %15
Tercih 087 015 0,42/0,94/0,15 %-52 / %8 / % -83 : %-42
Gruptaki Ogrenci Sayisi 063 096 0,96 %52

-~ GANO 097 099 099 %2

-5 | Yabana Dil 038 046 046 %21

A Bilgisayar Programlama 1,00 1,00 1,00 %0

5 | Genel Ofis Yazimlari 1,00 1,00 1,00 %0

= Veri Tabani Yonetimi 0,75 0,79 0,79 %5
Diger Kriterlerin Ort. Performans Skoru | 0,79 0,87 0,87 Ortalama lyilesme Orani
Coziim Siiresi (saniye) 43,61 70,17 6881/68,83/71,02 | %6

(iii) GANO  kriterine ait performans skoru Ozetle, tiim performans skorlarinm ilgili kritere ait

hesaplanirken 6ncelikle her grubun ortalama GANO
degerinin bir grupta olmasi istenen ortalama GANO
(Gr) degerinden mutlak degerce sapmalar yiizdesel
olarak  belirlenmektedir. Ardindan, bu sapma
degerlerinin ortalamasinin birden c¢ikartilmasi ile
GANO kriterinin tatmin diizeyi hesaplanmaktadir.

(iv) Yabanca dil kriterine ait sapma degeri
hesaplanirken her bir gruba atanan 6grenciler arasinda
en az bir kisinin yabanci dil yetenegine sahip olup
olmadig1 kontrol edilmektedir. Ardindan, en az bir
kisinin ilgili kriteri sagladig1 grup sayisi, toplam grup
sayisina  (m)  boliinerek  performans  skoru
hesaplanmaktadir. Diger  kriterler (bilgisayar
programlama, genel ofis yazilimlar1 ve veri tabam
yonetimi yetenekleri) icin de benzer yaklasimla
performans skoru hesaplanmaktadir.

hedef degerin tatmin edilmesine iliskin oram ifade
ettigi ve [0,1] arasinda deger aldig1 sdylenebilir. Burada
bire yakin degerler ilgili kriterin yiiksek oranda
karsilandig1 anlamina gelmektedir.

Tablolardaki performans skorlarinin detayli olarak
incelenmesinden once, Onerilen yaklasimin g
asamasinda (i) tercih kriteri dikkate alinmadan 6grenci
gruplarinin olusturuldugu, (ii) olusturulan gruplardaki
bireysel  6grenci tercihleri kullanilarak  grup
kararlarinin  belirlendigi ve (iii) gruplarin proje
tercihlerine ait grup kararlar1 dikkate alinarak grup-
proje eslestirmelerinin gerceklestirildiginin
tekrarlanmasinin faydal olacag diisiiniilmektedir. Bir
diger ifadeyle, oOnerilen yaklasimda gruplarin
olusturulmasi  sirasinda tercih  kriteri  dikkate
alinmamaktadir. Bu acidan bakildiginda, beklendigi
sekilde, 0Y-0 siitununda verilen tercih skoruna ait
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performans degerlerinin, tercih kriterinin hi¢ dikkate
alinmadigi YT- ve tercih kriterinin de dikkate alinarak
gruplarin olusturuldugu YT+ arasinda yer aldigi
goriilmektedir. Benzer sekilde, onerilen yaklasimda
tercih  kriteri  i¢in  iyimser  bakis  agisinin
degerlendirilmesi durumunda ise yine beklendigi
sekilde, iyimser bakis acisina karsihk gelen OY-I
stitunundaki tercih kriterine ait performans skorlarinin
veri seti icin en yiiksek performans skorlarina karsilik
geldigi goriilmektedir. Onerilen yaklasimda, tercih
kriteri icin kotlimser bakis agisinin degerlendirilmesi
durumunda ise kotiimser bakis agisina karsilik gelen
OY-K siitununda verilen tercih skoruna ait performans
degerlerinin beklendigi sekilde, tercih kriterinin hic
dikkate alinmadig1 YT- performans skoruna esit veya
YT- performans skoru ve tercih Kkriterinin de dikkate
alimarak gruplarin olusturuldugu YT+ performans
skoru arasinda oldugu gériilmektedir. Ote yandan,
onerilen yaklasim ile tercih disindaki tiim kriterler
dikkate alinarak gruplar olusturuldugundan, yine
beklendigi sekilde, diger kriterler acisindan 6nerilen
yaklasimin performans skorlarinin genel olarak YT-
yaklasimiyla paralel olacak sekilde ve YT+
yaklasimindan daha yiiksek skorlar {iretmesi
beklenecektir.

Ornegin Veri Seti-3 icin performans skorlar
incelendiginde, tercih kriterine acisindan 0Y-O
stitununda yer alan %42 degerinin, YT- siitununda yer
alan %15 ve YT+ slitununda yer alan %87 degerleri
arasinda yer aldig1 ve benzer sekilde, OY-I ve OY-K
stitunlarinda yer alan degerlerin de sirasiyla en ytiksek
ve en diisik performans skorlar1 olan %94 ve %15
degerlerine Kkarsilik geldigi goriilmektedir. Diger
kriterler acisindan incelendiginde ise yine OY
sitununda yer alan degerlerin YT- siitunundaki
degerlerle esit ve YT+ siitunundaki degerlerden daha
yiiksek olduklar1 goriilmektedir. Ornegin Veri Seti-3
icin diger kriterlerin ortalama performansi skorunun,
OY ve YT- i¢cin %87 iken, YT+ icin ise bu degerin 79%
oldugu goriilmektedir. Veri Seti-3 icin gerceklestirilen
bu goézlemlerin genel olarak diger veri setleri icin de
gecerli oldugu goriilmektedir.

Tablo 4’lin son siitununda ise 6nerilen yaklasim ile elde
edilen sonuglarin (0Y performansinin) literatiirde yer
alan yaklasim ile elde edilen sonuglara (YT+
performansina) kiyasla performans Olgiitlerinde
meydana getirdigi iyilestirme oranlar1 sunulmustur.
Ornegin, Veri Seti-1 icin gruptaki &grenci sayisi
kriterinin performansi 0,56 degerinden 0,80 degerine
cikarak %43 iyilestirme elde edilmistir. Diger
iyilestirme oranlar1 da benzer sekilde hesaplanmistir.
Tercih kriteri icin ortalama, iyimser ve kotiimser bakis
acilarina ait oranlar ayri ayr1 hesaplanirken ilgili alanda
yazan son deger olarak bu ii¢ degerin ortalamasi da
sunulmustur. Her bir veri seti i¢in tiim kriterlerin
ortalama iyilesme oranlar1 hesaplanmis olup bu
degerler sirasiyla %7, %15, %6’dur.
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5. Tartisma ve Sonuglar

OPA, genel olarak, cesitli kriterlerin dikkate alinmasiyla
Ogrenci-proje gruplarinin olusturmasin ve bu gruplara
projelerin atanmasimi iceren bir problem olarak
tanimlanabilir. Bu ¢alismada, problemin ¢éziimii i¢in ii¢
asamadan olusan bir yaklasim Onerilmektedir.
Literatiirde yer alan bir 0-1 tamsayili-hedef
programlama formiilasyonundan adapte edilmis olan
matematiksel programlama modeliyle, ¢alismanin ilk
asamasinda cesitli kriterler dikkate alinarak 6grenci-
proje gruplarinin olusturulmasi gerceklestirilmektedir.
Sonraki asamada, grup-proje eslestirmeleri
gerceklestirilmeden 6nce, olusturulan gruplarin proje
tercihleri icin grup fUyelerinin farkli bakis acilarini
yansitan grup kararlari belirlenmektedir. Son olarak,
Ogrenci-proje gruplarinin proje tercihlerine yonelik
olarak olusturulan grup kararlari kullanilarak bir 0-1
tamsayillli  program ile  grup-proje  atamalari
gerceklestirilmektedir. Calismanin literatiire olan
katkisi, onerilen {i¢ asamali yaklasimla, grup
kararlarinin ~ dikkate alinarak OPA  probleminin
coziilmesi seklinde ozetlenebilir. Onerilen yaklasim,
akademik bir kurumdaki gercek bir OPA problemine
uygulanmistir. Elde edilen sonuglar, ilgili literatiirde
bulunan diger atama yaklasimlarinin sonuglar ile
cesitli performans parametreleri acisindan
karsilastirilmistir.

Yukaridaki paragrafta da belirtildigi gibi, ¢alismanin
literatiire olan katkisi, dnerilen li¢ asamali yaklasimla,
grup kararlarinin dikkate alinarak OPA probleminin
¢ozililmesi seklinde ifade edilebilir. Literatiirdeki
calismalar incelendiginde, tercih kriterinin genel olarak
bireysel 6grenci tercihleri seklinde ve g¢ogunlukla
gruplarin olusturulmasi sirasinda dikkate alindigi
goriilmektedir. Bir diger ifadeyle, OPA probleminde
gruplarin olusturulmasi ve projelere atanmasi islemleri
birlikte gerceklestirilirken, 6grencilerin bireysel olarak
proje tercihleri de dikkate alinmakta, sonugta ortaya
¢ikan 6grenci gruplarinin atandiklari projeler i¢in grup
kararlar1 bir anlamda dolayl olarak bu sekilde dikkate
alinmis olmaktadir. Bu sekilde wuygulanan bir
yaklasimin da dogal olarak OPA problemi icin gecerli
oldugu ve tercih kriterini de dikkate almasi nedeniyle
basarili sonuglar elde edildigi goriilmektedir. Bu
calisma kapsaminda ise tercih kriteri dikkate
alinmadan gruplarin olusturulmas1 ve olusturulan
gruplarin proje tercihleri i¢cin grup lyelerinin farkh
bakis acilarini yansitan grup kararlar1 dikkate alinarak
grup-proje eslestirmelerinin gerceklestirilmesi
yaklasiminin degerlendirilmesi amaglanmistir. Bdoyle
bir yaklasimin 6&zellikle grup fyelerinin sira disi
tercihlerin dikkate alinmasi agisindan anlamli
olabilecegi diisiiniilmektedir. Bu amagla, grup karari
olarak gruplarin ortalama tercihlerinin dikkate
alinmasina ek olarak, gruptaki en yiiksek ve en diisiik
diizeydeki tercihleri dikkate alan iyimser ve kotiimser
bakis acilar1 da c¢alisma kapsaminda ele alinmistir.
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Onerilen yaklasim, beklendigi sekilde, tercih kriterinde
ortalamada bir koétiilesmeye yol acarken, tercih
disindaki diger kriterler agisindan daha iyi sonuglar
tiretmektedir. Bununla birlikte, tercih Kkriterini bireysel
ogrenci tercihlerinin ortalamasi seklinde dikkate almak
yerine, bu calismada oOnerildigi sekilde, iyimser,
kotiimser veya buna benzer diger bakis agilariyla ele
alinmasi durumda, farkl degerlendirmeler
yapilabilecegi goriilmektedir.

Gelecek c¢alismalarda, oOnerilen yaklasim cesitli
acilardan gelistirilebilir. Bunlar arasinda, 6zellikle grup
karar1 unsurunun one ¢ikabilecegi kurgulardan birisi
de o6grencilerin sadece proje tercihlerinin dikkate
alinmasina ek olarak, grup liyeleri olarak birbirilerine
olan tercihleri g6z 6niinde bulundurularak gruplarin
olusturulmasi seklinde olabilir. Bu ¢calisma kapsaminda
OPA probleminde danisman atamalari, danismanlar
icin benzer bir grup olusturma verileri halihazirda
mevcut olmadigindan dikkate alimmamistir. Bununla
birlikte, gelecek c¢alismalar kapsaminda, danisman
atamalar1 da problem kapsamina dahil edilebilir.
Calisma kapsaminda dikkate alinan ve calismanin 6ne
¢ikan unsuru olan bireysel tercihlerin dikkate alinarak
grup kararimin olusturulmasi fikri bu ¢alismada 6rnek
bazi bakis agilar1 kullanilarak degerlendirilmis olup,
gelecek calismalarda grup karari olusturma ve buna
yonelik atamalar yapma siireci daha da kapsaml hale
getirilebilir. Calisma kapsaminda birinci ve igiinci
asamalarda sirasiyla grup olusturma ve grup-proje
eslestirmeleri icin kullanilan matematiksel
programlama modelleri daha farkli acgilardan
gelistirilebilecegi  gibi  o6zellikle biiyiilk boyutlu
problemler icin alternatif ¢6ziim yaklasimlari da
dikkate alinabilir.
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Anahtar Kelimeler 0z

Taguchi Metodu, Dikey karistiricili ogiitiictiler, gegitli maden cevherinin ekonomik olarak égiitiilmesinde
Tozalt1 Ark Kaynagi, kullanilirlar. Karistirma vidasi 6giitme haznesinin iistiine dik eksenli ¢alisacak sekilde
Helezonlar, yataklanmasi yapilir. Ogiitiicii karistirma sirasinda olusan zorlanmalara karst mukavim
Tozalti Kaynak Makinesi olmasit ve rijitligini korumasi istenir. Bu nedenle parcalar birlestirilirken Tozalti Ark
Tasarimi Kaynagi (SAW) yontemi segilmigtir.

Bu ¢alismada, Genichi Taguchi tarafindan kurulan yéntem kullanilmistir. Genel olarak
tasarim degiskenlerini optimize etmek icin benimsenmistir. Ctlinkii bu yontem genel test
stiresini ve maliyetleri 6nemli élciide azaltmaktadir. Ozel olarak tasarlanan VTM Tozalti
Ark Kaynak Tezgdhinda, Hardox 400 (400HBW) nominal sertlige sahip asinmaya
dayanikll celik malzemenin kaynak islemleri yapilmistir. Tasarlanan bu tezgdhta
vidalarin kaynak edilmesi ayni anda cift tarafli otomatik olarak birlestirme islemleri
gerceklestirilmistir. Daha sonra kaynak genislikleri élgtilmiistiir. SAW makinesi ile
kaynak yapilmis deney numuneleri Taguchi'nin deney tasarimina gore veriler toplanmis
ve stirecin girdi-¢ikti iliskilerini kurmak icin varyans (ANOVA: Analysis of Variance) ve
regresyon analizi yapilmistir. Elde edilen bu verilerin 1siginda tozalti ark kaynak
isleminin Taguchi yéntemi ile en iyilenmesi uygulamasi icin Minitab programinda
analizleri elde edilmistir. Bu analizlerden elde edilen optimize edilmis degerler deneysel
sonuglarla karsilastirilmigtir. Yapilan analizler sonucu elde edilen verilere gire
eniyilenmesi degerleri A2B2C2D1'de elde edilmistir. Degerler; Kaynak akimi (37,17),
Kaynak hizi (37,20), elektrot cikintisi (37,41) ve Is1 girisi (37,23) olarak tespit edilmigtir.
Sinyal-giiriiltii orani (S/N) grafiginde en ¢ok etkileyen faktirlerin elektrot cikintisi ve isi
girisi en az etkileyen ise kaynak akimi ve kaynak hizi oldugu goriilmiistiir.

THE OPTIMIZATION OF WELDING WIDTH BY TAGUCHI
TECHNIQUE IN SUBMERGED ARC WELDING (SAW) METHOD

Keywords Abstract

Taguchi Method, The vertical mixer grinders used in this study are used for economical grinding of various
Submerged Arc Welding, mineral ores. The mixing screw is placed on the top of the grinding chamber in such a
Spirals, way that it works vertically. It is required that the grinder should be resistant to the
Submerged Arc Welding strains that occur during mixing and maintain its rigidity. For this reason, submerged
Machine Design arc welding (SAW) method was chosen when joining the parts.

In this study, the method established by Genichi Taguchi was used because this method
significantly reduces overall testing time and costs, it is generally adopted to optimize
design variables.

In the specially designed VTM Submerged Arc Welding Machine, welding processes of
wear-resistant steel material with a nominal hardness of Hardox 400 (400HBW) were
performed. In this designed workbench, the welding of the screws and the double-sided
automatic joining processes were carried out at the same time.

Then weld widths were measured. Test samples welded with SAW machine, and data
were collected according to Taguchi's experimental design and variance (ANOVA:
Analysis of Variance) and regression analysis were performed to establish the input-
output relations of the process. In the light of these data obtained, analyzes were made
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in the Minitab program for the application of the submerged arc welding process to be
optimized with the Taguchi method. The optimized values obtained from these analyzes
were compared with the experimental results. According to the data obtained from the
results of the analyzes, optimal values were obtained in A2B2C2D1.Values; Welding
current (37.17), Welding speed (37.20), electrode protrusion (37.41) and Heat input
(37.23) were estabished. In the signal-to-noise ratio (S/N) graph, the most influencing
factors were the electrode protrusion and the heat input, the least affecting being the
welding current and welding speed.
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1. Giris

Kalite, glinlimiiz kiiresel ve ekonomik liberallesmede
rekabet avantaji elde etmek icin 6nemli faktdrlerden
biri haline gelmistir. Kaliteli bir tirtin veya hizmet, bir
kurulusun misteri artisini ve devamliligin1 saglar.
Diistik kalite, memnuniyetsiz miisterilere yol acar, bu
nedenle disiik kalitenin maliyetleri yalnizca anhk
israf veya diizeltme maliyetleri degil, ayn1 zamanda
gelecekteki satislarin da kaybidir (Deshmukh, ve
Sorte, 2013). Tozalti Ark Kaynag (SAW), derin
penetrasyon ve puriizsiiz bir dikis gibi avantajlari
nedeniyle endiistrideki en onemli kaynak
yontemlerinden biridir. Gerekli kaynak parcasi
kalitesini elde etmek i¢in kontrol edilmesi gereken
tozalti ark kaynak isleminde birgok kritik girdi
parametresi yer almaktadir.

Cevrimdis1  kalite  kontrol  yontemleri, irilin
uretilebilirligini ve giivenilirligini artirmak, {riin
gelistirme ve Omiir boyu maliyetlerini azaltmak i¢in
iirin ve siire¢ tasarim asamalarinda gergeklestirilen
kalite ve maliyet kontrol faaliyetleridir. Parametre
tasarimi, gevrim dis1 bir kalite kontrol yontemidir. Uriin
tasarimi asamasinda, parametre tasariminin amaci,
irtintin ~ performansint  c¢evresel  degiskenlerin,
bozulmanin ve iiretim degisikliklerinin etkilerine karsi
daha az duyarli hale getiren {iriin tasarim 6zelliklerinin
ayarlarini belirlemektir. Parametre tasarimi,
degiskenlik kaynaklarinin etkisini kontrol etmek yerine
azaltarak performans degisimini azalttigindan, iriin
Kkalitesini iyilestirmek icin cok uygun bir tekniktir (i¢ ve
Yildirim, 2012).

2. Bilimsel Yazin Taramasi

2.1. Taguchi Yontemi

Taguchi'nin teknikleri miihendislik tasariminda yaygin
olarak kullanilmaktadir (Ross, 1996; Phadke, 1989).
Taguchi tekniklerinin temel giliveni, minimum

varyasyon ile bir kalite karakteristiginin (performans
Ol¢iisii) en iyi seviyelerini lireten parametre (faktor)
ayarlarin1 belirlemeye yoneliktir. Taguchi tasarimlari,
cesitli kosullarda tutarli ve optimum sekilde galisan
stireglerin tasarlanmasi i¢in gii¢lii ve verimli bir ydntem
saglar. En iyi tasarimi belirlemek icin, siireci cesitli
tasarim parametreleri seviyelerine maruz birakan
stratejik olarak tasarlanmis bir deneyin kullanilmasin
gerektirir. Deneysel tasarim yontemleri 20. ylizyilin
baslarinda  gelistirilmis ve o zamandan beri
istatistikciler = tarafindan kapsamli bir gsekilde
arastirilmistir. Ancak uygulayicilar tarafindan kullanimi
pek kolay olmamistir. Taguchi'nin deney tasarimi
yaklasiminin benimsenmesi ve istatistik konusunda
sinirli bilgisi olan kullanicilar i¢in uygulanmasi kolay; bu
nedenle mihendislik ve bilim alaninda genis bir
popiilerlik kazanmistir. Proses optimizasyonu icin
malzeme islemede Taguchi tekniklerinin bir¢ok yeni
uygulamasi olmustur (Yang ve Trang, 1998; Su, Yao,
Wei, Kao ve Wu, 2013; Nian, Yang ve Tarng, 1999; Lin,
2002; Davim, 2003).

Japon Kkalite yonetim danigsmani Dr. Genichi Taguchi,
proses kontrol parametrelerinin optimum ayariyla
deney icin ¢ok daha az varyans saglayan ortogonal dizi
deneylerine dayali bir yontem gelistirmistir. Ortogonal
dizi, bir dizi minimum deney c¢alistirmas1 saglar ve
istenen ¢iktinin logaritmik islevleri olan Taguchi'nin
sinyal-gliriltii oranlari, optimizasyonun nesnel islevleri
olarak hizmet eder. Bu teknik, veri analizinde ve
optimum sonuglarin tahmininde yardimci olmaktadir.
Optimum parametre ayarlarini degerlendirmek icin
Taguchi yontemi, sinyal-giriiltii orani adi verilen
istatistiksel bir performans 6l¢iisii kullanir. Sinyal-
giiriltii orani, ortalamanin (sinyal) standart sapmaya
(giirtlti) oramidir. Genel olarak kullanilan standart S/N
orami su sekildedir; Nominal-en-En lyidir (NB), Daha
Diistiktiir (LB) ve Daha Yiiksektir (HB). Optimum ayar,
en yiksek S/N oranina sahip olan parametre
kombinasyonudur (Kumar ve Gupta, 2017).
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Taguchi Metodu, ortogonal dizileri kullanarak kontrol
edilemeyen faktorlerin etkilerini minimize etmeye
calisan bir deneysel tasarim teknigidir (Caniyilmaz,
2001). Uriini  tretmek icin en iyi girdi
kombinasyonunu belirlenen standartlastirilmis bir
yaklasimdir. Taguchi yodntemi, tim parametre
uzayini yalnizca az sayida deneyle incelemek icin 6zel
bir ortogonal dizi tasarimi kullanir (Lin, Chou ve
Chou, 2007; Hsiao, Tarng ve Huang, 2008). Bu
yontemin en biyik avantaji,  deneylerin
yuritiilmesinde harcanan ¢abadan tasarruf saglamasidir;
deneysel zamandan tasarruf etme, maliyeti diisiirme ve
onemli faktorleri hizhi bir sekilde kesfetmektir. Taguchi
yontemi:

1. Kontrol edilebilir {irtin tasarim faktorleri ile bir
stirecin sonuglar1 arasindaki islevsel iliskiyi belirlemek
icin bir temelj,

2. Kontrol edilebilir degiskenleri optimize ederek bir
stirecin ortalamasini ayarlamak icin bir yontemi,

3. Rastgele giiriiltii ile tlriin degiskenligi arasindaki
iliskiyi incelemek icin bir prosedtirii saglar (Deshmukh et.
al,, 2013; Pan, 2004).

Proses parametrelerinin sayisi arttiginda ¢ok sayida
deneysel calisma yapilmasi gerekmektedir. Bu sorunu
¢6zmek icin yontemin en biiyiik avantaji, deneylerin
yuriitiillmesinde harcanan cabadan tasarruf saglamasidir
(Datta ve Mahapatra, 2010; Datta, Bandyopadhyay ve
Kumar, 2007). Taguchi yontemi adimiu:

Adim1:Onemlisiirecdegiskenlerinin

tanimlanmasi,

Adim 2: Stireg¢ planinin gelistirilmesi,

Adim 3: Plana gore deneylerin yapilmasi,

Adim 4: Yanitlar1 kaydetme,

Adim 5: Kaynakli isin test edilmesi,

Adim 6: Parametrelerin optimize edilmis degerlerinin
bulunmasi,

Adim 7: Proses parametrelerinin ana ve Onemli
etkilerinin sunulmasidir (Aytekin, 2011; Atar, 2021; Lin ve
Chou, 2006; Lochner, 1990).

Demir, (2019) tarafindan, “Projeksiyon kaynagi ile dual
faz celige civata kaynatilmasi ve Taguchi yontemi ile
parametre optimizasyonu” isimli yapilan g¢alismada,
oncelikle farkli parametreler herhangi sistematik kural
olmadan denemeler yapilmis ve basma test sonuglari
incelenmistir. 3 farkli makine i¢in yapilan testlerde
optimuma yakin parametre araliklar1 ¢ikarilmistir. Bu
stirecte ¢ok fazla sayida deneme pargasi harcanmis,
fazla zaman kaybi yasanmistir. Daha sonra sistematik
yaklasim sergilemek icin Taguchi metodu kullanilmis ve
on analizlerde kullanilan parametreler limit degerler
olarak belirlenmistir. Taguchi metodu sayesinde ¢ok
diisiik deneme adedi ile optimum parametre tespiti
yapilmistir. Bu sayede deneme pargalarinin israfi da
onlenmistir. Taguchi metodunun sagladig1 avantajlar
degerlendirildiginde fabrika proses iyilestirmelerinin
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her alaninda uygulanabilecegi gorilmistiir (Demir,
2019).

Kumanan ve Dhas (2011a), siirecin girdi-¢ikti iliskilerini
kurmak icin Taguchi'nin deney tasarimini ve regresyon
analizini kullanmiglar. Bu iliskiyle, optimal kaynak
parametrelerini belirlemek icin genetik algoritma (GA)
ve parcacik siiriisii optimizasyonu (PSO) algoritmasina
dayali optimizasyon prosediirleri kullanilarak kaynak
dikisi genisligi en aza indirilmeye ¢alisilmistir. Sonug
olarak kaynak dikisi geometrisinin iyi bir gdstergesi
olarak tespit edilmistir (Kumanan ve Dhas, 2011a).

Tarng ve arkadaslar1 tozalti ark kaynaginda proses
parametrelerini belirlemek icin Taguchi yontemini
kullanmislardir. Bu yéntemin amaci, ¢ok ¢esitli kaynak
kalitelerini de icerecek sekilde yeni bir ¢6zlime ulasmak
olmustur (Tarng, Juang ve Chang, 2002).

Akkas yaptigi c¢alismada, dikis kalinliginin veya
niifuziyet alaninin arzu edilen bir degeri i¢cin kaynak
parametrelerinin  alacagi  deger teorik olarak
belirlenmistir. Teorik olarak elde edilen sonugclarla
deneysel  sonuclar  karsilastirilldiginda,  kaynak
parametrelerinin dikis kalinlig icin %98 ve niifuziyet
alan1 icin %99 dogrulukla tahmin edilebildigi
gorilmiistiir. Bu ¢alisma tozalti kaynagi icin zeki kontrol
sistemleri  gelistirmeye  yardimci  olabilmistir.
Gelistirilen sistem kullanilarak arzu edilen dikis kalinlig1
ve niifuziyet alan icin kaynak parametreleri otomatik
olarak segilebilir. Bu durum, o6zellikle farkli kaynak
kalinliklarinin s6z konusu oldugu karmasik yapilarin tek
operasyonla otomatik olarak kaynatilmasi hallerinde
biyik o6nem tasimaktadir. Operasyon oOnceden
hazirlanmis bir programla uygun bir niimerik kontrol
sistemiyle denetlenebilmektedir. Béylece daha verimli
ve kaliteli bir islem ger¢eklesmis olmaktadir (Akkas,
2006).

Ghosh ve digerleri (2011), SAW prosesi tarafindan
tiretilen kaynakta ve 1sidan etkilenen bolge (HAZ) ile
ilgili belirsizliklerin sorununu ele almislardir. En ilgi
¢ekici konu, kaynakl kalitede bazi belirsizlikler veren
HAZ bolgesi ile ilgili oldugu gorilmiistir. Kaynak
bolgesinin 1sitma ve sogutma dongiisiinlin neden oldugu
en zayif bolgelerde yorulma arizasi olasiligini artirdigini
tespit etmislerdir. Dijital goriinti isleme teknikleri
araciligiyla tane yapisinin analizi yoluyla yapisal celik
plakalarin tozalti kaynaginin 1sidan etkilenen bolgesi
degerlendirilmistir. Tanelerin agirlikli olarak daha
kigiik cesitlilikte oldugu ve daha biiylik tanelerin
sayimlarinin neredeyse ihmal edilebilir oldugu
sonucuna varilmistir. Goriintiide daha biiyiik boyutlu
tanelerin olmamasi, yapisal c¢elik levhalarin rakip
kaynak metodolojilerine kiyasla kaynagin saglamligim
tespit etmislerdir (Ghosh, Chattopadhyaya, ve Singh
2011).
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Abdulbaset, Sonosi ve Abohusina (2022), kaynak dikisi
geometri parametrelerinin kalitesi ilizerindeki toz alti
ark kaynagi (SAW) islem degiskenlerini arastirmis ve
optimum islem degiskenlerini (akim (I), gerilim (V) ve
hiz (S)) olarak tanimlamislar. ANOVA analiz sonuglari,
kaynak akiminin 6zellikle genislik ve penetrasyon
acisindan kullanilan ¢ islem degiskenden Onemli
Olgtide katkida bulundugunu ve bunu kaynak hizinin
izledigini gostermistir  (Abdulbaset, Sonosi ve
Abohusina, 2022).

Ghosh ve digerleri (2011) tozalt1 ark kaynagi verim
parametrelerini tahmin etmek i¢in grafik teknigi
kullanmis ve ana faktorlerin etkisini yani akimin, tel
besleme hizinin, hareket hizinin ve ana faktorler
arasindaki etkilesimlerin kaynak dikisi parametreleri
lizerindeki etkisini incelemislerdir. Etkilesimler, siirecin
onemli verim parametrelerine etki ettikleri goérilmiistiir
(Chattopadhyaya, Ghosh, Das ve Sarkar, 2011).

2.2. Tozalt1 Ark Kaynak Yontemi (SWA)

Tozalti kaynak islemi, yiiksek giivenilirlik, tam veya yari
otomatik uygulanabilirligi, derin niifuziyeti ve diizgiin
bir kaynak dikisi elde edilebilirligi sebebi ile endiistride
genis uygulama alanina sahiptir (Karabulut, 2016).
Kaynak degiskenlerinin bir kaynak baglantisinin
kalitesini belirlemede 6nemli bir etkisi vardir. Bu
nedenle optimum mekanik o6zelliklere sahip ytiksek
kaliteli kaynak oOzellikleri elde etmek igin bu
degiskenlerin stabilitesini incelemek esastir (Karaoglu
ve Secgin, 2008). Bu degiskenler arasinda akim, voltaj,
hiz, memeden plakaya mesafe, tel besleme hizi, akim tipi
ve plaka kalinligi bulunmaktadir (Jain, 2018;
Choudhary, Kumar ve Unune, 2019; Vedrtnam, Singh ve
Kumar, 2018; Abohusina, 2018).

Reddy (2013), tozalt1 ark kaynaginda kaynak kalitesi,
kaynak akimi, kaynak hizi, ark voltaji ve elektrot
cikintist gibi kaynak parametrelerinden biiytiik dlciide
etkilenir. Proses degiskenleri arasindaki iliskiyi
kurmak icin deney tasarimi yapilmis ve en uygun
¢6zimii  bulmak icin optimizasyon araglan
kullanilmistir. Kullanilan modiiler ag modelinde dogru
veriler elde edilmistir. Elde edilen analizler, kaynak
genisliginin kaynak akimina, kaynak takviyesinin ve
kaynak sertliginin elektrot cikintisina ve penetrasyon
derinliginin kaynak hizina bagl oldugunu goéstermistir
(Reddy, 2013).

Kumanan, Dhas ve Gowthaman (2007) tarafinda
yapilan ¢alismada, kaynak deneylerinin ekonomik
olarak arastirilmasi icin deney tasariminda Taguchi
yontemi ile optimize edilmistir. ANOVA'dan elde
edilen sonuglar, kaynak akimi ve ark voltajinin, dikis
genisligini  etkileyen = o6nemli kaynak islemi
parametreleri oldugunu gostermistir. Matematiksel
model, dikis genisligi, dikis takviyesi, penetrasyon
derinligi ve dikis sertligi icin SPSS Paketi ile
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olusturulmustur. Ongériilen modelin ¢ikti sonugclari
ilgili girdi verileri icin hesaplanmistir. Deneysel
degerler ile tahmin edilen ¢oklu regresyon analizi
modeli arasindaki dikis genisligi, kaynak takviyesi,
penetrasyon derinligi ve kaynak dikisi sertligi
karsilastirmalar1 arasinda iligski oldugu goriilmustiir
(Kumanan, Dhas ve Gowthaman, 2007).

Toz alt1 ark kaynagi, ¢cogu imalat endiistrisinde yaygin
olarak  kullanilan kaynak islemidir. Siirekli
beslenmeyen bir sarf malzemesi kat1 veya boru seklinde
elektrot gerektirir. Erimis kaynak ve ark bélgesi, kirec,
silika, manganez oksit, kalsiyum florir ve diger
bilesiklerden olusan bir graniiler eriyebilir, akis ortiisii
altina daldirilarak atmosferik kirlenmeden korunur.
Eritildiginde, aki iletken hale gelir ve elektrot ile is
arasinda bir akim yolu saglar. Bu kalin aki tabakasi
erimis metali tamamen kaplar, boylece sigrama ve
kivileimlarin yani sira, Sekil 1'de gosterildigi gibi
korumali metal ark kaynagi (SMAW) isleminin bir
parcasi olan yogun ultraviyole radyasyonu ve
dumanlar1 bastirir. Otomatik veya mekanize mod,
bununla birlikte, basingli veya yercekimi aki beslemeli
yar1 otomatik (el tipi) SAW tabancalar1 mevcuttur. Bu
calismada yercekimi aki beslemeli yar1 otomatik
SAW makinesi kullanilmigtir.

Karistirici vidalarin imalatinda kullanilan
parametrelerden biri de yapraklarin mile kaynak
yapilmasinda kullanilan tozalti ark kaynak yodntemi
Sekil 1 ve Sekil 2’de gosterilmistir. Toz alti kaynak
yonteminde kaynak parametreleri (kaynak akimi, ark
voltaji, tel ilerleme hizi, kaynak hizi, elektrot ¢ikintisi,
vb.) iyi secildigi takdirde hatasiz ve ¢ok gilizel goriinimli
dikisler elde edilir. Normal ortiilii elektrotla yapilan
kaynaga gore bu yontemde kullanilan ayni ¢apli elektrot
daha yiliksek kaynak akimi ile yiiklendiginden, daha
biiyiik kaynak banyosu ve daha derin niifuziyet elde
edilir. Yontem, yar1 otomatik ve tam otomatik kaynak
uygulamalarina da miisait oldugu i¢in, modern kaynak
uygulamasi olarak sanayilesmis iilkelerde yaygin
kullanim sahas1 bulmustur (Akay, 2021; Kim, Young,
Hwang, Kim ve Kim, 2001; Kalug, 2004).

561



ESOGU Miih. Mim. Fak. Dergisi 2023, 31(1), 558-571

Tel

) H./ Elektrod Granil
Grandl Akim Besleyici

Vakum Emis Baglantisi

* Ark Isini ‘

Clruf
\ A

Dikisi

KAYNAK YONU KAYNAK YONO

Kaynak Havuzu

Sekil 2. Tozalt1 ark kaynak grafigi

2.2.1. Tozalt1 Ark Kaynak Yonteminin Avantajlari

Tozalti ark kaynak yontemi, cok yiiksek birikme oranina
sahip yliksek kaliteli bir kaynak islemidir. Genellikle diiz
pozisyonda kalin malzemeleri birlestirmek i¢in
kullanilir. Tamamen mekanize veya otomatik islenmis
olarak calistirilir. Ancak yar1 otomatik olarak da
kullanilabilir. Kaynak islemi sirasinda operator kaynak
havuzunu gozlemleyemez ve kaynak islemine dogrudan
miidahale edemez. Kaynak prosesinde otomasyon
arttikca operatoriin direkt etkisi azalmakta ve
parametrelerin hassas olarak ayarlanmasi manuel
kaynak proseslerinden ¢ok daha o©nemli hale
gelmektedir. Otomatik kaynak proseslerinde yiiksek
kalitede kaynak elde edebilmek igin optimum
parametrelerin se¢imi miithendislik gerceklerine gore
yapilmalidir (Cetinkaya, 2022; Anik, 1998; Kiilahli,
1988).

Tozaltt ark kaynagi islemi, istenen kaynak dikisi
parametrelerine ve minimum bozulma ile miitkemmel
mekanik 6zelliklere sahip bir kaynakli baglant1 elde
eder. Kaynak degiskenlerinin, bir kaynak baglantisinin
kalitesini belirlemede oOnemli bir etkisi vardir; bu
nedenle, optimum mekanik o6zelliklere sahip yiiksek
kaliteli kaynak ozelliklerine ulasmak i¢in bu
degiskenlerin stabilitesini incelemek o6nemlidir. Bu
degiskenler arasinda akim, voltaj, hiz, memeden plakaya
mesafe, tel besleme hizi, akim tiirti ve plaka kalinlig1 yer
alir (Abdulbaset ve dig., 2022).

Bu calismada Sekil 3'te gosterilen VTM Kkaristirma
vidalar1 kullanmilmistir. Dikey karistiricili ogitiiciiler
maden  cevherlerinin  6gitiilmesinde  ekonomik
¢oziimler sunmaktadir. Bununla birlikte islemesi zor
kalin vida yapragi ve dolu millerden iiretilmeleri
gerekmektedir.

Kaynak kullanimiyla beraber mil ile alasimli dékiim vida
yapraklarinin  birlestirilmesinde  daha  yiiksek
mukavemet ve rijitlik elde edilir. Dikey eksenli rulmanli
yataklama kullanilarak verimli ¢alisma saglanir.
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Sekil 3. Karistirici vida

Asinmaya dayanikli alasimlar ve paslanmaz gelikler gibi
malzemeler yillar icinde gelistikce, karistirma
vidalarinin kullanimi da endiistrinin bir¢ok alaninda
kullanimi  artmustir. Uretim  teknolojisindeki  son
gelismeler, kaliteyi artiran ve maliyetleri azaltan belirli
liretim silireglerinin otomasyonunu igerir. Vida tiretim
slirecinde otomatik veya robotik kaynak kullanimi buna
iyi bir 6rnektir.

Karistiricl vida yapimi igin lretilen dokim yapraklar
kanatlar uniform kalinliga sahiptir. Vida yeterli sayida
profil kanadin dékiim vida yapraginin merkez mil
lizerine kaynatilmasi ile olusturulur (Cema, 2003;
Forcade, 1999; Nogay, 2007; Alisverisci, 1985; Seshagiri
ve Moorthi, 2015).

3. Yontem
3.1. Calismada Kullanilan Yontem ve Malzemeler

Bu c¢alismada, bilimsel arastirma ve yayin etigine
uyulmustur.

Hardox 400, (400HBW) nominal sertlige sahip
asinmaya dayanikl bir celik malzeme
kullanilmistir. Esas olarak, asinmaya maruz kalan
yapilar, kazi, madencilik ve hafriyat makineleri, kamyon
damperli govdeler, tasima, kirma ve toz haline getirme
ekipmanlari, hurda presleri ve kaldinnm  kaliplan
alanlarinda kullanilmaktadir. isleme ve uygulama
teknikleri bu ¢elikten imal edilen iiriinlerin basarili bir
sekilde kullanilmasi icin temel 6neme sahiptir. Yiiksek
toklugu, iyi biikilebilirligi ve kaynaklanabilirligi
sayesinde bu c¢elik asinmaya sahip yapilarda
kullanilmaktadir.

Deney numuneleri Ankara’da bulunan Birikim
Mihendislik  Tasarim  Merkezi'nde  yapilmistir.
Firmanin 6zel olarak tasarlamis oldugu VTM Tozalt1 Ark
Kaynak Tezgahinda kaynak islemleri yapilmis ve sonra
deney numuneleri hazirlanmistir. Tasarlanan bu
tezgahta, otomatik olarak vidalarin ayni anda cift tarafl
kaynak edilmesi gerceklestirilmektedir. Yapilan
deneysel c¢alismalarin sonuglart bu sekilde elde
edilmistir. Daha sonra elde edilen bu verilerin 15181inda
tozalti ark kaynak isleminin Taguchi yontemi ile
eniyilenmesi uygulamas1 i¢in Minitab programinda
analizler elde edilmistir.
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Tablo 1.de, tozalti ark kaynak toz bilesenlerinin
gorevleri birbirinden farkli olup, tiim bilesenler farkl
bir ihtiyaca gore karisima katilmaktadir. Silisyum
dioksit (SiO2); asidik 6zellige sahip olup, viskozite ve
ergime sicakliginin ayarlanmasina yardimci olmaktadir.
Aliiminyum oksit (Alz03); dogal bilesen olup, cliruf
olusumunu  saglayarak, kaynak  yapilabilirligi
kolaylastirmaktadir. Ayrica; viskozite ve ergime
sicakliginin ayarlanmasina yardimci olmakta ve ytiksek
akimlarda arkin kararhiligimi saglamaktadir. Titanyum
dioksit (TiOz); asidik ozellige sahip olup, -ciiruf
olusumunu baslatict  bilesiktir. Cirufun kolayca
kalkmasina yardimci olmaktadir. Kalsiyum oksit (Ca0);
bazik  ozellifge  sahip ciirufun  viskozitesinin
ayarlanmasina yardimc1 olup kaynak metalinde oksijen
miktarim azaltmaktadir. Kalsiyum floriir (CaF2); bazik
ozellige sahip, clirufun akiskanligini iyilestirmekte, flor
gazinin olusumunu saglayarak ve kismi buhar basincini
diistirerek kaynak metalindeki hidrojen miktarini
azaltmaktadir. Mangan oksit (MnO); bazik 6zellige sahip
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olup kaynak metalinin seklini gelistirerek ciirufun
ergime sicakligl ve viskozitesinin ayarlanmasinda
etkilidir. Magnezyum oksit (MgO); bazik 6zellige sahip,
ergimis clirufun bazikligini arttirmakta ve hidrojenin
kaynak metalinden ciirufa dogru ilerlemesini
saglamaktadir. Sodyum oksit (Naz0) bu bilesik arkin
kararli olarak devam etmesinde oOnemli rol
oynamaktadir (Davis, 1993).

Calismada kullanilan malzemeler Tablo 1.’de tozalt1 ark
kaynak makinesinde kullanilan kaynak tozlarimin
kimyasal analizleri, Tablo 2.de tozalti ark kaynak
makinesinde  kullanilan  elektrotlarin  kimyasal
analizleri, Tablo 3.te tozalt1 ark kaynak makinesinde
kullanilan milin kimyasal analizleri, Tablo 4.'te tozalt
ark kaynak makinesinde kullanilan yapraklarin
kimyasal analizleri, Tablo 5.te gazalti ve tozalti ark
kaynak makinesi kaynak parametreleri ve Tablo 6.da
kaynak dikislerinin 6l¢iilmesinde c¢ikan sonuglar
verilmistir.

Tablo 1 .Tozalt1 Ark Kaynak Makinesinde Kullanilan Kaynak Tozlarinin Kimyasal Analizleri

Malzeme Kimyasal Bilesim %
Si0z MnO MgO CaFz Na20 AlO3 CaO TiOz Metal alasimi
FX860-25 19 11 17 12 2 32 2 2 3 max.
Tablo 2. Tozalt1 Ark Kaynak Makinesinde Kullanilan Elektrotlarin Kimyasal Analizleri
Kullanilan elektrot Kimyasal Bilesim
C Mn Si P S Cr Ni Mo Cu
AS S2 0,095 0900 0,080 0,011 0,012 0,037 0,025 0,017 0,190

Tablo 3. Tozalt1 Ark Kaynak Makinesinde Kullanilan Milin Kimyasal Analizleri

Malzeme Kimyasal Bilesim
C Mn Si P S Cr Ni Mo Cu Al H(ppm)
ASTM A36 0,210 1,270 0,250 0,011 0,002 0,100 0,050 0,020 0,110 0,048 1,000
Tablo 4. Tozalt1 Ark Kaynak Makinesinde Kullanilan Yapraklarin Kimyasal Analizleri
Malzeme Kimyasal Bilesim
C Mn Si P S Cr Ni Mo
ASTM A216 Grade WBC 0,189 1,001 0475 0,015 0,013 0,116 0,001 0,002
Tablo 5. Gazalt1 ve Tozalt1 Ark Kaynak Makinesi Kaynak Parametreleri
Paso Akim Voltaj (V) Kaynak Hiz1 Tel Akim tipi Kaynak Is1 girdisi
Sayis1 Yontem (A) (mm/dk) capl tozu/Gaz1 (KJ/mm)
(mm)
1-2 135 258-260 28-29 10,21/124-135 1,2 DC(+) M24 2,57-2,52
3-37 121 520-570  27,5-27,6 200-380 4,0 DC(+) FX860-25 2,26-2,48
38-68 121 520-578 27,6 200-240 4,0 DC(+) FX860-25 3,59-4,79

Tablo 6.da VTM tozalti helezon kaynak makinesi
tezgahinda kaynak islemleri yapilmis ve sonra deney
numuneleri hazirlanmistir. Tasarlanan bu tezgahta

vidalarin kaynak deney numuneleri Ankara’da bulunan
Birikim Miihendislik Tasarim Merkezi'nde yapilmistir.
Tezgahta, vidalarin kaynak edilmesi ayni anda ¢ift tarafh
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otomatik olarak birlestirme islemleri
gerceklestirilmistir. Yapilan deneysel c¢alismalarin
sonuglari bu verilerden elde edilmistir. Daha sonra elde

Tablo 6. Kaynak Dikislerinin Olgiilmesinde Cikan Sonuglar
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edilen bu verilerin 1518inda tozalt1 kaynak isleminin
Taguchi yontemi ile en iyilenmesi uygulamasi igin
Minitab programinda analizleri yapilmistir.

Kaynak Olciileri

t1=100 mm

12=360 mm

Kaynak élciileri (mm), (Numune kalinligi: t1=100/t2=360 mm)

t1 t2 P1 P2

al a2

100 360 68 76

18 26

3.2. Taguchi Deney Tasarimi
3.2.1. Ortogonal Dizi ve Parametrelerin Secilmesi

SAW kaynaginda kaynak dayanimini direkt olarak
etkileyen kaynak parametreleri;

1. Kaynak ilerleme hizi,
2. Kaynak akimi,

3. Gaz akis hizi,

4. Elektrot ¢ap1

5. Elektrot ¢ikintisi,

6. Is1 girisidir.

Yontem olarak kaynak genisligi icin Taguchi, ANOVA ve
Regresyon analizi sirasi ile kullanilmistir. Taguchi,
tercih edilen kalite karakteristigi olarak sinyal-giiriltii
(S/N) oranini kullanmilmistir. S/N orani, standart sapma
yerine olctilebilir bir deger olarak kullanilir. ANOVA
analizi, deneysel parametrelerin hangisinin en ¢ok etkili
oldugu ve modellemenin giivenligi icin secilmistir.
Regresyon analizi ise kaynak akimyi, kaynak hizi, elektrot
cikintis1 ve 1s1 girisi ile kaynak dikis niifuziyetinin
bagimlh degiskenleri arasindaki iliskiyi belirlemek icin
¢oklu regresyon analizi kullanilmistir.

En basit hali ile S/N orani, ortalamanin (sinyal) standart
sapmaya (giirtltii) oranidir. S/N orani; En biiyiik deger
en iyi durumu igin sinyal/giliriiltii oranim ifade eder
(Esme, 2006).

Bu ¢alismada, kaynak niifuziyeti kalite karakteristigi
icin “en biiylik en iyi” (1, 2) denklem kriterleri
kullanilmistir.

g 12": 1
N’ 8% ,1y-2
2

13

(1)
Nominal en iyi oldugu durumda: kullanildig1 igin

asagidaki denklem uygulanmistir.

S y
—:10log (—)
N 5%, @)

Bu durumda, ikili toleransi olan bir karakteristik
oldugunda nominal deger hedeftir. Yani biitlin pargalar
bu degere getirilirse, varyasyon sifir olur ve en iyisidir.
Hedef deger en iyi durumu igin sinyal/giiriiltii oranini
ifade eder. Kalite karakteristigi  kategorisine
bakilmaksizin, daha yiiksek bir S/N orani daha iyi kalite
ozelliklerine karsiik gelir. Bu nedenle proses
parametrelerinin optimal seviyesi en yiliksek S/N
oranina sahip seviyedir (Montgomery, 1991; Gunaraj ve
Murugan, 2000; Datta et. al,, 2010).

Sinyal ve girilti (S/N) orani eniyilenmesi formili (3)
olarak tasarim yapilmistir.

S 1 1
v 10xLog10(, %(5)) (3)

Calismada yapilan analizdeki etkili faktorler Tablo 7.'de
tanimlanmistir. Her faktor icin 2 seviye belirlenmistir.
Bilinen faktorlerin en iyi kombinasyonunu ve
seviyelerini belirlemek i¢in Taguchi yontemi kullanilmis
Minitab programi yardimiyla tasarlanmis ve analiz
edilmistir

Performans karakteristigini etkileyecek faktor ve
bunlarin seviyeleri Tablo 7.’de verilmistir.
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Tablo 7. Performans Karakteristikleri ve Faktor Seviyeleri

Malzeme Kalinlik Sembol Kaynak 1.seviye 2.seviye
Parametreleri
A Kaynak akimi (amp) 520 578
Hardox 400 16 B Kaynak hizi 200 240
ardox C Elektrot ¢ikintisi 30 33
D Is1 Girisi (KJ/mm) 3,59 4,79
Calismada Ls ortogonal dizisi kullanilmistir. Kullanilan olarak belirtilmistir. Tablo 9.'da analizdeki etkili
dizinin serbestlik derecesi ise (VLs=8-1=7>9) 7’dir. faktorler tanimlanmistir.
Ortoganal dizi Ls (277): 1 2 4 7 kullanilmistir (Taguchi,
1989). Tablo 8. Deney Tasarimi

Tablo 8.’de 8 testin tiimii gerceklestirildikten sonra Taguchi Array L8(274)
sonugclar kaynak genisligi olarak ol¢tilmustiir. Her faktor Faktor 4
icin 2 seviye bulunmaktadir. Bilinen faktorlerin en iyi Runs 8
kombinasyonunu ve seviyelerini belirlemek icin
Taguchi yontemi kullanilmistir. Minitab programi
yardimiyla tasarlanmis, analiz edilmis ve sonu¢ L8

Tablo 9.da tozalti kaynak yontemi ile yapilan deney
numunelerinin niifuziyet 6l¢iim degerleri sonuglari
verilmistir.

Tablo 9. Geleneksel Yontemlerle Olciilen Deney Girdileri ve Sonugclari

Deney No A B C D
Kaynak akimi  Kaynak hiz1i Elekrod Is1girisi  Kaynak genisligi
(Amp) (mm/dak) Cikintisi (mm) (KJ/mm) (mm)
1 520 200 30 3.59 70
2 520 200 33 4.79 72
3 520 240 30 4.79 68
4 520 240 33 3.59 76
5 578 200 30 4.79 69
6 578 200 33 3.59 74
7 578 240 30 3.59 71
8 578 240 33 4.79 75
4. Bulgular daha iyi diye disiiniilir. Bunun i¢in her faktérde en

biiylik olan S/N orani hangi faktorde hangi seviye en iyi
sonucu verdigini gosterir (Esme, 2006). Bu sonuglar
Taguchi yontemi ile analiz yapildiktan sonra Tablo 10. incelendiginde eniyilenmesi degerleri A2B2C2D1’de
ve Tablo 11.’de ki sonuclar elde edilmistir. Tablo 10. ve elde edilmistir.

Tablo 11.’de gosterilen degerler, analizde biiytik deger

4.1. Kaynak Genisligi icin Taguchi Analizi

Tablo 10. S/N Orani i¢in Yanit Tablosu

Kaynak Kaynak Elektrot Is1
Seviye akimi(amp) hizi (mm/dak) ¢ikintisi (mm) girisi (kj/mm)
1 37,08 37,05 36,84 37,23
2 37,17 37,20 37,41 37,02
Delta 0,09 0,15 0,57 0,21
Sira 4 3 1 2
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Tablo 11. Ortalama i¢in Yanit Tablosu
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Kaynak Kaynak Elektrot Is1

Seviye akimi(amp) hizi (mm/dak) c¢ikintisi (mm) girisi (kj/mm)

1 71,50 71,25 69,50 72,75

2 72,25 72,50 74,25 71,00

Delta 0,75 1,25 4,75 1,75

Sira 4 3 1 2
Sekil 4 ve Sekil 5'teki grafikler, yani ana etkiler grafikleri Main Effects Plot for Means
incelendigi zaman, secilen kaynak parametrelerinden Kaynak akimi (amp) [Kaynak hizi (mm/dak] [Elektrat gilantis, (mm)| 151 Girigi (KJ/mm)
'elektrot c¢ikintisi’'nin SN orami lstliinde ve ortalama e c()
kaynak dikis genisligi lizerinde en biiylik etkiye sahip I
oldugu goriilmektedir. - 1 TN

g N B I'/ . \‘l I‘\_. /‘I

Taguchi yonteminde sonuglar: analiz etmek i¢in, sinyal é . A iy, NS T
girtlti oram1 (S/N) adi verilen istatistiksel bir s i
performans 6l¢iisii kullanir. S/N orani, ortalamay1 ve g . . \

degiskenligi hesaba katar ve optimize edilecek Kkalite
karakteristiginin kriterlerine baghdir (Konishi ve
Taguchi, 1987). Sinyal/Giirtlti oraninin
hesaplanmasinda  deneyler  sonucu ulasilmasi
hedeflenen kalite degerinin 6zelligi de 6nemlidir.

p-degeri (6rnegin, a=0,05), belirli bir esik degerinin
altinda ise, ANOVA hipotezini reddetmek ve grup
ortalamalari arasinda istatistiksel olarak 6nemli bir fark
oldugu sonucuna varabiliriz. Tablo 14’te de p= 0,008
elektrot cikintisi olarak bulunmustur. Sekil 4 ve Sekil
5teki grafikler incelendigi zaman secilen kaynak

parametrelerinin kaynak dikis genisligi iizerinde
kuvvetli etkisi oldugu goriilmektedir.
Main Effects Plot for SN ratios
Data Means
gk aboers (aemp] Kaymas P frmidai] Ebekir of plontda deem ] (3a Garigl (REFmmb
*a »
g D
3 A B(. 3
- L
i
L1 -
= e
-
L
e
ES ] k] T el " 13 1% A

Sekil 4. Sinyal-Giirilti (S/N) orani grafigi

69
520 578 200 240 30 33 3.59 a79

Sekil 5. Ortalama deger grafigi

Sekil 6 ve Sekil 7’de bir artik analizi yapilirken, en sik
olusturulan ¢izim bir "artiklar ve uyanlar grafigi"dir. Bu,
y ekseninde artiklarin ve x ekseninde uydurulmus
degerlerin (tahmini tepkiler) bir dagilim grafigidir.
Grafik, dogrusal olmayan, esit olmayan hata varyanslari
ve aykir1 degerleri tespit etmek i¢in kullanilir. Artiklarin
rastgele dagildigi ve sabit varyansa sahip oldugu
varsayimint dogrulamak i¢in artiklara karsilik uygun
grafigi kullamlir. Ideal olarak, noktalar 0'mm her iki
tarafina rastgele diismelidir ve noktalarda taninabilir
desenler olmamalidir.

Versus Fits
(response is Kaynak genisligiimm))

L] L] L] L]
0.50

025
0.00

-0.25

Residual

-0.50
-0.75

-1.00
68 69 70 7 72 n 74 75 76
Fitted Value

Sekil 6. Kaynak genisligi icin uygunluklar
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Versus Order
(response is Kaynak genisligiimm))

Residual

075
-1.00
Observation Order

Sekil 7. Kaynak genisligi icin giiven ve tahmini araliklar

4.2. Kaynak Genisligi icin Genel Dogrusal Model
(ANOVA):

ANOVA analizi deneysel parametrelerin hangisinin en
¢ok etkili oldugunu ve modellemenin giivenligini
gosterir. Bunun icin Tablo 12’de yontem ve Tablo 13’te
faktor bilgileri verilmistir.

Tablo 14. Varyans Analizi
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Tablo 12. Yontem

Faktor kodlamasi:  (-1; 0; +1)

Tablo 13. Faktor Bilgileri

Faktor Tip  Seviyeler Degerler
Kaynak akimi(amp) Fixed 2 520; 578
Kaynak Fixed 2 200; 240
hizi(mm/dak)

Elektrot Fixed 2 30; 33
¢ikintisi(mm)

Is1 girisi(kj/mm) Fixed 2 3,59;4,79

Tablo 14'te ise varyans analiz degerleri gortilmektedir.

Kaynak DF SeqSS Contribution AdjSS AdjMS F-Value P-Value
Kaynak akimi(amp) 1 1,125 1,91% 1,125 1,125 1,00 0,391
Kaynak hizifmm/dak) 1 3,125 5,31% 3,125 3,125 2,78 0,194
Elektrot cikintisiilmm) 1 45,125 76,65% 45,125 45,125 40,11 0,008
Is1 girisi(kj/mm) 1 6,125 10,40% 6,125 6,125 5,44 0,102
Error 3 3,375 573% 3,375 1,125

Total 7 58875 100,00%

DF(DOF): Serbestlik derecesi.

Seq Ss: Sequental sum of squares: Modelin farkh
bilesenleri i¢cin varyasyon 6lciisii.

Contribution: Her faktériin katki  yiizdesini
gostermektedir. Bu analizde C (Elektrot ¢ikintisi), D (Is1
girisi), B (Kaynak hiz1) ve A (Kaynak akimi) yani en ¢ok
katkisi olan faktor elektrot ¢ikintisi ve en az katkisi olan
kaynak akimi oldugu goriilmektedir.

F-Value: F degeri hesaplanmasi: Numune ortalamalari
arasindaki varyasyon/numuneler icindeki varyasyon;
40.11=45.125/1.125 deger ¢ikmistir.

F degeri ne kadar yiiksek olursa, numuneler icindeki
varyasyona gore numune ortalamalar arasindaki
varyasyon o kadar ytiksek olur.

F degeri ne kadar yiiksek olursa, karsilik gelen p degeri
o kadar diisiik olur.

p-degeri (6rnegin, a=0,05), belirli bir esik degerinin
altinda ise, ANOVA hipotezini reddetmek ve grup
ortalamalari arasinda istatistiksel olarak dnemli bir fark
oldugu sonucuna varilabilir. Tablo 14’te de p=0,008 ¢ikt1
tizerinde %5 anlam diizeyinde anlaml etkiye sahip olan

tek  parametrenin  elektrot ¢ikintist  oldugu
gorilmektedir.

R-sq (R?), model tarafindan agiklanan yanittaki
varyasyon yuzdesidir. 1 eksi kareler hata toplaminin
(model tarafindan agiklanmayan varyasyon) toplam
kareler toplamina (modeldeki toplam varyasyon) orani
olarak hesaplanir. Modelin giivenilirligi Tablo 15te
%94,27 gibi yiiksek bir deger ¢ikmistir. Cikan bu deger
de modelin uygulanabilecegini gdstermektedir.

Tablo 15. Model Ozeti

S R-sq R-sq(adj) PRESS R-sq(pred)

1,06066 94,27% 86,62% 24 59,24%

4.3. Kaynak Genisligi icin Regresyon Analizi

Kaynak akimi, kaynak hizi, elektrot ¢ikintis1 ve 1s1
girisi ile kaynak dikis niifuziyetinin bagimh degiskenleri
arasindaki iliskiyi belirlemek icin ¢oklu regresyon
analizi kullanilmistir. Regresyon analizi Minitab 18
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yazilimi ile yapilmistir. Giris parametrelerinin regresyon Elde edilen regresyon denklemi ile dngériilen kaynak
analizi Tablo 16.da dogrusal denklemde ifade edilmistir. genisligi Tablo 17.de hesaplanmuistir.

Tablo 16. Regresyon Denklemi

Kaynak genisligi (mm)= | 1.583"Elektrot ¢ikintis1 (mm)

Tablo 17. Katsayilar

Term Coef SE Coef 95% CI T-Value P-Value VIF
Stirekli 14.1 11.7 (-23.0,51.3) 1.21 0.313

Kaynak akimi (amp) 0.0129 0.0129 (-0.0282,0.0541) 1.00 0.391 1.00
Kaynak hiz1 (mm/dak) 0.0313 0.0187 (-0.0284,0.0909) 1.67 0.194 1.00
Elektrot cikintis1 (mm)  1.583  0.250  (0.788, 2.379) 6.33 0.008 1.00
Is1 Girisi (KJ/mm) -1.458 0.625 (-3.447,0.531) -2.33 0.102 1.00

Tablo 18."de model 6zeti, Tablo 19.’da varyans analizi ve
Tablo 20.de ise ongoriilen kaynak genisligi degerleri
verilmistir.

Tablo 18. Kaynak Genisligi Model Ozeti

S R-sq R-sq(adj) PRESS R-sq(pred) AlCc BIC
1.06066 94.27% 86.62% 24 59.24% 111.80 28.28

Tablo 19. Kaynak Genisligi Varyans Analizi

Kaynak DF SeqSS Contribution AdjSS AdjMS F-Value P-Value
Regresyon 4 55500 94.27% 55.500 13.875 12.33 0.033
Kaynak akimi (amp) 1 1.125 1.91% 1.125 1125 1.00 0.391
Kaynak hizi (mm/dak) 1 3.125 5.31% 3.125 3.125 2.78 0.194
Elektrot cikintisi (mm) 1 45.125 76.65% 45.125 45125 40.11 0.008
Is1 Girisi (KJ/mm) 1 6.125 10.40% 6.125 6.125 5.44 0.102
Error 3 3375 573% 3375 1125

Total 7  58.875 100.00%

Tablo 20. Ongériilen Kaynak Genisligi Degerleri

Deney A B C D E F
No Kaynak Kaynak Elektrot [s1 Kaynak  Ongoérilen
akimi(amp) hizi(lmm/dak) cikintisiimm) girisi(Kj/mm) genisligi  kaynak genisligi

1 520 200 30 3.59 70 69,375

2 520 200 33 4.79 72 72,375

3 520 240 30 4.79 68 68,875

4 520 240 33 3.59 76 75,375

5 578 200 30 4.79 69 68,375

6 578 200 33 3.59 74 74,875

7 578 240 30 3.59 71 71,375

8 578 240 33 4.79 75 74,375
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Sekil 8'de giiven araliklar1 ve tahmin araliklar
gorilmektedir. Burada;

PI: Tahmini degerlerin siniri,

CI: Gliven arahigidir.

Fitted Line Plot
Kaynak genisligi = 238,7 - 5,651 predict kaynak genisligi
+ 0,04627 predict kaynak genisligi®2

— Regression
_— 95%Cl
- 95% PI

s 0.780057
94.8%

75.0 N
R-Sqadj)  92.8%

Kaynak genisligi

68 69 70 n 72 73 74 75 76
predict kaynak genisligi

Sekil. 8 Giiven araliklari ve tahmini araliklar

Sekil 8'de goruldigi gibi mavi cizgiler (deneyler)
regresyon cizgisine (kirmizi) ne kadar yakin olursa R-sq
yani bagimsiz degiskenden tahmin edilebilen bagimli
degiskendeki varyasyonun orani da o kadar yiiksek olur.

5. Sonuglar ve Tartisma

Bu ¢alismada, sinyal-giiriiltii orani (S/N) grafiginde en
¢ok etkileyen faktorler elektrot ¢ikintis1 ve 1s1 girisidir.
Deneyleri en az etkileyen ise kaynak akimi ve kaynak
hizidir. Analizde biiyiik deger daha iyi diye diisiintildagu
icin her faktorde en biiyiik olan S/N orani hangi faktorde
hangi seviye en iyi sonucu verdigini gosterir. Kaynak
genisligine gore S/N oraninin cevabi, kaynak genisligini
kontrol eden en dnemli parametrenin elektrot ¢ikintisi
oldugu goriiliirken, diger parametreler bu agidan
nispeten daha az 6nemlidir. Bu sonuglar incelendiginde
eniyilenmesi degerleri A2B2C2D1’de elde edilmistir.
Kaynak akimi (37,17), Kaynak hiz1 (37,20), elektrot
cikintis1 (37,41) ve Is1 girisi (37,23) degerleri tespit
edilmistir.

Taguchi yontemi, proses parametrelerini basit bir
sekilde basitlestirmek igin etkili bir yontem olarak
bulunmustur. Bu nedenle kalite iyilestirme ve Kkalite
¢oziimlerinde kullanilabilir. Tam faktdriyel analiz ile
gilivenilir ve basit bir dogrulama ydntemi olan bu
yontem diger tiim ¢calismalarda 6nerilebilir.
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As a result of the processes applied in the steel production, approximately 400 kg of waste
is generated for every one ton of steel products. According to environmental regulations,
these wastes must be disposed or stored in waste dams, which imposes a serious financial
burden on iron and steel enterprises. In recent years, wastes with a high iron content has
been recovered and returned to the steelmaking processes, replacing ore and
contributing to a more efficient use of resources. However, despite the high iron content,
it is not possible to use high sulphur content wastes as raw material in steel production.
In this study, it is aimed to increase the utilization possibilities of these wastes as
secondary raw material by reducing the content of sulphur in the concentrate by
magnetic separation. It was shown that 33.34% of the wastes can be recycled with
54.90% iron recovery and 74.43% sulphur removal after dry magnetic separation
experiments while 14.66% of the wastes can be recycled with 28.60% iron recovery and
89.93% sulphur removal after wet magnetic separation experiments. These removals
correspond to 0.03% and 0.01% sulphur contents in the concentrates after dry and wet
magnetic separations, respectively, and the concentrates can be blended back into the
main raw material.

DEMIR CELIK TESIS ATIKLARININ GERi DONUSUMU

Anahtar Kelimeler

0z

Atik geri dontisiimti, kiikiirt
giderme, manyetik ayirma,
celik  atiklar1  kullanimi,
istatistiksel deneysel tasarim.

Celik tiretiminde uygulanan islemler sonucunda her bir ton celik iiriin icin yaklasik 400
kg atik olusmaktadir. Cevre mevzuatina gére bu atiklarin bertaraf edilmesi veya atik
barajlarinda depolanmasi gerekmektedir ki bu da demir-gelik isletmelerine ciddi bir mali
yiik getirmektedir. Son yillarda demir icerigi yiiksek atiklarin geri kazanilmasi ile
cevherin yerini alacak sekilde celik tiretim proseslerine geri dondiiriilmekte ve bdylece
kaynaklarin daha verimli kullanilmasina katki saglanmaktadir. Ancak yiiksek demir
icerigine ragmen yiiksek kiikiirt icerigine sahip atiklarin celik tiretiminde hammadde
olarak kullanilmast miimkiin degildir. Bu ¢alismada manyetik ayirma ile konsantredeki
kiikiirt iceriginin azaltilmasit ile bu atiklarin ikincil hammadde olarak kullanim
olanaklarinin artirilmast amaglanmaktadir. Kuru manyetik ayirma deneyleri sonrasinda
atiklarin %33,34lintin %54,90 demir geri kazanimi ve %74,43 kiikiirt giderimi ile geri
donlistiirtilebilecedi, yas manyetik ayirma sonrasi atiklarin %14,66'sinin %28,60 demir
geri kazanimi ve %89,93 kiikiirt giderimi ile geri déniistiiriilebilecegi gdsterilmistir. Kuru
ve yas manyetik ayirmalardan sonra elde edilen konsantrelerin kiikiirt icerikleri sirastyla
%0,03 ve %0,01 olup, bu konsantreler tekrar ana hammaddeye harmanlanabilir
niteliktedir.
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1. Introduction

The iron and steel industry create output and
employment in hundreds of other industries all over the
world. Considering all of the industries with direct,
indirect and induced impacts, the steel industry offers
more than $ 1,000 billion in economic output and nearly
six million jobs. Steel is found utilization in a very large
industrial sectors including automotive, construction,
packaging and rail sectors without which modern
society cannot remain sustainable. World crude steel
production reached 1689.4 million tonnes (Mt) for the
year 2017, up by 3.8% compared to 2016. The biggest
steel producer country is China, and its crude steel
production in 2017 is 831.7 Mt accounting for 49.2% of
the world. Ranking 8th in the world total steel
production with a share of 2.2%, Turkey's steel
production in 2017 was 37.5 million tons of crude steel,
with an increase of approximately 13% compared to the
previous year. (Basson, 2018)

There are two main processes for crude steel
production: blast furnace - basic oxygen furnace (BF-
BOF) and electric arc furnace (EAF) routes. Besides
these two main routes, there are other routes such as
open heart furnaces (OHF) used in steelmaking in Russia
and Ukraine. 71.5% of the world’s crude steel
production is via BF-BOF route while 28% of that via
EAF production route. The other methods are negligible
and accounts for only 0.5% of total production (Basson,
2018). It was claimed that on average, solid wastes of
200 kg for the electric arc furnace (EAF) route and 400
kg for the blast furnace - basic oxygen furnace (BF-BOF)
route were produced for the manufacture of one ton of
steel (Worldsteel Association, 2018). The main solid
wastes produced during crude steel production are
slags (90% by mass), dust and sludge. These wastes are
disposed or dumped to the waste dams which causes
serious negative environmental impact as well as
financial burden on the iron and steel industry. On the
other hand, the World’s economy currently loses a
significant amount of potential secondary raw materials
which are found in waste streams. It was reported that
total solid waste generation in 2013 in the EU was about
2.5 billion tons of which less than 1 billion tons were
reused or recycled therefore enormous amount of lost
for the European economy was recorded. (European
Commission 2015). Furthermore, EU published a
directive on 30 May 2018 on the subject which states
that “Waste management in the Union should be
improved and transformed into sustainable material
management, with a view to protecting, preserving and

improving the quality of the environment, protecting
human health, ensuring prudent, efficient and rational
utilisation of natural resources, promoting the
principles of the circular economy, enhancing the use of
renewable energy, increasing energy efficiency,
reducing the dependence of the Union on imported
resources, providing new economic opportunities and
contributing to long-term competitiveness. In order to
make the economy truly circular, it is necessary to take
additional measures on sustainable production and
consumption, by focusing on the whole life cycle of
products in a way that preserves resources and closes
the loop” (European Commission 2018). According to
the EU waste hierarchy, in waste management, the first
priority is given to waste prevention, then to recycling,
then to energy recovery and finally to disposal.

In this study, the utilization possibilities of BOF slags as
a secondary raw material, taken from an iron and steel
plant's waste landfills were investigated by decreasing
sulphur content by dry and wet magnetic separation
methods. Central Composite Design (CCD) which is one
of the statistical experiment design methods was used to
design magnetic separation experiments (Khuri and
Mukhopadhyay, 2010). Iron recovery, sulphur removal
rate and weight yield of the concentrate were accepted
as dependent variables (response variables). After
variance analysis, regression models were created for
each dependent variable by using Stat-Ease Design
Expert software version 11.

2. Scientific Literature Review

Over the past 20 years, the use of the steel industry’s
wastes has increased significantly. The recovery of high
iron content wastes and their return to steel production
processes instead of ore contributes to the more
efficient use of resources. Other wastes have many uses
in other industries; For example, while steelmaking
slags are used as aggregates in road construction, blast
furnace slags and dust are used in cement production
instead of clinker (Worldsteel Association, 2018).

In Turkey, a number of steel production plants
operating by basic oxygen furnace route are distributed
mainly north-west part of Turkey. 420 kg of solid wastes
are produced for each ton of steel production, and these
solid wastes include mainly BOF slags, dust and sludge
wastes. These wastes are disposed to nearby landfills
that cause severe environmental problems, and only a
small percentage is recycled (Alanyali, C6l, Yilmaz and
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Karagoz, 2006; Lan, Liu, Meng, Niu and Zhao, 2017). In
this respect, BOF slags with as much as 14-20% iron
content (Ocal, 2014) are important and can be utilized
as secondary source for steel production. However, the
impurities such as sulphur and improper particle sizes
limit their utilization as secondary raw materials. The
use of these slags can be increased by removing the
unwanted impurities to an acceptable level by means of
concentration methods. These methods include
crushing, sizing, magnetic separation, flotation and
leaching (Li, 1999; Shen and Forssberg, 2003; Alanyaly,
et al. 2006; Bilen, 2010; Menad, Kanari and Save, 2014;
Ma and Houser, 2014; Lan, et al. 2017).

3. Materials and Methods

3.1. Materials

Basic oxygen furnace slags taken from an iron and steel
production plant’s waste landfills were used throughout
the experimental work. The slags contained 18.33% Fe,
%0.15 S, %0.56 P and %39.61 Ca. The samples were
crushed to -1 mm with a jaw crusher and sieved into
three size fractions: -1+0.3; -0.3+0.075; -0.075 mm. In
this article, the results of the studies with -0.3 + 0.075
mm size fraction suitable for both wet and dry magnetic
separation are given; experimental results of other size
fractions where only wet or dry magnetic separation or
other methods were studied are not given here. The
studied fraction represents 46.57% of the total sample
by weight. The chemical composition of the studied
sample determined by XRF analysis (by Panalytical
ZETIUM) and contained 18.62% Fe, %0.13 S, %0.66 P
and %41.53 Ca.

Figures 1 (a) and (b) show the XRD (by Panalytical
EMPYREAN)and SEM-EDS (by Hitachi Regulus 8230 FE-
SEM) patterns of studied sample. In the XRD pattern,
iron, calcium and sulphurous compounds are observed.
Although phosphorus was not seen in the XRD pattern,
low content of phosphorus was detected by XRF
analysis. XRD and SEM-EDS patterns proved that
Porlandite (Ca(OH)z2), Larnit (2Ca0Si02),
Brownmillerite (Caz(AlFe)20s), Vustit (FeO), Calcite
(CaC03), Magnetite (Fe304), Lime (Ca0O) were present in
the sample. As it can be observed from Figure 1 that the
peaks in the EDS pattern and the peaks in the XRD
graphs overlap and indicate the same minerals. The SEM
images also show that these minerals are locked with
each other and difficult to be liberated even by fine
grinding.
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(b-3)

Figure 1. XRD (a) and SEM-EDS (b) Patterns of Studied
Sample

3.2. Methods

Two different laboratory size magnetic separators, dry
and wet type, were used to increase iron content and to
decrease sulphur content of the studied material. Carpco
Laboratory High-Intensity Induced-Roll Magnetic
Separator which is a free fall type separator produced by
Outokumpu Technology, Inc was used as dry magnetic
separator. Its magnetic field strength is adjustable
between 0 to 20 kilo gauss.

Master Magnet M5695 model laboratory type wet
magnetic separator was utilized in the wet magnetic
separation experiments. Pulp is fed manually to the
magnetic separator which has three magnetic matrixes.
The magnetic field strength can be set up to 25 kilo gauss
from the control unit. The current intensity (ampere)
can be adjusted in the device used, and the voltage
intensity (volt) is read from the panel. The magnetic
field strength was calculated by using the tension-
generated magnetic field (gaussian) relationship given
in the user manual of the device.

In the experimental studies, the effects of magnetic field
strength, feed rate and drum rotational speed on dry
magnetic separation (DMS) were examined while the
effects of magnetic field strength, feed rate and solid
ratio were examined on wet magnetic separation (WMS)
as independent variables (parameters). After each
magnetic separation experiments, two products were
obtained: magnetics and non-magnetics. Magnetics
fraction was called as concentrate while non magnetics
as tailings. Iron and sulphur content of the concentrate
and tailings were analysed by XRF, and iron recovery (R
Fe; %), sulphur removal rate (Srem, %)and weight yield
(WY, %) as dependent variables (response variables)
were calculated from the equations 1 to 3 as given
below:
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R Fe (%) = %’; «100 (1)
S Rem (%) = F’:f% «100 2)
WY (%) = %*100 (3)

where, C and F are the amounts of concentrate and feed,
respectively; cr and cs are the iron and sulphur contents
of concentrate, respectively; ff. and f; are the iron and
sulphur contents of feed, respectively. Stat-Ease Design
Expert software version 11 was used for statistical
design and to obtain mathematical models of the
response variables. Due to the design features of the
magnetic separators used and in terms of practicality in
setting the parameters, the alpha (a) coefficient used in
the calculation of the axial points in dry and wet
magnetic separations is taken as 1.4 and 2, respectively.
In this study, independent variables (parameters) and
their levels are given in Table 1 for dry and wet magnetic
separation experiments. The levels for the factors were
determined by preliminary experiments.

J ESOGU Eng. Arch. Fac. 2023, 31(1), 572-579

Table 1

Independent Variables and Levels for Magnetic

Separation Experiments
Independent Variables (Parameters)

DMS Levels

Fac. Unit - -1 0 1 +0
A Gauss 20 100 300 500 580
B g min! 82 90 110 130 138
C* rpm 4 10 25 40 46
WMS Levels

A 103Gauss 2.5 10.6 143 147 1438

B g min’! 10 15 20 25 30

C¥* % 3 6 9 12 15
A: Magnetic field strength; B: Feed rate; C*: Drum rotational speed;
C**:Solid ratio

4. Results and Discussion

The number of experiments with axials points in CCD
was planned as 20 experiments for 3 parameters. All
experiments were carried out randomly, and the results
are given in Table 2.

As can be seen from Table 2, iron recovery, sulphur
removal and weight yield were obtained as 54.90%,
74.43% and 33.47%, respectively at experiment 7 (100
Gauss, 130 g min', 40 rpm) for DMS experiments. Iron
recovery, sulphur removal and weight yield were
obtained as 28.60%, 89.93% and 14.66%, respectively
atexperiment 9 (2500 Gauss, 200 g min-%, 9%) ) for WMS
experiments. Although iron recovery seemed to be low
at wet magnetic separation experiments, sulphur
removal was obtained as nearly 90% which makes the
BOF slags suitable for recycling.

Table 2. Design Matrix and Results of DMS and WMS Experiments

Coded values of factors

Dry Magnetic Separation

Wet Magnetic Separation

No

A B C Rre (%) Srem (%) WY (%) Rre (%) Srem (%) WY (%)
1 1 1 1 65.43 57.27 50.60 75.67 4133 58.30
2 1 -1 -1 89.97 16.83 25.92 94.63 6.84 88.89
3 -1 1 -1 60.14 60.11 45.60 75.60 41.69 23.29
4 1 1 88.89 2234 81.49 96.72 16.74 87.80
5 1 1 1 57.68 71.53 37.07 66.02 4832 49.57
6 1 1 1 84.63 27.86 25.68 97.36 11.60 91.14
7 1 1 1 54.9 74.43 33.47 68.05 4581 52.27
8 1 1 1 85.71 27.09 77.60 97.03 13.51 91.07
9 - 0 0 43.16 72.33 27.06 28.60 89.93 14.66
10 +a 0 0 9275 12.84 65.90 98.77 5.87 94.64
11 0 -« 0 86.87 24.11 78.96 90.52 13.34 83.21
12 0 +a 0 91.36 20.00 80.24 95.51 14.24 86.04
13 0 0 -« 5437 59.29 42.40 95.16 26.58 85.71
14 0 0 +a 5343 4521 44.22 92.80 1636 84.44
15 0 0 0 87.04 16.41 59.36 86.88 31.75 69.55
16 0 0 0 89.04 15.32 78.87 89.30 22.50 79.39
17 0 0 0 91.14 39.02 89.12 96.11 19.98 82.66
18 0 0 0 84.62 18.66 68.96 92.46 17.90 82.44
19 0 0 0 91.54 20.94 81.80 88.91 23.72 78.24
20 0 0 0 86.29 26.03 73.58 76.55 28.76 73.76
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The experimental results were subjected to variance
analysis for three response variables (iron recovery,
sulphur removal rate and weight yield). As a result of
variance analysis, the regression models were created
for coded factors. Reduced ANOVA tables were prepared
by eliminating statistically insignificant terms from the
model with 95% confidence interval.

There are two main indicators that determine the
effectiveness of a model: the coefficient of
determination (R?) and predicted RZ (P-R2?). The
consistency of a model with experimental data is
represented by R? value which is the proportion of the
variance in the dependent variable. Further, the power
of a model is determined by P-R? which is a measure of
how well the model predicts a response value (Khuri
and Mukhopadhyay, 2010) Both indicators are also
presented at the reduced ANOVA tables. The results
were also examined by graphically. Reduced ANOVA
result for dry and wet magnetic separation experiments
are given in Table 3 for three response variables
according to magnetic separation experimental results.
Statistically insignificant terms were eliminated from
the models with 95% confidence interval.

4.1. Dry Magnetic Separation (DMS) Experiments

According to ANOVA results of DMS, three regression
models were created for iron recovery, sulphur removal
rate and weight yield, and given in equations 4-6,
respectively. Proposed models by software for all three
response variables are significant as p values of models
are less than 0.05. p values of Lack of fit for all models
are greater than 0.05 which indicates experimental
error is statistically insignificant.

RFe (%) =88.12+13.14 A+ 0.057B — 1.46 C —

5.23 A2 — 8.74 C? (4)
SRem (%) = 25.33 — 18.01 A+ 0.14 B + 1.01 C +
5.70 A% + 8.11 C? (5)
WY (%) = 72.52 +7.60 A + 634 B — 1.63 C +

14.51 AB — 8.43 A2 — 9.22 C? (6)

The R2 values are obtained as 0.9789, 0.8454 and 0.7571
for Rre, Srem and WY, respectively (Table 3). Graphical
representation of predicted results versus actual results
for all three response variables are given in Figs. 2 (a-c).
As can be seen from the graphs, the Rre, Srem, and WY
values estimated from the models represent the
experimental results by approximately 98%, 85% and
76%, respectively which indicates the high consistency
of the model for Rre and Srem while relatively the low
consistency of the model for WY.

J ESOGU Eng. Arch. Fac. 2023, 31(1), 572-579

Table 3. The Results of Analysis of Variance (reduced
ANOVA) for Three Response Variables for DMS and
WMS

DMS Rre (%) Skem (%) WY (%)
Model <0.0001 <0.0001 0.0020
A <0.0001 <0.0001 0.0354
B 0.9369 0.9551 0.0720
C 0.0571 0.6873 0.622
salues AB - - 0.0074
A <0.0001 0.0102 0.0053
BZ
cz <0.0001 0.0008 0.0029
Lackoffit ~ 0.5019 0.3790 0.2515
Std. D. 2.82 9.86 12.95
R2 0.9789 0.8454 0.7571
PR2 0.9376 0.4224 0.2337
WMS Rre (%) Skem (%) WY (%)
Model <0.0001 <0.0001 <0.0001
A <0.0001 <0.0001 <0.0001
B 0.5391 0.5903 0.4309
b C 0.4000 0.7133 0.5092
Values A2 <0.0001 <0.0001 0.0008
B2 - 0.0369
CZ
Lackoffit ~ 0.8270 0.5481 0.0813
Std. D. 5.45 5.20 8.59
R2 0.9162 0.9476 0.8835
PR? 0.8043 0.8561 0.7663

As can be seen from Table 3, the P-R? values are
obtained as 0.9376, 0.4224 and 0.2337 for Rre, Srem and
WY, respectively. These figures indicate high power for
Rre while relatively low power for Srem and WY in
comparison with Rre.

In a statistical design, factors that cause variability in the
performance of a system but cannot be controlled called
as noise factors (Steinberg and Bursztyn, 1998). It is
noteworthy to point out that the weakest model
obtained in the experiments is the model created for
weight yield in dry separation. The correlation
coefficient of this model was 75.71%. The main reason
for this is thought to be the high amount of magnetic
clustering. This is a noise factor in the system and causes
uncontrolled fluctuation in the amount of material
coming to the magnetic product. The high correlation
coefficients of the models obtained in iron recovery and
sulphur removal in dry separation indicate that the
selectivity could be maintained somewhat despite
magnetic clustering.

The main effects of parameters on Rre (%), Srem (%) and
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WY (%) are given in Figs. 2 (d-f), respectively. As it can
be seen from the ANOVA Table (Table 3) and Figs. 2 (d-
f), the most effective parameter for all response
variables is the magnetic field strength (A). Both linear
and quadratic effects of magnetic field strength are
found to be significant for all response variables. Linear
effects of feed rate (B) and drum rotation speed (C) are
found to be insignificant for all models while quadradic
effect of drum rotational speed is found effective for all

Predicted vs. Actual

Predicted

Predicted

6
Actual

(a)

Perturbation

Fe Recovery (%)
S Removal (%)

Predicted vs. Actual
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models.

When the variance analysis results of the weight yield
are examined (Table 3), it is seen that the interaction
between the magnetic field strength (A) and the feed
rate (B) is statistically significant. This interaction is also
shown in Fig. 3 as a three-dimensional graphic.

Predicted vs. Actual

Predicted

Actual
(c)
Perturbation

Perturbation

1,000 2500 0000 0500 1000 1,000 0500

Deviation from Reference Point (Coded Units)

1000 0500 0000 0500 1,000

Deviation from Reference Point (Coded Units)

(f)

Deviation from Reference Point (Coded Units)

Figure 2. Graphical Representations of Analyzes for DMS: Predicted Versus Actual (a:Rre; b:Srem; c:WY) and Main Effects

of Parameters (d:Rre; €:Srem; f:WY)

Weight Yield (%)

A MF (Gauss,

Figure 3. AB Interaction on WY for DMS.

As can be seen in Fig. 3, increasing the magnetic field
strength caused a decrease in WY at low feed rate and
an increase in high feed rate. This indicates that the
effect of magnetic field intensity on the yield depends on
the feed rate. This fact proves the interaction between

these two parameters.
4.2. Wet Magnetic Separation (WMS) Experiments

Table 3 shows the reduced ANOVA result for three
response variables according to wet magnetic
separation experimental results. Three regression
models were created for iron recovery, sulphur removal
rate and weight yield, and given in equations 7-9,
respectively. Statistically insignificant terms were
eliminated from the model with 95% confidence
interval. Proposed models by software for all three
response variables are significant as p values are less
than 0.05. p values of Lack of fit for all models are
greater than 0.05 which indicates experimental error is
statistically insignificant.

RFe (%) =90.47 + 15.05A4+ 086 B —1.18 C —

6.67 A2 7)
SRem (%) = 23.75 — 18.54 A+ 0.72 B — 0.49 C +
6.19 A% — 2.34 B2 (8)
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WY (%) = 78.33 + 20.96 A — 1.74 B + 1.45 C —
6.84 A2 9)

R2 values which represent the consistency of the models
are obtained as 0.9162, 0.9476 and 0.8835 for Rre, Srem,
and WY, respectively (Table 3). Graphical
representation of predicted results versus actual results
for all three response variables are given in Figs. 4 (a-c).
As can be seen from the graphs, the Rre, Srem, and WY
values estimated from the models represent the
experimental results by approximately 92%, 95% and
88%), respectively which indicates the high consistency
of all models. The fact that the correlation coefficients
obtained for all response variables in wet magnetic
separation are above 88% indicates that the
uncontrollable noise factors are less effective in wet
magnetic separation.

Predicted vs. Actual

Predicted
%
Predicted

o

..
e

Predicted vs. Actual
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Table 3 also shows that P-R? values which represent the
power of the models are obtained as 0.8043, 0.8863 and
0.7663 for Rre, Srem and WY, respectively. These values
of P-R2 indicate high power for all models

The main effects of parameters for Rre (%), Srem (%) and
WY (%) are given in Figs. 4 (d-f), respectively. As it can
be seen from the ANOVA Table (Table 3) and Figs. 4 (d-
f), the most effective parameter for all response
variables is the magnetic field strength (A). Both linear
and quadratic effects of magnetic field strength are
found to be significant for Iron recovery, sulphur
removal rate and weight yield of the concentrate. Linear
effects of feed rate (B) and solid ratio (C) are found to be
insignificant for all models while quadradic effect of feed
rate is found effective for sulphur removal.

Predicted vs. Actual

Predicted

Actual

(a)

Perturbation

Actual
(b)

Perturbation

Actual
()
Perturbation

g€

Fe Recovery (%)
S Removal (%)

@0

from Reference Point (Coded Units)

(d)

Deviation from Refere: Point (Coded Units)

Deviation from Reference Point (Coded Units)

(f)

Figure 4. Graphical Representations of Analyzes for WMS: Predicted Versus Actual (a:Rre; b:Srem; c:WY) and Main Effects

of Parameters (d:Rre; €:Srem; f:WY)

When the recovery of BOFs by magnetic separation are
searched in the literature, studies performed by Alanyal
2006, Menad 2014 and Lan 2017 have drawn attention.

In the first study, performed by Alanyali 2006 by dry
magnetic separator, was shown that the drum was the
most effective parameter on the recovery of magnetic
product. However, many data such as sulfur content,
which have a significant effect on the recycling of iron,
were not discussed in this study.

Menad 2014 has revealed the relationship between
grinding type and grain size with both dry and wet
magnetic separation efficiency in this study.

In the study presented by Lan 2017, the recovery of iron
according to size fractions was studied by magnetic
separation (wet or dry not mentioned) without no data
on sulfur removal.

5. Conclusions

Recycling of iron and steel production plant wastes has
been studied and the results of dry magnetic separation
experiments showed that approximately one third of the
wastes (33.47%) can be recycled with 54.90% iron
recovery and 74.43% sulphur removal. This removal
corresponds to 0.03% sulphur content, and the
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concentrate can be blended back into the main raw
material. The results of wet magnetic separation
experiments showed that 14.66% of the wastes can be
recycled with 28.60% iron recovery and 89.93%
sulphur removal. This removal corresponds to 0.01%
sulphur content, and the concentrate can be blended
back into the main raw material.

The results obtained from two experimental sets,
including dry and wet magnetic separation with the size
of -0.3 + 0.075 mm, showed that the magnetic field
strength should be increased to increase the iron
recovery, but this negatively affected the sulphur
removal rate. When trying to increase the sulphur
removal rate, the iron recovery remains very low.

These removals correspond to 0.03% and 0.01%
sulphur contents in the concentrates after dry and wet
magnetic  separations, respectively, and the
concentrates can be blended back into the main raw
material.

Finally, it has been shown that with a simple crushing-
magnetic separation plant, the amount of wastes stored
in the tailings dam and causing storage and
environmental problems can be reduced.

Acknowledgements

The study was supported by Eskisehir Osmangazi
University Scientific Research Projects Committee
(Project No: BAP 2017-15D19).

Contribution of Researchers

In this study; All three authors contributed equally to
the planning of the studies, the realization of the
experimental studies, and the interpretation of the
results and the conversion of the results into reports.

Conflict of Interest

No conflict of interest has been declared by the authors.

References

Alanyali H,, Cél M., Yilmaz M. & Karagoéz S. (2006).
Application of Magnetic Seperation to Steelmaking
Slags for Reclamation. Waste Management. 26: 1133-
1139.
https://doi.org/10.1016/j.wasman.2006.01.017

Basson E. (2018). World Steel in Figures 2018, World
Steel Association, Brussels, Belgium. Available at:
https://worldsteel.org/wp-content/uploads/2018-
World-Steel-in-Figures.pdf (accessed 28 March
2022).

J ESOGU Eng. Arch. Fac. 2023, 31(1), 572-579

Bilen M. (2010). Recovery of Precipitated Calcium
Carbonate from Steelmaking Slags by Leach -
Carbonation Process. MSc Thesis, Cukurova
University, Adana, Turkey.

European Commission. (2015). Proposal for a Directive
of the European Parliament and of the Council
Amending Directive 2008/98/EC on Waste.
European Commission, Brussels, Belgium.

European Commission. (2018). Directive (EU)
2018/851 of the European Parliament and of the
Council of 30 May 2018 amending Directive
2008/98/EC on Waste. European Commission,
Brussels, Belgium.

Khuri A. & Mukhopadhyay S. (2010). Response surface
methodology. WIREs Computational Statistics: 128-
149.

Lan Y.P.,, Liu Q.C.,, Meng F., Niu D.L. & Zhao H. (2017).
Optimization of Magnetic Seperation Process for Iron
Recovery from Steel Slag. Journal of Iron and Steel
Research, International 24: 165-170.
https://doi.org/10.1016/S1006-706X(17)30023-7

LiY.S. (1999) The use of waste basic oxygen furnace slag
and hydrogen peroxide to degrade 4-chlorophenol.
Waste Management. 19: 495-502.
https://doi.org/10.1016/S0956-053X(99)00239-1

Ma N. & Houser ].B. (2014). Recycling of steelmaking
slag fines by weak magnetic separation coupled with
selective particle size screening. Journal of Cleaner
Production. 82: 221-231.
https://doi.org/10.1016/j.jclepro.2014.06.092

Menad N., Kanari N. & Save M. (2014). Recovery of high
grade iron compounds from LD slag by enhanced
magnetic separation techniques. International
Journal of Mineral Processing. 126: 1-9.
https://doi.org/10.1016/j.minpro.2013.11.001

Ocal Y. (2014). Waste management in the Iron and Steel
Industry. Master Thesis, T.C. Ministry of
Development, Publication No: 2911 (In Turkish).

Shen H. & Forssberg E. (2003). An overwiew of Recovery
of Metals from Slags. Waste Management. 23: 933-
949. https://doi.org/10.1016/S0956-
053X(02)00164-2

Steinberg D.M. & Bursztyn D. (1998). Noise Factors,
Dispersion and Robust Design. Statistica Sinica. 8:
67-85.

Worldsteel Association. (2018). Steel Industry Co-
products Report. Available at:
https://worldsteel.org/wp-
content/uploads/worldsteel-policy-paper-Steel-
industry-co-products.pdf (accessed 28 March 2022).

579


https://doi.org/10.1016/j.wasman.2006.01.017
https://worldsteel.org/wp-content/uploads/2018-World-Steel-in-Figures.pdf
https://worldsteel.org/wp-content/uploads/2018-World-Steel-in-Figures.pdf
https://doi.org/10.1016/S1006-706X(17)30023-7
https://doi.org/10.1016/S0956-053X(99)00239-1
https://doi.org/10.1016/j.jclepro.2014.06.092
https://doi.org/10.1016/j.minpro.2013.11.001
https://doi.org/10.1016/S0956-053X(02)00164-2
https://doi.org/10.1016/S0956-053X(02)00164-2
https://worldsteel.org/wp-content/uploads/worldsteel-policy-paper-Steel-industry-co-products.pdf
https://worldsteel.org/wp-content/uploads/worldsteel-policy-paper-Steel-industry-co-products.pdf
https://worldsteel.org/wp-content/uploads/worldsteel-policy-paper-Steel-industry-co-products.pdf

ESOGU Miih. Mim. Fak. Dergisi 2023, 31(1), 580-589 ] ESOGU Eng. Arch. Fac. 2023, 31(1), 580-589

KAYNAK KISITLI COKLU INSAAT PROJELERINDE WIEST YONTEMIYLE iSGUCU
KAYNAKLARININ TAHSIiSi VE DENGELEMESIi UZERINE BiR UYGULAMA

Osman Mert AVDAN!?, Osman AYTEKIN2*, Hakan KUSAN3

1 Eskisehir Osmangazi Universitesi, Miihendislik-Mimarlik Fakiiltesi in$aat Miihendisligi Boliimii,

ORCID No: http://orcid.org/0000-0001-5564-1102

2 Eskisehir Osmangazi Universitesi, Miihendislik-Mimarlik Fakiiltesi in$aat Miihendisligi Boliimii,

ORCID No : http://orcid.org/0000-0002-5916-0725

3 Eskisehir Osmangazi Universitesi, Miihendislik-Mimarlik Fakiiltesi insaat Miihendisligi B6liimii,

ORCID No : http://orcid.org/0000-0001-7689-2808

Anahtar Kelimeler

0z

Kaynak Dengeleme
Problemleri (KDP),

Coklu Insaat Proje Yénetimi
(€iPY),

Kaynak Tahsis Modelleri
(KTM),

Kaynak Dengeleme
Yéntemleri (KDY),

Kaynak Kisithi Projelerde
Dengeleme (KKPD)

Giintimiizde insaat projelerinin siire-maliyet acisindan en iyi sekilde yénetilmesine
ihtiyac duyulmaktadir. Ozellikle kisith kaynaklar ile insaat projelerinin yénetilmesi,
uygulamada sikca karsilasilan bir problem olarak karsimiza cikmaktadir. Buna ilave
olarak, proje sayisi arttiginda ve ortak kaynaklarin kullanilmas: durumunda, birgok is
programinin birbirine gegtigi uygulamalarda, kaynaklarin projelere tahsisi, siire-
maliyet acisindan ¢ok biiyiik 6nem arz etmektedir.

Bu calismada kaynaklart kisitl ¢oklu insaat projelerinde; ortak isgticii kaynaklarinin
kullanmasi durumunda, bu kisitli iggticii kaynaklarinin projelerde nasil kullanilabilecegi
arastirilmistir. Bu amagla, WIEST kaynak dengeleme yéntemi kullanilarak isgiicti
kaynaklarinin dengelenmesi ve tahsisi lizerine drnek bir uygulama yapilarak proje
yénetimi ve is programlarinda yapilmasi gereken hususlar ele alinmigtir. Proje baslangi¢
tarihleri ve imalat metraj degerleri bilinen birbirinden uzak parsellerde insa edilecek li¢
insaat projesi ele alinmistir. Bu projelerde ortak isgiicii kaynaklarini kullanmasi
durumunda, bu isgiicti kaynaklarinin stire-maliyet acisindan en uygun bicimde projelere
entegre edilmesi amaglanmigtir.

Yapilan bu calismadan elde edilen bulgulara gére, ayni zamanda baslayacak ve isgticti
kaynaklart kisith  projelerde WIEST ydntemiyle isgiicti kaynak dengelemenin
kullanilmast durumunda stire ve maliyet agisindan bir¢ok diizenlemenin yapilmasinin
gerekli oldugunu gériilmiistiir. Ayrica proje siirelerinde belli bir artis olmasina ragmen
proje maliyetlerinde azalma sagladigi goriilmiistiir.

AN APPLICATION ON ALLOCATION AND BALANCING OF LABOR RESOURCES WITH WIEST
METHOD IN RESOURCE LIMITED MULTIPLE CONSTRUCTION PROJECTS

Keywords

Abstract

Resource Balancing Problems
(RBP),

Multiple Construction Project
Management (MCPM),
Resource Allocation Models
(RAM),

Resource Balancing Methods
(RBM),

Resource Limited Project
Balancing (RLPB)

Nowadays, there is a need to manage construction projects in the best way in terms of
time-cost. Managing construction projects, especially with limited resources, is a
frequently encountered problem in practice. In addition, when the number of projects
increases and common resources are used, the allocation of resources to projects is of
great importance in terms of time-cost in applications where many construction
schedules overlap.

In this study, it has been investigated that how these limited resources can be used in
projects in case of using common resources in multiple construction projects with limited
resources. For this purpose, a sample application on the balancing and allocation of
labour resources by using the “WIEST Resource Balancing Method” is conducted and the
issues that need to be done in project management and construction schedules are
discussed. Three construction projects to be built on distant sites with specific project
start dates and manufacturing quantity values are considered. In case of using common
labour resources in these projects, it is aimed to integrate these labour resources into the
projects in the most appropriate way in terms of time-cost.

According to the findings of this study, it shows that many adjustments in terms of time
and cost are necessary in case of using labour resource balancing with the WIEST method
in projects that will start at the same time and have limited labour resources. It has also
been observed that although there is a certain increase in project durations, it provides
a reduction in project costs.

hiikiimlerine gore acik erisimli bir makaledir.
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1. Giris

Proje yonetiminde en 6nemli husus kaynaklarin etkin
kullanimi ve kisith kaynaklar olmasi durumunda bu
kaynaklarin en verimli sekilde is planina uygun olarak
koordine edilmesidir. Kaynaklarin bir is planina bagh
olmadan gelisigiizel sekilde kullanilmasi, is planinda
dalgalanmalara yol agar. Bu da yoneticiler icin proje
maliyetinin artmasidir. Bu dalgalanmalarin 6nlenmesi
icin uygulamada kaynaklarin dogru bir sekilde tahsis
edilmesi ve dengelenmesi gerekmektedir. Tek bir ingaat
projesinde dahi 6nemli olan kaynak yo6netimi, aymn
kaynaklar1 kullanan ¢oklu insaat projeleri icin daha
biiyik 6nem arz etmektedir. Ayn1 zaman diliminde
imalat siireci devam eden ve aym Kkaynaklarin
kullanildig1 insaat projelerinde, kaynaklarin en verimli
sekilde projelere tahsis edilmesi ¢cok dnemlidir. Bu gibi
durumlarda kaynaklarin ortak kullanimi ve siire
acisindan en az kayipla insaat projelerinin devam etmesi
istenir.

Son yillarda ozellikle insaat projelerinde kullanilan
isglicii ve makine kaynaklarinin verimli kullanilmasi ve

diistiik maliyetli projelerin gerceklestirilmesinde kaynak
tahsisi ¢ok fazla 6nem kazanmstir.

Insaat proje yénetiminde, projelerin planlanmas: icin
kullanilan is programlarindan elde edilen kaynak
kullanim cizelgelerinde dalgalanmalar
olusabilmektedir. Kaynaklarda olusan bu
dalgalanmalar, ingsaat siiresince c¢esitli problemlere
sebep olabilmektedir. Bu dalgalanmalar1 azaltmak i¢in
yapilan ¢alismalar yapim i¢in gerekli proje biitgesinin
azaltilmasina da imkan saglamaktadir. Bu sebeple KDP
(Kaynak Dengeleme Problemleri) insaat yonetiminde
énemli bir problemdir. Insaat sektériinde kullanilan KD
yontemleri iizerine yapilan ¢alismalar incelendiginde de
sezgisel yontemler ve iist sezgisel yontemler adi altinda
gruplandirilabilecek  ¢ok  sayida  yontem @ ve
uygulamalarin oldugunu gorebiliriz.

KDP, KTM (Kaynak Tahsis Modelleri ve CIPY (GCoklu
Insaat Proje Yonetimi) alanlarinda yapilan calismalara
iliskin arastirma detaylari Cizelge 1'de verilmistir.

Cizelge 1. KDP (Kaynak Dengeleme Problemleri), KD (Kaynak Dengeleme) ve KTM (Kaynak Tahsis Modelleri) Alaninda

Yapilan Calismalar

Calisma Alani Yapilan Calisma Kaynaklar
Kaynak Kisitl Projelerde Sinirh kaynaklara sahip biiyiik projeleri ¢izelgelemek i¢in sezgisel bir Wiest (1967)
Dengeleme (KKPD) model dnerilmistir.

KD (Kaynak Dengeleme) KD i¢in kullanilan minimum moment yaklasimina hesaplamalar1 6nemli Hiyassat (2000)

olciide diisiiren bir degisiklik iceren algoritma 6nerilmistir.

KD (Kaynak Dengeleme),
KTM (Kaynak Tahsis
Modeli)

Faaliyetlerin uzamasina veya sikistirilmasina izin veren “entropi
maksimizasyon metodu” adi verilen bir yontem 6nerilmistir. (2010)

Cristodoulou vd.

KD (Kaynak Dengeleme)

Klasik kaynak dengeleme problemi ve belirli bir kaynak kullanim
esiginin asilmasi durumunda maliyetlerin olustugu “asir1 ytik problemi”
olarak adlandirilan problemi ¢é6zmek i¢cin karma tam sayili dogrusal
programlama teknigi ile gelistirilen bir algoritma gelistirilmistir.

Rieck vd. (2012)

KD (Kaynak Dengeleme) dnerilmistir.

Kaynak dengeleme problemlerinin ¢éziimii icin GA agirhikl bir algoritma | Iranagh ve S6nmez

(2012)

KD (Kaynak Dengeleme),
KTM (Kaynak Tahsis
Modeli)

Bina ingaatlari i¢in bina bilgi modeli destekli kaynak dengelemesi
gerceklestirebilen bir uygulama gelistirilmistir.

Yildirim vd. (2016)

KDP (Kaynak Dengeleme
Problemleri)

Belirsizlik altinda kaynak kisitli ok modlu ¢oklu proje ¢izelgeleme

Soysal vd. (2021)

KDP (Kaynak Dengeleme

Problemleri) Onerilmistir.

Proje siiresini kisaltmak amagli, daha etkili ve esnek proje islevleri i¢in
normalize entropi ve bagil entropi degerlerine dayali bir model

Qiao ve Li (2018)

Kaynak Kisith Projelerde
Dengeleme (KKPD)

Kaynak kisith insaat islerinde is giicii planlanmasi ve Kaynak
Dengelenmesi icin WIEST y6nteminin bir uygulamasini icermektedir.

Erdogan, 0., 2021

KD (Kaynak Dengeleme)

KD i¢in yeni paralel dal ve sinir algoritmasi dnerilmektedir.

Ponz-Tienda vd.
(2017)
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Bu ¢alismada kaynaklari kisith coklu insaat projelerinde
ortak kaynaklarin kullanmasi durumunda, bu kisith
kaynaklarin projelerde nasil kullanilabilecegi
arastirllmistir. Insaat proje ve yonetimi alaninda is
programlarinin yapilmasinda CPM ve PERT tabanh
yazilimlar sik¢a kullanilmaktadir. Ancak CPM ve PERT
tabanli bu tiir is programlar1 yapan yazilimlarda
kaynaklarin kisitli olmasi durumu icin bir iyilestirme
yapma imkanm yoktur. WIEST yontemi 6zellikle CPM
tabanli i  programlar1  kullanilan projelerde;
kaynaklarin tahsisi ve dengelenmesi amacl olarak
yapilabilecek iyilestirmeler noktasinda meta-sezgisel
algoritmalar ve hibrit algoritmalar gibi diger kaynak
dengeleme  yontemlerine  gore  daha  kolay
uygulanabilmektedir. Bu amagla, WIEST kaynak
dengeleme yontemi kullanilarak isglicii kaynaklarinin
dengelenmesi ve tahsisi lzerine 6rnek bir uygulama
yapilarak proje yonetimi ve is programlarinda yapilmasi
gereken hususlar ele alinmistir. Daha 6nce yapilan
calismalar incelendiginde bu yontemin tek ve bagimsiz
projelerde uygulandigini ama c¢oklu projelerde bu
yontem kullanilarak kaynak dengeleme veya kaynak
tahsisi noktasinda bir uygulama yapilmadigl
gorilmektedir. Bu amagla WIEST yontemi kullanilarak;
proje baslangic tarihi, imalat metraj degerleri bilinen 3
ayrl insaat projesinin ortak isgilici kaynaklari
kullanmasi durumunda bu isgiicii kaynaklarinin stire ve
maliyet acisindan en wuygun bicimde projelere
biitiinlestirilmesi durumu arastirilmis, olumlu ve kabul
edilebilecek bulgulara ulasilmistir.

2.Yontem

Kaynaklar1 kisith ¢oklu ingsaat projelerinde ortak
kaynaklarin  kullanilmast durumunda, bu kisith
kaynaklarin kullaniminin siire ve maliyet agisindan
projelerin yonetilmesinde ve wuygulamada proje
slirelerinin artmasi veya maliyetlerin yiikselmesi gibi
istenmeyen durumlarin ortaya ¢ilkmasina neden
olabilmektedir. Insaat projelerinde sikla karsilasilan bu
tip beklenmeyen ve istenmeyen durumlarin ortadan
kaldirilmas: icin ¢ok sayida sezgisel, istatistiksel ve
matematiksel model ve yontemlerin kullanildig:
bilinmektedir. Ancak bu zamana kadar yapilan
calismalarin bireysel ve sadece tek bir projede
uygulandig1 goriilmektedir. Aymi tarihlerde ve farkl
bolgesel santiyelerde gerceklestirilecek projelerin aym
yliklenim altinda yapilmasi durumunda yiiklenimi
gerceklestirecek olan yiiklenicinin kaynaklarimi bu ¢ok
sayida ve ayni anda baslatilmas1 gereken projelerde
uygulanmasina yonelik yeterli olmayan az sayida
calismalara rastlanmaktadir. Ozellikle kaynaklar: kisith
projelerde  WIEST yonteminin uygulanmasinda tek
proje bazli calismalar yapilmistir. Uygulamada
kullanilacak olan WIEST y6nteminin ¢oklu projelerde ne
tiir iyilesmeler veya sikintilar olusturabilecegi sorusuna
cevap aramak amaciyla yapilan bu uygulamada projenin
is programlarinin uygulanmasinda Microsoft Project
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yazilimindan yararlanilarak olusturulan CPM is
programlari iizerinde KD yontemlerinin 6zellikle WIEST
Kaynak Dengeleme yonteminin uygulanabilirligi
hedeflenmistir.

2.1. WIEST Yéntemi

WIEST yontemi, kaynak dengeleme problemlerini
¢6zmeye yonelik pratik bir yaklasim iceren ve 6zellikle
CPM/PERT tabanh is planlamasi yapilan projelerde
kisith kaynaklarin olmasi durumunda en uygun kaynak
dengelemeye imkan sunan pratik bir yaklasim
onermektedir. Ozellikle karmagik bir projede yer alan
hangi islerin veya faaliyetlerin genel etkilerine gore
daha ytiksek oncelikli (veya kritik) olduguna karar
vermenin bir yolunu ortaya koyan bir yo6ntemdir.
Ayrica, zaman ve biitge hedeflerini karsilamak i¢in
gereken tiim isler ve kaynaklar i¢in ideal bir is programi
tasarlamaya yol ya da yollarini ortaya koyan bir
yontemdir.

J. D. Wiest tarafindan gelistirilen (Wiest, 1967) ve daha
sonra Azaron ve arkadaslari (Azaron A. vd., 2006) daha
biiyiik, karmasik ve uzun siireli insaat projelerini analiz
etmek, planlamak ve programlamak icin kullanilan bu
teknigin gelistirilmesinde yer almislardir.

Uygulamaya esas olan projelerde WIEST yontemiyle
kaynak dengeleme yapilirken sadece isgiicli kaynagina
gore dengeleme esas alinmistir. Uygulama yapilirken
WIEST yonteminin asagida siralanan hususlara dikkat
edilerek isgiicli kaynak dengelemesi yapilmistir:

o ilk olarak tiim aktivitelerin erken baslamalar
hesaplanir ve her aktivitenin hangi giin ne kadar is
glicii gereksinimi duydugu gosterilmelidir.

e Her islemin en fazla gereksinim duydugu is giicii
miktar1 hesaplanmistir.

e Projelere ait tiim aktivitelerin kaynaklariin en fazla
olan Dbolgeleri bir birim asagiya indirilmesi
saglanmistir.

o Aktivite siralamasi sirasinda islem sirasi goz oniinde
bulundurulmus ve bunlarin tetikleme aninda
durdurulacagi 6ngoriilmiistiir.

e Bu islem yapilarak sinirdaki veya sinirdan daha iistte
bulunan aktiviteler belirlenmistir.

e Siras1 bozulmadan ve bitis siireleri fazla uzamadan bu
seviyenin Ustlindeki aktiviteler kaynak miktarlar az
olanlar olmak tzere toplam bolluklar1 6l¢iisiinde
otelemeler yapilmistir.

e Diger tim aktivitelerin diizenlenmesi ve kaynak
planlama grafigine-tablosuna islenmesiyle islemler
son isleme kadar devam edilmistir.

e Eger tekrar asir ylikleme yapilan aktiviteler varsa
Oteleme islemine geri doniilmesi saglanmistir.
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eEger tim  aktiviteler  siliresinde  basariyla
tamamlaniyorsa tetikleme noktasini diisiirmek icgin
geri doniilmiis ve islem siirelerini ileriye dtelemeden
vazgecilmistir.

e Eger bu adimlarda basarisiz olunursa en son yapilan
diizenleme kabul edilerek islemler tamamlanmis ve
tetikleme seviyesinde eger daha uygun bir durum
yakalanamazsa son durum nihai sonug¢ kabul edilerek
yeni is programi ve zaman ¢izelgelemesi
tamamlanmistir.

Bu islemler son islem 6telemesine kadar her defasinda
tekrarlanir. Her denemede farkli sonuglar elde edilmesi

Cizelge 2. Projelere ait Tahmini imalatlarin Miktarlar
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kacinilmazdir. Bu sebepten deneme sayisi arttirilarak en
uygun sartlar kabul se¢ilmelidir.

3. Uygulama

Calismada, uygulamaya esas olan projeler 3 adet olarak
Eskisehir ilinde insasi diisliniilen ve ruhsat asamasinda
olan projelerden sec¢ilmistir. Birbirinden uzak
parsellerde insa edilecek bu projelerde kullanilmasi
gerekli isgiicii sayilarinin belirlenebilmesi icin baz
imalat miktarlar1 proje lizerinden ¢ikarilmis, bazilari da
piyasada siklikla kullanilan birim imalat miktarlari ve
adam/saat degerleri kullanilarak hesaplanmistir
(Kuruoglu ve Bayoglu, 2001). Projelere ait tahmini
imalat miktarlari Cizelge 2’de verilmistir (Avdan, 2022).

Birim - . . . .
imalat Listesi .imalat Birim Bl;’)::)];;i;re Sg;:;:ge Y;:;}fsrilt lgﬁ:ﬁ:
Miktarlari

Betonarme Betonu 0,38 m3 /m2 205.2 380,00 627,00 m3
Betonarme Demiri 34,00 kg/m? 18,36 34,20 56,10 ton
Kalip 2,60 m? /m? 1404,00| 2600,00| 4290,00 m?2
Kalip iskelesi 2,80 m3 /m? 1512,00| 2800,00| 4620,00 m3
Is iskelesi 1,43 m2/m? 772.2| 1430,00 2359.5 m2
Tugla Duvar 0,15 m? /m? 81,00 150,00 247.5 m?2
i¢ Siva 2,40 mZ/m?2 1296,00 | 2400,00| 3960,00 m?2
Dis Siva 1,30 m2/m? 702,00 | 1300,00| 2145,00 m?2
Tavan Sivasi 0,90 mZ/m?2 486,00 900,00 | 1485,00 m?
Badana (i¢) 3,00 m2/m? 1620,00| 3000,00| 4950,00 m?2
Fayans- Seramik 0,30 m?/m? 162,00 300,00 495,00 m?
Ahsap Yap1 + Karkas 0,15 mZ/m?2 81,00 150,00 247.5 m?2
Ahsap Pencere 0,12 m?2/m? 64.8 120,00 198,00 m?2
Yagli Boya 0,42 mZ/m?2 226.8 420,00 693,00 m?2
Mozaik Doseme Kaplamasi 0,90 m?/m? 486,00 900,00 | 1485,00 m?2

Yapimi listlenen firmanin elindeki mevcut ve bu projede
kullanacag is giicii kaynak miktarlarinin kisith oldugu
kabul edilmistir. Isgiicii kaynaklarinin kisith olmadig
durum ic¢in olusturulacak is programlari MS Project
yazilimi kullanilarak yapilmistir. Hesaplamalarda giin
de 8 saat, haftada 6 giin ¢alisma yapilacagr kabul
edilerek hesaplamalar yapilmistir.

Kaynaklarin kisithlign ile ilgili c¢alisma tamamen
ytklenimi Gistlenmis olan firma 6z kaynaklar: ve isgiicii
kaynaklarinin durumuna gore belirlenmis olup elde
edilen Isgiicii Kaynak Miktarlar ortak is giicii havuzu
Cizelge 3'de gosterilmistir.

Her imalatin toplam imalat siireleri bulunmus ve bu
slirelere gore isgiicii kaynaklar kisith olmadan is
programlari olusturulmustur. Olusturulan is
programlarin belli bir kismi Cizelge 4’de verilmistir.

Isgiicii kaynaklarinin kisith oldugu durum dikkate
alindiginda; imalatlarin yapiminda kullanilan isgiici
kaynaklarina daha fazla ihtiya¢ duyulacaktir. Fakat
isgilicii kaynaklarinda kisit kabul edildiginde imalatlarda
olusan asir1 ylikleme yapilmis (fazladan kaynak ihtiyaci
dogmus) ve ayni zaman dilimi igerisinde baslayan
imalatlarda isgiicii miktarlarinda olusacak cakismalar
karsimiza ¢ikacaktir. Asagida Sekil 1'de goriildiigu tizere
proje baslangi¢ tarihlerinin ayni olmasi sebebiyle
projelerdeki baslangic faaliyetlerinde basta olmak lizere
bircok imalatin yapiminda kullanilacak olan ortak
kaynak havuzu kullanilmasi sebebiyle kirmiziyla
isaretlenmis cakismalar yasanmaktadir.
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Cizelge 3. U¢ Projede Kullanilacak Isgiicii Kaynak Miktarlar (Ortak Is giicii Havuzu)

Kaynak Adi

KAYNAK SINIRSIZ Adet

KAYNAK KISITLI Adet

Kalip Ustasi

Demir Ustasi

Duvar Ustasi

Diiz is¢i

Ekskavator

Kamyon

Elektrik Ustasi

Siva Ustasi

Sap Ustasi

Cat1 Oluk Ustasi

Tesisat Ustasi

Hlwinjoo|utldd(w| V| |(wO|u

NN NSNS w]|w

Cizelge 4. Projeye Ait Isgiicii Kaynak Kisith Olmadan Yapilan Is programlari

Biiyiikdere Projesi

Sirintepe Projesi

Yenikent Projesi

Gorev Adi
Siire | Baslangi¢ Bitis Siire | Baslangi¢ Bitis Siire | Baslangi¢ Bitis
PROJE 79giin | 01.04.22 | 20.07.22 | 101 giin | 01.04.22 | 19.08.22 | 149 giin | 01.04.22 | 26.10.22
KABA IMALATLAR 73 gin | 01.04.22 | 12.07.22 | 96gin | 01.04.22 | 12.08.22 | 149 giin | 01.04.22 | 26.10.22
Temel 13 giin | 01.04.22 | 19.04.22 | 24 gin | 01.04.22 | 04.05.22 | 32giin | 01.04.22 | 16.05.22
Eski Binanin Yikim isleri 1 giin 01.04.22 | 01.04.22 5 giin 01.04.22 | 05.04.22 8gin | 01.04.22 | 08.04.22
Hafriyat 2 glin 04.04.22 | 05.04.22 5 giin 10.04.22 | 14.04.22 6 gilin 15.04.22 | 20.04.22
Temel tesviye betonu dokiimii | 1 giin 08.04.22 | 08.04.22 2 glin 20.04.22 | 21.04.22 | 3gin 27.04.22 | 29.04.22
Temel Yalitimi 1 giin 01.04.22 | 01.04.22 2 glin 18.04.22 | 18.04.22 3 giin 24.04.22 | 26.04.22
Temel Donati isleri 3 giin 11.04.22 | 13.04.22 | 4gin 22.04.22 | 25.04.22 | 5gin | 02.05.22 | 06.05.22
Temel Kalip isleri 2 glin 12.04.22 | 13.04.22 | 3gin 26.04.22 | 28.04.22 | 4gin | 05.05.22 | 10.05.22
Temel betonu 1 glin 15.04.22 | 15.04.22 | 1gin 02.05.22 | 02.05.22 1 giin 12.05.22 | 12.05.22
Mekanik Malzeme Dolgu 1 giin 18.04.22 | 18.04.22 | 1gin 03.05.22 | 03.05.22 1 glin 13.05.22 | 13.05.22
Bodrum Kat 23 gln | 20.04.22 | 20.05.22 | 23 giin | 05.05.22 | 06.06.22 | 31giin | 17.05.22 | 28.06.22
Zemin Kat 24 giin | 09.05.22 | 09.06.22 | 30gin | 24.05.22 | 04.07.22 | 32glin | 08.06.22 | 21.07.22
1.Kat 24 giin | 27.05.22 | 29.06.22 | 44gin | 14.06.22 | 12.08.22 | 32glin | 01.07.22 | 15.08.22
2. Kat 15giin | 04.07.22 | 22.07.22 | 20gln | 26.07.22 | 22.08.22
Bu projede 2. ve 3. kat yoktur.
3.Kat Bu projede 3. kat yoktur. 27 giin | 18.08.22 | 23.09.22
Dubleks Mansart Kati 13 giin | 16.06.22 | 04.07.22 8 giin 25.07.22 | 03.08.22 | 19giin | 06.09.22 | 30.09.22
Cati 6gin | 05.07.22 | 12.07.22 | 8giin | 03.08.22 | 12.08.22 | 14giin | 03.10.22 | 20.10.22
INCE iIMALATLAR 12 giin | 05.07.22 | 20.07.22 | 13 gln | 03.08.22 | 19.08.22 | 18giin | 03.10.22 | 26.10.22

Aciklama: Kaba imalatlar ana is gurubundan Temel imalatlar Grubunun detaylari bu ¢izelgede ayrintili gosterilmis olup diger ana imalat

gruplarinin detaylari gosterilmemistir.
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Sekil 1. Projelerde Olusan Isgiicii Kaynaklarinda Asir1 Yiikleme Olusan Tarih ve imalatlarin Bir Kism1

Cizelge 5. WIEST Kaynak Dengeleme Yontemi Uygulandiktan Sonraki Is programlari

Biiyiikdere Projesi Sirintepe Projesi Yenikent Projesi
Gorev Adi
Siire Baslangic Bitis Siire Baslangic Bitis Siire Baslangic Bitis
PROJE 101gin | 01.04.22 19.08.22 119 giin 04.0422 | 15.09.22 | 180gin | 05.04.22 12.12.22
KABA 96gin | 01.04.22 12.08.22 119 giin 04.0422 | 150922 | 174gin | 05.04.22 07.12.22
iMALATLAR gu O o gu P e gt O e
Temel 24gin | 01.04.22 04.05.22 36 giin 04.0422 | 23.0522 | 52gin | 05.04.22 15.06.22
Eski Binanin | o i 01.04.22 05.04.22 6 giin 06.0422 | 11.0422 | 14gin | 12.04.22 23.04.22
Yikim Isleri
Hafriyat 5 giin 08.04.22 13.04.22 9 giin 15.04.22 | 23.0422 | 12gin | 16.04.22 28.04.22
Temel tesviye
betonu 2 giin 08.04.22 09.04.22 3 giin 10.05.22 | 12.05.22 Sgin | 13.05.22 17.05.22
dokiimii
Temel . . .
Valtin, 2 giin 18.04.22 19.04.22 2 giin 03.0522 | 04.05.22 3gin | 13.05.22 15.05.22

Temi‘;ll?r‘imat‘ 1 giin 15.04.22 15.04.22 2 giin 11.05.22 | 12.05.22 3giin | 23.05.22 25.05.22

Ter?;tﬁahp 2 giin 18.04.22 19.04.22 3 giin 13.05.22 | 17.05.22 4giin | 03.06.22 08.06.22

Temel betonu | 1 giin 02.05.22 02.05.22 1 giin 19.05.22 | 19.05.22 1gin | 10.06.22 10.06.22

Mekanik
Malzeme 1 giin 03.05.22 03.05.22 1 giin 20.05.22 | 20.05.22 1gin | 13.06.22 13.06.22
Dolgu
BodrumKat | 23gin | 05.05.22 06.06.22 26 giin 260522 | 300622 | 62gin | 22.06.22 15.09.22
ZeminKat | 30 gin 240522 | 04.07.22 34 giin 16.06.22 | 02.0822 | 50gin | 15.07.22 22.09.22
1. Kat 44 giin 14.06.22 12.08.22 45 giin 8.07.22 8.09.22 37gin | 10.08.22 29.09.22
2. Kat 15 giin 29.07.22 | 18.0822 | 20gin | 09.09.22 06.10.22
Bu projede 2. ve 3. kat yoktur.
3.Kat Bu projede 3. kat yoktur. 27 giin 04.10.22 9.11.22
Dubleks N . .

Mansart Katy | 8 80 25.07.22 | 03.08.22 20 giin 19.08.22 | 15.09.22 | 19gin | 21.10.22 16.11.22
cati 8 giin 03.08.22 12.08.22 8 giin 30.0822 | 08.09.22 | 14gin | 17.11.22 06.12.22
INCE " . ,

iIMALATLAR | 13gin | 03.0822 19.08.22 13 giin 30.0822 | 15.09.22 | 18gin | 17.11.22 12.12.22

Aciklama: Kaba imalatlar ana is gurubundan Temel imalatlar Grubunun detaylar1 bu ¢izelgede ayrintili gosterilmis olup diger ana imalat

gruplarinin detaylar1 gosterilmemistir.

585



ESOGU Miih. Mim. Fak. Dergisi 2023, 31(1), 580-589

4. Bulgular

WIEST Kaynak Dengeleme Yontemi kullanilarak ortak
isgiici kaynak havuzunda mevcut olan kaynaklarin
dengeleme yapilmadan ve yapildiktan sonra olusan
isgiicii kaynaklarina gore yapilan is programlarina
degisme oldugu gozlemlenmektedir. Bu durum proje
slirelerinin artmasina neden olmustur. Cizelge 4’'de
gosterilen dengeleme yapmadan 6nceki proje is siireleri
ile Cizelge 5’de gosterilen dengeleme yapildiktan
sonraki proje is strelerindeki degisim miktarlar
asagida Cizelge 6’de gosterilmistir.

Cizelge 6. WIEST Kaynak Dengeleme Yo6ntemi
Kullanilmasindan Oncesindeki ve Sonrasindaki Proje
Siirelerindeki Degisim

Proje Ad1 gﬁlclgseileme SD:::f:slfme Fark

Erél;ls(:i ere 79 giin 101 giin 22 giin
iirr;;m:;pe 101 giin 119 giin 18 giin
gﬁgiif;nt 149 giin 180 giin 31 giin

Proje stirelerinde olusan degisimler dikkate alindiginda
olusan oOtelemeler sonunda 3 farkli proje igin
olusturulan santiyelerin bu siireler kadar daha aktif
olarak calismasi gerektigi bunun da santiye isletme
giderlerinin artmasina yol acacaglr goriilmektedir.
Santiye isletme giderlerinde olusan toplam proje
maliyetlerine gelen fazladan maliyet yiikleri piyasa
sartlarina bagh olarak hesaplandiginda olusan maliyet
artislar1 Cizelge 7’de gosterilmistir. Bu cizelgede
hesaplanan degerlerin elde edilmesinde kullanilan
giinliik santiye isletme giderleri yiiklenimi tstlenen
firmanin daha ondeki yapmis oldugu islerden elde
ettikleri degerler kullanilarak (Projelerin baslangi¢ ay1
gore degil 2022 yili Haziran aymna karsilik olarak)
yaklasik degerler olarak alinmis olup Cevre, Sehircilik ve
Iklim Degisikligi Bakanligi Insaat Birim Fiyatlar
kullanilmamustir.

Cizelge 7. Santiye Giderlerinde Olusabilecek Maliyet
Artiglan

Proje Giinliik Malivet
Proje Ad1 Siiresindeki | Santiye Arti );al‘l
Artis Giderleri 5
Biiyiikdere . .
Projesi 22 glin 450 TL/glin 9900 TL
Sirintepe . .
Projesi 18 giin 600 TL/glin 10800 TL
Yenikent . .
Projesi 31 glin 750 TL/gln 23250 TL

Proje siirelerinde artis olmasi sebebiyle santiye genel
giderlerinde artis olmasi uygulamada sanki maliyetleri
artiran unsur olmasina ragmen kaynaklarin kisith
tutulmasindan kaynakli oldugunun unutulmamasi
gerekir. Halbuki kaynaklar kisith olmadan yapilan
planlamada daha fazla kaynak kullanilmasi durumu
maliyeti artirdigini gézlemleyebiliriz. Kaynaklarin kisith

] ESOGU Eng. Arch. Fac. 2023, 31(1), 580-589

olmas1 durumunda atil kaynak kullanmak yerine
mevcut elde olan kaynaklar1 kullanmanin avantajli
oldugunu WIEST Kaynak Dengeleme Yontemi
uygulandiktan sonra gorebilmekteyiz. Cizelge 8’de
kaynak kisithh olmadan ve kaynak kisith olmasi
durumunda yani WIEST Kaynak Dengeleme Yontemi
uygulamadan o6nceki ve sonraki durum i¢in yapilan
temel grubunu olusturan imalatlarda ortaya cikan
maliyet azalislar1 gosterilmistir.

Kaynaklarin kisith tutulmasi ve bu kaynaklarla
imalatlarin yapilabilme slirelerinin yeniden
hesaplanmasiyla olusturulan ve Cizelge 8'de gosterilen
sonuclara gore; temel grubu imalatlari i¢cin dengeleme
oncesi 465450 TL'lik isglici ve santiye genel gider
maliyeti hesaplanmistir. Bu santiyeler arasinda ortak
isglicli kaynaklarinin transferi i¢in Eskisehir ili 6zelinde
bir ek maliyet olusturmadig1 6ngoriilmiistiir. Dengeleme
sonrasinda ayni grup imalatlarda 129700 TL’lik bir
isglicii ve santiye genel giderlerinde azalma oldugu
hesaplanmistir. Buna goére sadece temel grubu
imalatlarinda yaklasik %27,88’lik bir maliyet azalmasi
olustugu goriilmektedir. Bu hesaplanan oranin sadece
kaba insaat kisminda olan maliyet azalmalari olduguna
dikkate edilmelidir. Tim imalatlar noktasinda
bakildiginda baz1 imalatlardaki isglicii maliyetlerin
arttift ancak genelde duruma gore ilk proje
maliyetlerine gére 6nemli bir oranda maliyet azalmasi
sagladigi goriilmektedir.

4, Sonuglar ve Oneriler

Insaat sektorii maliyet ve siire bakis agisindan en fazla
proje yonetim unsurlarina 6nem verilmesi gereken bir
sektordiir. Ozellikle kisith kaynaklar ile
gerceklestirilecek olan projeler insaat projeleridir.
Ustelik proje sayisi arttiginda ve ortak kaynaklarin
kullanilmasi durumunda zaten karmasik yapida olan ve
bir¢ok is aginin birbirine gectigi insaat sektériinde bu
kaynaklarin projelere tahsisi, maliyet ve zaman
acisindan cok bilyiik 6nem arz etmektedir. Ustelik cok
sayida projenin ayni yiiklenim altinda ve ayni zamanda
gerceklestirilmesinde ortak kaynak havuzlarinin
kullanimini proje maliyetlerine ve siirelerine yapacagi
olumsuz etkilerinin arastirilmasi ve yeni ¢6ziim
teknikleriyle proje yonetim unsurlari olusturulmasi
gerekmektedir.

WIEST Kaynak Dengeleme y6ntemi kullanilarak yapilan
bu c¢alismaya konu olan uygulamada elde edilen
sonuglar asagida siralanmistir:

o Kaynak kisith olmayan projelerde kullanilan 6zellikle
isglici kaynaklarmin kisith olmadigt durumlarda
santiye genel giderlerinin daha da artug
goriilmektedir.
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Cizelge 8. WIEST Kaynak Dengeleme Yéntemi Uygulamadan Onceki ve Uygulamadan Sonraki Baz1 Imalatlarda Olusan

Maliyet Degisimleri
WIEST KAYNAK DENGELEME YONTEMIi UYGULANMADAN ONCE (KAYNAK KISITI OLMADAN)
. Kullanilan | Kaynak Kullanim Santiye Giinliik Santiye Genel Maliyet
Imalat Toplam Siire Kaynaklar Giinliik Giderler Maliyet Giderleri Giderleri Toplam Azalmasi
Buytikdere 2 giin . . Biiytikdere 450 TL/glin 900 TL
Hafriyat [Venikent S gin | ?&ﬁﬁtﬁ ' 1238 ?iﬁiﬁi 8328 17001240000TTLL girintepe 600 TL/giin 3000TL| 180000TL
Yenikent 6 giin Yenikent 750 TL/giin 4500 TL
WIEST KAYNAK DENGELEME YONTEMI UYGULANDIKTAN SONRA (KAYNAK KISITLI) 48950 TL
Buytikdere 5 giin Biiytikdere 450 TL/glin 2250TL
Hafriyat |Yenikent9gin | gf;i‘;ﬁfr iggg %gﬁ N 83:3 2?288 ?ﬁ Sirintepe 600 TL/giin 5400 TL| 131050 TL
Yenikent 12 giin Yenikent 750 TL/gilin 9000 TL
WIEST KAYNAK DENGELEME YONTEMIi UYGULANMADAN ONCE (KAYNAK KISITI OLMADAN)
Buytikdere 1 giin Biiytikdere 450 TL/glin 450 TL
Yikim ' - 3 Ekskavatér | 1800 TL/giin (adet) | 75600 TL |— - 194250 TL
isleri |Yenikent5 giin 6 Kamyon |1300 TL/giin (adet) | 109200 TL |Sirintepe 600 TL/giin 3000 TL
Yenikent 8 giin Yenikent 750 TL/giin 6000 TL
WIEST KAYNAK DENGELEME YONTEMI UY GULANDIKTAN SONRA (KAYNAK KISITLI) 67900 TL
Buytikdere 5 giin Biytikdere 450 TL/glin 2250TL
Yikim 1 Ekskavator | 1800 TL/giin (adet) | 45000 TL
isleri |Yenikent6 gin 2Kamyon | 1300 TL/giin (adet) | 65000 TL |Sirintepe 600 TL/giin 3600 TL| 125350 TL
Yenikent 14 giin Yenikent 750 TL/glin 10500 TL
WIEST KAYNAK DENGELEME YONTEMIi UYGULANMADAN ONCE (KAYNAK KISITI OLMADAN)
Buytikdere 1 giin Biiytikdere 450 TL/glin 450 TL
G:oebnel:;n Yenikent 2 giin 6 Kalip Ustasi 500 TL/gin 18000 TL |[Sirintepe 600 TL/giin 1200TL| 21900TL
Yenikent 3 giin Yenikent 750 TL/glin 2250TL
WIEST KAYNAK DENGELEME YONTEMIi UYGULANDIKTAN SONRA (KAYNAK KISITLI) 450 TL
Biiytlikdere 2 giin Biiytlikdere 450 TL/giin 900 TL
G;roeb“;f;n Yenikent3gin |3 Kalip Ustast | 500 TL/giin 15000 TL [Sirintepe 600 TL/gin 1800 TL| 21450TL
Yenikent 5 giin Yenikent 750 TL/gilin 3750TL
WIEST KAYNAK DENGELEME YONTEMI UYGULANMADAN ONCE (KAYNAK KISITI OLMADAN)
Biiytlikdere 1 giin Biiytlikdere 450 TL/giin 450 TL
;r;l:,: Yenikent 2 giin 3 Diiz Isgi 350 TL/giin 6300TL g intepe 600 TL/giin 1200TL| 10200TL
Yenikent 3 giin Yenikent 750 TL/gin 2250 TL
WIEST KAYNAK DENGELEME YONTEMI UYGULANDIKTAN SONRA (KAYNAK KISITLI) 250 TL
Biiytlkdere 2 giin Biiytlikdere 450 TL/giin 900 TL
;r;:?,f,l, Yenikent 3 giin 1 Duz is¢t 350 TL/giin 3500TL |sirintepe 600 TL/giin 1800 TL| 9950TL
Yenikent 5 giin Yenikent 750 TL/gin 3750 TL
WIEST KAYNAK DENGELEME YONTEMI UYGULANMADAN ONCE (KAYNAK KISITI OLMADAN)
Biiytikdere 2 giin Biiytlikdere 450 TL/giin 900 TL
1;;';:;‘ Yenikent3gan | 5 Kalip Ustasi 500 TL/giin 22500 TL [g 600 TL /gin 1800TL| 28200TL
Yenikent 4 giin Yenikent 750 TL/giin 3000 TL
WIEST KAYNAK DENGELEME YONTEMI UYGULANDIKTAN SONRA (KAYNAK KISITLI) 6750 TL
Biiytlikdere 2 giin Biiytlikdere 450 TL/giin 900 TL
E‘Eg' Yenikent3gin |3 Kalip Ustasi | 500 TL/giin 15000 TL [Sirintepe 600 TL/gin 1800 TL| 21450TL
Yenikent 5 giin Yenikent 750 TL/gin 3750 TL
WIEST KAYNAK DENGELEME YONTEMI UYGULANMADAN ONCE (KAYNAK KISITI OLMADAN)
Buyiikdere 1 giin o Buytikdere 450 TL/giin 450 TL
;ﬁ,,m;'. Yenikent 2 giin ? 35::1“ 500 TL/gtin 27000 TL [girintepe 600 TL/giin 1200TL| 30900TL
Yenikent 3 giin Yenikent 750 TL/giin 2250 TL
WIEST KAYNAK DENGELEME YONTEMIi UYGULANDIKTAN SONRA (KAYNAK KISITLI) 5400 TL
Buytikdere 3 giin Buytikdere 450 TL/giin 1350 TL
;znm:tl, Yenikent 4 giin s BEZ;CI 500 TL/giin 18000 TL |sirintepe 600 TL/giin 2400 TL| 25500TL
Yenikent 5 giin Yenikent 750 TL/gin 3750 TL
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e Kaynaklarin kisith olmadigl durumlar i¢in yapilan
proje is programlarinda fazla kaynak kullaniminin proje
strelerinin azalmasina imkan saglamasina Kkarsilik
fazladan kaynak kullanimin maliyeti artirdigina isaret
etmektedir. Tekli proje bazli ¢alismalarda yapilan
uygulamalara bakildiginda siire ve maliyet agisindan
onemli faydalar elde edildigi bilinmektedir. Ancak ¢oklu
projelerin aym1 kaynaklarla ve ayni zamanlarda
gerceklestirilmesinde de bu faydalarin elde edilecegi
konusunda yeterli ¢alisma olmadigini1 gérmekteyiz.

¢ Buna karsilik kaynaklarin kisith olmasi durumunda ise
santiye genel giderlerinde 6nemli derecede azalmalar
saglandig1 goriilmektedir.

¢ Uygulamada kullanilan kaynaklar1 kisith projelerde,
WIEST Kaynak Dengeleme Yontemi ile dengeleme
yapildiginda; is giicli maliyeti acisindan fayda saglasa da
santiye genel tamamlanma siirelerini arttirdig:
gorilmustiir. Siirelerin artmasina karsilik 3 proje icin
kullanilan kaynaklarinin ortak olarak kullanilmasi ve
kisitli olmas1 halinde bile proje maliyetlerinde azalma
sagladig da gorilmektedir.

e Bu calismadaki uygulamaya esas projeler benzer
nitelikte konut tipi yap1 projeleridir. Bu projelerin siire
ve maliyet agisindan kiiciik 6l¢ekli projeler olmasi belki
burada siire uzamasina karsin maliyetlerde azalma
saglamis olsa da, biiylik projelerde bu durumun ayni
olacag1 soylenemez. Hatta konut tipi bina yapim
projeleri disinda biiyiik ve kapsamli birden ¢ok projenin
aynt anda ve ayni kaynaklarin kullanimiyla
gerceklestirilmesi durumunda da aym faydalar
verecegi konusu arastirilmasi gerekir. Ciinkii biiyiik
Olcekli projelerde olusacak olan santiye genel
giderlerinin daha fazla olacag, projelerin siirelerinin
artmas1 belki de proje maliyelerinin artabilecegi
durumu goz ardi edilmemelidir.

* Yapilan uygulamaya esas olan projelerin her ne kadar
kiicik Olgekli projeler olsa da kendi iglerinde
kiyaslandiginda kiiciik, orta ve biiyiik 3 proje oldugu
dikkate alindiginda, ilk baslangi¢ olarak kiictik, orta ve
biliyiik siralamasi1 dikkate alinarak projelerin ortak
kaynak havuzu kullandiklar1 ve kaynaklarin kisith
Calismada kullanilan projeleri kendi iclerinde biiyiik,
orta ve kiiciik siralamasi dikkate alinarak bir kaynak
dengeleme uygulamasi yapilmamistir. Eger yapilmis
olsa belki de daha faydali bir ¢alisma karsimiza ¢ikabilir,
daha olumlu sonuglar alinabilmesi beklenmelidir.

e Calisma sonucunda elde edilen bulgular is18inda
WIEST Kaynak Dengeleme ydntemiyle daha uygun bir
proje yonetimi gerceklestirilebilecegi goriilmektedir.

o Ozellikle ¢oklu insaat projelerinde kaynaklarin kisith
olmasi ve ortak kaynak havuzu kullanilacak projelerde
isglici  kaynaklarinin daha verimli kullanmasi
noktasinda 6nemli faydalar sagladigi goriilmektedir.

o Ozellikle proje siirelerinde artis olmasina ragmen
santiye genel giderlerinde artis olmasina ragmen proje
imalatlarin biiytik bir kisminda maliyet azalmasi
sagladigl, proje genel maliyeleri noktasinda o6zellikle
isglici kaynaklarinin maliyetlerin azalma sagladigy,
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daha verimli ve etkin bir santiye is programlari
olusturulabilecegi gériilmektedir.

* Daha biiytik 6l¢ekli ve konut dis1 projeler i¢in 6zellikle
¢coklu projeler igin ayni zaman diliminde ve aym

kaynaklarin kullanildig: projelerde fayda
saglayabilecegi konusunda yeni arastirmalar
yapilmalidir.
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Keywords Abstract

Water resources Global population growth is increasing the pressure on water resources day by day. At
Drinking water the same time, changes in land use, especially due to increased urbanization, affect
Population hydrological processes. Considering both population and urbanization, the management
Urbanization of water resources with the right planning becomes inevitable. In this study, the worst-
Land Use case scenario was handled and it was investigated how much more the city could meet

its water needs if the drinking water treatment plants in the provinces of Istanbul,
Ankara and Kocaeli were operating at full capacity. In the analyzes handled with the
current water losses, the population projections and the future change in the per capita
water need are revealed. According to the results obtained, it was determined that when
the existing drinking water treatment plants in Istanbul are used at full capacity, there
may be water shortages in 2039. Under the same conditions, it was determined that
Ankara would not be able to meet its water needs in 2036. In Kocaeli, it was determined
that in 2031, the existing facilities will be insufficient for the water demand. The results
of the study showed that the necessary measures should be taken immediately for the
water crisis, which is expected to be one of the most important problems of our country
in the future.

ICME SUYU ARITMA TESISLERININ KAPASITE BAKIMINDAN
DEGERLENDIRILMESI: iSTANBUL, ANKARA VE KOCAELI ORNEGi

Anahtar Kelimeler Oz

Su kaynaklari Kiiresel niifus artisi, su kaynaklart tizerindeki baskiyt her gegen gtin artirmaktadir. Ayni
Icme suyu zamanda 6zellikle de sehirlesmedeki artistan dolayi arazi kullanimindaki degisiklikler
Niifus hidrolojik siiregleri etkilemektedir. Hem niifus hem de sehirlesme g6z oniine alindiginda
Sehirlesme su kaynaklarinin dogru planlama ile yonetilmesi kacinilmaz hale gelmektedir. Bu
Arazi Kullanimi calismada en kétii senaryo ele alinarak Istanbul, Ankara ve Kocaeli illerindeki icme suyu

aritma tesislerinin tam kapasitede ¢calismasi durumunda sehrin su ihtiyacini ne kadar
daha saglayabilecegi arastirilmistir. Mevcut su kayiplari ile ele alinan analizlerde niifus
projeksiyonlari ile kisi basina su ihtiyacinin gelecekteki degisimi ortaya konmustur. Elde
edilen sonuclara gére Istanbul'daki mevcut icme suyu aritma tesisleri tam kapasite ile
kullanildiginda 2039 yilinda su sikintisi yasayabilecegi belirlendi. Ayni kosullar altinda
Ankara'nin 2036 yilinda su ihtiyacini karsilayamayacagi belirlendi. Kocaeli'de ise 2031
yilinda mevcut tesislerin su talebine yetersiz kalacagi belirlendi. Calisma sonuglari,
gelecekte tilkemizin en énemli problemlerinden biri olmasi beklenen su krizi icin gerekli
onlemlerin ivedilikle alinmasi gerekliligini gostermistir.
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1. Introduction

One of the most basic needs for human beings and other
living beings to survive is water. Water covers
approximately 71% of the earth's surface, with oceans
accounting for approximately 96.5% of this water
(USGS, 2019). In addition to playing an inevitable role in
the ecosystem, water resources also play a critical role
in the socioeconomic development of countries and
regions (McGinn et al,, 2021).

One of the main problems that mankind will face in the
future will be getting access to water. With the increase
in freshwater demand, freshwater scarcity poses a
serious threat to the sustainable development of human
society. Considering the potential effects of water
scarcity, it appears to be one of the biggest global risks
(Mekonnen & Hoekstra, 2016). Considering population
growth, economic growth, and many different factors, it
is seen that the pressure on water resources has
increased. It is predicted that many parts of the world
will face water scarcity due to factors such as global
population growth and climate change (Moya-
Fernandez et al,, 2021). In a study, it was determined
that approximately 4 billion people experience water
scarcity in at least one month of the year, and about half
of these 4 billion people live in India and China
(Mekonnen & Hoekstra, 2016).

In addition to the aforementioned factors such as
climate change and population growth, changes in land
use due to increasing urbanization, which contribute to
climate change, have a significant impact on water
resources by affecting the flow regime (Gashaw et al,,
2018). Rapid urbanization causes problems such as
insufficient water resources, a decrease in water quality,
and environmental pollution (Qin et al,, 2011). For these
reasons, rapid urbanization is one of the biggest
challenges to increasing water stress (Kog et al., 2020).
Since the population is one of the most important factors
in changes in land use due to urbanization, the
relationship between urbanization and the population
should be considered (Xu et al., 2020). For this reason,
in this study, besides examining the changes in
population and water demands, the relationship
between urbanization and population will also be
examined. In this study, population projections will be
made by using the population data of Istanbul, Ankara,
and Kocaeli provinces. The populations obtained will be
analyzed together with the projections of the water
consumption data, and it will be determined how
sufficient the current drinking water treatment capacity
of each province will be. At the same time, the
relationship between urbanization and population will
be revealed for the provinces mentioned. The results
from the study will offer the planners a chance to get a
general idea. Authorities will be able to benefit from this
study in the planning and management of water
resources as well as in the planning of drinking water
treatment plants.
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2. Material and Methods

2.1. Study Area

Istanbul, Turkey's most populous city and selected as
the European Capital of Culture in 2010, Ankara, the
capital of Turkey, and Kocaeli were chosen as the study
areas. The locations of the study areas are given in
Figure 1.
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Figure 1. Locations of Study Areas

2.2. Data Collection

2.2.1. Population Data

Population data for the study areas were obtained from
the Turkish Statistical Institute (TUIK) data (TUIK,
2022). Population data for the years 2000-2021 for
Istanbul, Ankara, and Kocaeli, which are also used in the
regression analysis, are given in Table 1.

Table 1. Population Data of Istanbul, Ankara, and Kocaeli

Istanbul Ankara Kocaeli
2000 11,076,840 3,889,199 1,192,053
2015 14,657,434 5,270,575 1,780,055
2016 14,804,116 5,346,518 1,830,772
2017 15,029,231 5,445,026 1,883,270
2018 15,067,724 5,503,985 1,906,391
2019 15,519,267 5,639,076 1,953,035
2020 15,462,452 5,663,322 1,997,258
2021 15,840,900 5,747,325 2,033,441

2.2.2. Drinking and Utility Water Data

Data on drinking and utility water were obtained from
annual reports published by each province's drinking
and sewerage administrations. These institutions are
the Istanbul Water and Sewerage Administration (ISKi)
for Istanbul, the Ankara Water and Sewerage
Administration (ASKi) for Ankara, and the Kocaeli
Water and Sewerage Administration (iSU) for Kocaeli
(ISKi, 2022a; ASKIi, 2022a; iSU, 2022). While estimating
the per capita water consumption in Istanbul and
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Ankara in the coming years by using the current data,
the equations in Figure 2 were used. Due to the sudden
changes in the per capita water consumption data of
Kocaeli, the regression analysis was not performed
because the determination coefficient obtained was
very small. Instead, the average per capita water
consumption in Kocaeli in 2003-2020 is taken, and it is
accepted that the average amount of consumption will
continue in the coming years.
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Figure 2. Per Capita Water Consumption in Istanbul and
Ankara

Water Consumption
(I/person/day)

= =

[o2} o

S S

[N
w
o

[

IN)

=]

Water Consumption

(I/person/day)

I )

B [=2) 0 o

o o o o
2013 EE———

2014 E——————— .
2015 .

200

2009
2021
2017
2018
2019
2020
2021

2.2.3. Land Use Data

The land use data for the study areas were obtained
from the Ministry of Agriculture and Forestry of the
Republic of Tiirkiye (TCTOB, 2022). At the same time,
satellite images of land use were obtained from the
Copernicus Land Monitoring Service (CLMS), which is a
part of the Copernicus Program (CLMS, 2022). Land
cover maps by year are given in Figure 3.

2.3. Methods

In this study, per capita water consumption was
calculated by dividing the total amount of water
supplied to the cities annually by the total population of
the cities. And with the regression analysis, population
projections and water consumption projections for the
study areas were obtained. The water loss rates
obtained for the cities examined in the study show the
total water loss. While considering the worst-case
scenario, it has been calculated how long the cities can
be sustained without facing a water shortage if the
water treatment facilities already in place in the
provinces under consideration are operating at full
capacity. In order to analyze this situation, it is
necessary to make a projection of the data for the
coming years. For this reason, it is of great importance
to analyze the data in the most accurate way statistically.
Regression analysis is a statistical tool used to examine
the relationship between two or more variables
(Angelini, 2019).
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Figure 3. Land Cover Maps by Year

In this study, different regression models (simple linear,
exponential and power) were used while performing the
regression analysis. The reason for this is to achieve
statistically more accurate results. The coefficient of
determination (R2%), a concept belonging to regression
analysis, is a measure of the rate of variance explained
by the regression model (Di Bucchianico, 2008).
Accordingly, in the study, the coefficients of
determination of the relations between the variables
were calculated for different regression models, and the
regression model with the highest coefficient of
determination was used. This process was applied
separately in each study area when determining the
water consumption and population projections. This
method has also been used in different studies (Kog et
al, 2017). At the same time, correlation analysis was
carried out to reveal the relationship between
population and urbanization in the study. In addition,
the P-value was calculated by performing a hypothesis
test to reveal the statistical significance of the data. The
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path followed in the study is given schematically in
Figure 4.

Study Area
| l

Land Use
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Per Capita Water Consumption

Regression Analysis Correlation Analysis

ater to be Requested from Existing The Relationship between
Facilities Population and Urbanization

Evaluation of the Results
Obtained

Figure 4. Flowchart of the Study

3. Results and Discussion
3.1. Results

3.1.1. Istanbul

As aresult of the analysis carried out for the province of
Istanbul, it has been concluded that even if the existing
drinking water treatment plants in the province are
operated at maximum capacity, there may be a water
problem between 2038 and 2039. Figure 5 shows the
amount of water per capita and water consumption per
capita in Istanbul by year.
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Figure 5. Amount of Water Per Capita and Per Capita
Water Consumption in Istanbul by Years

When Figure 5 is examined, it is seen that the amount of
water per capita decreased due to the increase in
population. At the same time, the projection made
depending on the amount of water consumed per capita

J ESOGU Eng. Arch. Fac. 2023, 31(1), 590-598

between 2007 and 2021 in Istanbul has an increasing
trend.

Istanbul will have a population of approximately 20
million at the beginning of 2038. At the same time, the
amount of water per capita for this year is 244.9 1/day.
Per capita water consumption is expected to be 242.8
1/day in the aforementioned year. Hence, in 2038, a
person's daily water needs can hardly be supplied. The
amount of water demanded by a person during the year
will become unaffordable by the existing facilities.

It is known that while the loss-leakage rate in Istanbul's
drinking water network was 23.61% in 2017, it
decreased to 20.52% in 2021 (iSKi, 2022b).
Unfortunately, if water losses continue at this level and
the capacities of the existing treatment plants are not
increased, a water shortage in Istanbul may occur in
2038. Efficient use of the city's water resources is of
great importance with the efforts to reduce network
losses. Drinking water network losses have been
reduced below 10% in developed countries (TCOSB,
2017). If the network losses for Istanbul can be reduced
to these levels, the current capacity will be sustainable
until 2045.

In the simplest definition, urbanization is the process of
increasing the number of people migrating from the
countryside to the city, and it leads to the increase of
artificial areas both vertically and horizontally (Hassan
Rashid et al, 2018). The relationship between
population and urbanization in Istanbul is given
graphically in Figure 6.
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Figure 6. Population and Urbanization in Istanbul by
Years

While Istanbul had an artificial area of 71,983.09 ha in
1990, this figure reached 101,636,89 ha in 2000. This
shows an increase of approximately 41%. If we look
more recently at Figure 6, in 2018, artificial areas cover
22.65% of Istanbul, with an area of 123,766.03 ha. This
figure also constitutes the highest artificial area in the
examined years.
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A correlation analysis was performed using the data
given in Figure 6. The correlation coefficient obtained
to reveal the relationship between population and
urbanization is 0.96. In order to reveal the statistical
significance of the relationship, hypothesis testing was
performed and the P-value was calculated (Asuero, etal,,
2006). The P-value of the relationship was found to be
0.038<0.05. This situation reveals that the relationship
is statistically significant.

3.1.2. Ankara

As a result of the analysis, it has been determined that
Ankara will not be able to meet its water needs in
approximately 2035, even when the existing drinking
water treatment plants in Ankara are operating at
maximum capacity. Despite this, the year 2035, which is
predicted to experience water shortages, is a very close
date. Therefore, the number or capacity of drinking
water treatment plants should be increased as soon as
possible. In Figure 7, per capita water consumption and
per capita water amounts are given in Ankara by year.
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Figure 7. Amount of Water Per Capita and Per Capita
Water Consumption in Ankara by Years

In Figure 7, per capita water consumption in 2021 is
236.14 1/day. The daily amount of water per person for
the same year is 334.70 1. Therefore, the amount of
water demanded per person in 2021 can be easily met.
However, in Ankara, which is expected to have a
population of more than 7 million in 2035, the per capita
water consumption is 269.5 1/day, while the per capita
water amount is 272 1/day. By 2036, the city's water
needs will no longer be met. In the calculations made
according to the reports of the Ankara water
administration, the current water network losses are
37.25%. This rate is quite high. The relevant
municipality is planning to reduce it to 30% in the first
stage and then to 25% in target planning related to
reducing losses. However, considering that this rate is
around 10% in developed countries, it can be said that if
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this rate is reduced to these levels, there will be no water
shortage until 2063 with the current capacity.

In Figure 8, populations and artificial areas in Ankara
are given by years.
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Figure 8. Population and Urbanization in Ankara by
Years

It can be seen in Figure 8 that urbanization (artificial
areas) has increased continuously in Ankara. While the
artificial zone area of Ankara was 55,045.59 ha in 1990,
this area was 100,780.73 ha in 2018. This shows that
urbanization has increased by more than 80% in 2018
compared to 1990. From 2012 to 2018 alone,
urbanization in Ankara increased by about 13%.

A correlation analysis was performed using the data
given in Figure 8. The correlation coefficient obtained
to reveal the relationship between population and
urbanization is 0.98. In order to reveal the statistical
significance of the relationship, hypothesis testing was
performed and the P-value was calculated. The P-value
of the relationship was found to be 0.012<0.05. This
situation reveals that the relationship is statistically
significant.

3.1.3. Kocaeli

The total capacity of the existing drinking water
treatment plants in Kocaeli is 579,900.00 m3/day. It has
been observed that even in the case of these facilities
operating at full capacity, Kocaeli province may
experience water shortages in the near future. In
Kocaeli, which may experience water shortages shortly,
the per capita water amounts and per capita water
consumption by year are given in Figure 9.
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In Figure 9, per capita water consumption in Kocaeli has
not changed over the years and is 219 1. This is because
sudden changes in consumption data and a strong linear
or exponential relationship between the data have not
been determined. Therefore, a projection based on the
regression analysis for water consumption was not
performed. Instead, an average of 18 years of water
consumption between 2003 and 2020 is taken. It is
accepted that water consumption will be at the same
level in the coming years. In 2021, while the water per
capita in Kocaeli is approximately 285 1/day, the water
consumption is 219 I. This means that the water demand
per capita is met. However, it has been calculated that
the amount of water per capita in 2030 will be 212.8
1/day. This figure is very close to the per capita water
consumption value of 219 1/day. Therefore, the water
demand in 2030 can hardly be met, but unfortunately,
the amount of water demanded per person during the
year will not be met. These calculations were made by
taking into consideration the current network losses of
Kocaeli (26%). Kocaeli water administration continues
to work to prevent water losses and leaks. While
network losses were 38% in 2016, it decreased to 26%
in 2021. However, further reduction of this rate will
make the existing drinking water capacity more
sustainable. If water losses are reduced to 10%, the
current drinking water capacity is expected to last until
2036.

Figure 10 displays statistics about Kocaeli's population
and urbanization in a graphical format.

In Figure 10, artificial zone areas in Kocaeli were
14,107.64 ha in 1990, while this area reached 30,309.62
ha as of 2018. At the same time, the correlation
coefficient obtained from Kocaeli's population and
urbanization data is given in Table 5.
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Figure 10. Population and Urbanization in Kocaeli by
Years

A correlation analysis was performed using the data
given in Figure 10. The correlation coefficient obtained
to reveal the relationship between population and
urbanization is 0.99. In order to reveal the statistical
significance of the relationship, hypothesis testing was
performed and the P-value was calculated. The P-value
of the relationship was found to be 0.009<0.05. This
situation reveals that the relationship is statistically
significant.

3.2. Discussion

In the report published by Kocaeli Water and Sewerage
Administration (ISU), it is stated that the city will need
255,000,000 m3 of water in 2040 (iSU, 2021). In this
study, the total water requirement in Kocaeli for the
same year was calculated as 269,000,000 m3. In the
drinking water and sewerage master plan report
prepared for Istanbul, it has been calculated by the
Cohort Component Technique that the population of
Istanbul will be around 21 million in 2053. In this study,
it was determined that Istanbul will have a population of
21 million in 2043. In the report published at the same
time, it is predicted that per capita water consumption
will be around 210 1/day in 2053. In this study, it is
calculated that this figure will be reached in 2028 (iSKi,
2022c). According to the report published for Ankara,
population estimation was made according to three
different scenarios to determine the population in the
coming years. According to these scenarios, the
population of Ankara in 2040 is expected to be between
7.8 million and 8.1 million. The population estimate for
the same year in this study is approximately 7.6 million.
According to the report, the per capita water
consumption estimate for the metropolitan city for
2030, based on three different scenarios, varies between
188 1/day and 267 1/day. In this study, per capita water
consumption for 2030 was estimated as 262 1/day. This
figure is closer to the 267 1/day value obtained from the
high consumption scenario in the report (ASKi, 2022b).
Therefore, the results obtained from the analysis in this
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study are similar to the results in the published reports,
especially in the reports published for Ankara and
Kocaeli.

The method applied to determine water consumption
and water demand in the coming years was used in a
different study (Kog et al., 2017). However, in the study,
network losses are taken into account in the analysis
with their current values. However, municipalities
continue to work on reducing network losses. In
addition, it should not be forgotten that the years when
water shortages are expected are for the worst-case
scenario, since the case of drinking water treatment
plants operating at full capacity is used in the analysis.
Many studies have been carried out on both the
determination and reduction of water losses (Ananda,
2019; Azevedo & Saurin, 2018; Saldarriaga & Salcedo,
2015). At the same time, researchers can achieve better
results if they can determine the actual operating
efficiency of drinking water facilities, which are
assumed to operate theoretically with 100% efficiency
in this study. In a study conducted in Chile, it was
revealed that this rate varies depending on
environmental factors, and only one of the facilities
examined in the study has more than 81% efficiency
(Molinos-Senante & Maziotis, 2022).

4., Conclusion

According to the results obtained in this study, it has
been determined that drinking water treatment plants
will not be able to meet the water needs of the
population in Istanbul, Ankara, and Kocaeli in 2039,
2036, and 2031, respectively. Especially for Kocaeli, the
results obtained from the study are quite worrying.
Therefore, the authorities should speed up their current
work on drinking water facilities in Kocaeli, taking this
work into account. The status of the existing drinking
water treatment plants in Istanbul and Ankara is better
than in Kocaeli. However, in all cities in the study,
planning should be done by taking into account the
increasing population and urbanization. Otherwise, the
water problem will become inevitable.

Water losses in these cities and in Turkey are quite high.
According to an official report published, it has been
revealed that the water loss rate in metropolitan
municipalities in Turkey is approximately 50% (TCKB,
2018). While the water loss rate is more than 35% in
Ankara in 2020 without including illegal uses, the total
water loss in Kocaeli is 28% for the same year (ASKI,
2021;1SU, 202 1).In 2019, the only physical water losses
in Istanbul are 20% (ISKI, 2022b). In this context, the
Ministry aims to create models that will provide
technical and financial support in order to reduce water
losses (TCKB, 2018). In a study conducted in 2019, it
was suggested that the total water loss worldwide in
2006 was 346 million cubic meters per day (Liemberger
& Wyatt, 2018). Considering the 6.5 billion world
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population in 2006, the per capita water loss is around
50 1/day (PRB, 2006). This shows that water losses are
a worldwide problem rather than a regional problem
that only concerns Turkey. Therefore, reducing water
losses is important for future generations to meet their
water needs. In order to achieve this, it is necessary to
increase the number of studies in this field and put them
into practice by the authorities (Al-Washali et al.,, 2016;
Al-Washali et al., 2020; Covas et al., 2008).
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Keywords Abstract

Metaheuristic Algorithms Many optimization problems are complex, challenging and take a significant amount of
Rao Algorithm computational effort to solve. These problems have gained the attention of researchers
Discrete Optimization and they have developed lots of metaheuristic algorithms to use for solving these

Traveling Salesman Problem  problems. Most of the developed metaheuristic algorithms are based on some
metaphors. For this reason, these algorithms have algorithm-specific parameters to
reflect the nature of the inspired metaphor. This violates the algorithm's simplicity and
brings extra workload to execute the algorithm. However, the optimization problems
can also be solved with simple, useful, metaphor-less and algorithm-specific parameter-
less metaheuristic algorithms. So, it is the essential motivation behind this study. We
present a novel metaheuristic algorithm called Discrete Rao Algorithm (DRA) by
updating some components of the generic Rao algorithm to solve the combinatorial
optimization problems. To evaluate the performance of the DRA, we perform
experiments on Traveling Salesman Problem (TSP) which is the well-known
combinatorial optimization problem. The experiments are performed on different sized
benchmark problems in the literature. The computational results show that the
developed algorithm has obtained high quality solutions in a reasonable computation
time and it is competitive with other algorithms in the literature for solving the TSP.

KOMBINATORYAL ENIYILEME PROBLEMLERININ ¢OZUMU ICIN PARAMETRESIZ VE
METAFORSUZ METASEZGISEL ALGORITMA ONERISi

Anahtar Kelimeler Oz

Metasezgisel Algoritmalar Pek ¢ok eniyileme problemi karmagsiktir ve ¢éziilebilmesi icin énemli miktarda
Rao Algoritmasi hesaplama ¢abasi gerektirmektedir. S6z konusu eniyileme problemleri arastirmacilarin
Kesikli Eniyileme ilgisini cekmis ve arastirmacilar bu problemlerin ¢éziimiinde kullanmak tizere bircok
Gezgin Satici Problemi metasezgisel algoritma 6nermislerdir. Gelistirilen metasezgisel algoritmalarin ¢ogu

metaforlara dayanmaktadir. Bu sebeple algoritmalar ilham alinan metaforlarin
dogasini yansitmak lizere parametre degerlerine sahiptirler. Bu durum algoritmanin
sade olan yapisint bozmakta ve algoritmayr c¢alistirmak icin fazladan is yiikii
getirmektedir. Ancak eniyileme problemleri sade, kullanisli, metaforsuz ve parametresiz
algoritmalarla da ¢ozdiiriilebilir. Bu ¢alismanin temel motivasyonu tam olarak séz
konusu sade ve metaforsuz algoritma tasarimidir. Bu c¢alismada kombinatoryal
eniyileme problemlerini ¢6zmek icin yeni bir metasezgisel yontem olan Kesikli Rao
Algoritmasi gelistirilmigtir. Kesikli Rao Algoritmasi (KRA) bilinen Rao algoritmasinin
bazi bilesenlerinde giincellemeler yapilarak elde edilmistir. KRA'nin performansi iyi
bilinen bir kombinatoryal eniyileme problemi olan Gezgin Satici Problemi (GSP) igin
degerlendirilmistir. Literatiirde yer alan farkli boyutlardaki test problemleri
kullanilmistir. Sonug olarak, gelistirilen algoritma ile makul ¢éziim siirelerinde yiiksek
kaliteli ¢6ziimler elde edilmistir ve gelistirilen algoritmanin GSP igin literatiirdeki diger
algoritmalarla yarisabilir nitelikte oldugu goriilmiistiir.
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1. Introduction

Optimization is the process of determining the
solution(s) that provide the best value for a given
objective function(s). That’'s why, the problems, the
optimal solution is tried to be obtained, are called
optimization  problems. These problems are
encountered in several areas such as industry,
engineering, science, finance etc. Optimization
problems are basically divided into two classes as
continuous and discrete with regard to the structure of
decision variables (Papadimitriou and Steiglitz, 1998).
In discrete optimization problems, decision variables
take integer values, while decision variables are
allowed to take continuous values in continuous
optimization problems. In the combinatorial
optimization problems which are in discrete
optimization decision variables are required to belong
to discrete set. This discrete set consists of objects
belonging to the problem. So, combinatorial
optimization problems can be defined as obtaining an
optimal solution within a finite solution space (set of
possible solutions) (Neos guide website, 2022). Some
of the best known combinatorial optimization
problems in the literature are knapsack problem,
traveling salesman problem, vehicle routing problem
and scheduling problem. According to the
computational complexity theory, all combinatorial
optimization problems are grouped under two classes,
P and NP-hard. P class problems are easy and a
polynomial time algorithm is available to obtain the
optimal solution for this problems. For instance,
shortest path, assignment and minimum spanning tree
problems are belonging to P class. On the other hand,
no polynomial time algorithm has not been discovered
yet for any NP-hard class problems. For all of the
problems in this class there exist exponential time
algorithms. In other words, it will be very time
consuming to solve larger instances of NP-hard
problems with guaranteed optimality.

Many researchers have concentrated their research on
combinatorial optimization problems. Thus, many
methods and algorithms have presented to the
literature in order to solve these problems. The
methods used in the solution of these kind of problems
are mainly divided into two classes: exact solution and
approximate methods (Talbi, 2009). Exact solution
methods guarantee obtaining the optimal solution.
Dynamic programming, branch and bound algorithm,
cutting plane method are the most frequently used
exact solution methods.

Approximate methods can generate high quality
solutions in a reasonable computation time and there is
no guarantee of obtaining the optimal solution (Talbi,
2009). Heuristic algorithms, which are a member of the
approximate methods, are categorized as problem-
specific heuristic algorithms and metaheuristic
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algorithms. Problem specific heuristics are tailored and
designed to solve a specific problem. For instance,
savings algorithm was proposed to solve the vehicle
routing problem, while shifting bottleneck algorithm
was developed to solve the job shop scheduling
problem.

Metaheuristic algorithms are high-level strategies that
guide problem-specific and local search methods to
achieve high quality solutions in search space (Hussain,
Mohd Salleh, Cheng, and Shi, 2018). These algorithms
have various mechanisms to get out of local optima in
the search space and are generally stochastic. The most
important feature of metaheuristics is that they
provide dynamic balance between two conflicting
criteria: diversification and intensification.
Diversification is exploration of the search space and it
is aimed to reach the non-explored regions.
Intensification is exploitation of the regions that
provide high quality solutions more thoroughly.

Challenging problems have gained the attention of
many researchers, and therefore, researchers have
developed plenty of metaheuristic algorithms to obtain
good solutions of these problems in reasonable time.
Accordingly, there are many different metaheuristic
algorithms in the literature. These proposed algorithms
were detailed reviewed, explained and classified by
Ezugwu et al. (2021), Singh and Kumar (2021),
Agrawal, Abutarboush, Ganesh, and Mohamed (2021).
The authors classified metaheuristic algorithms mainly
as single solution based and population based. While
the optimization process is performed using one
solution in single solution based algorithms, a
population of solutions is used in population based
algorithms. In fact, almost all single solution based and
population based metaheuristic algorithms are
metaphor based. That is to say, researchers were
inspired by some metaphors while developing these
algorithms. These algorithms are sampled below.

Evolutionary based algorithms are inspired by natural
evolution. Some of these are genetic algorithm
(Holland, 1975), memetic algorithm (Moscato, 1989),
genetic programming (Koza, 1992).

Swarm intelligence based algorithms are inspired by
behavior of animals in mating, foraging, etc. Some of
these are ant colony optimization (Dorigo, 1992),
particle swarm optimization (Kennedy and Eberhart,
1995), artificial bee colony (Karaboga and Basturk,
2007), monkey search algorithm (Mucherino and Seref,
2007), cuckoo search (Yang and Deb, 2009), firefly
algorithm (Yang, 2009).

Physics based algorithms are inspired by the rules of
physics. Some of these are simulated annealing
algorithm (Cerny, 1985; Kirkpatrick, Gelatt Jr, and
Vecchi, 1983), gravitational search algorithm (Rashed,i,
Nezamabadi-Pour, and Saryazdi, 2009), ray
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optimization algorithm (Kaveh and Khayatazad, 2012),
black hole algorithm (Hatamlou, 2013), water
evaporation optimization algorithm (Kaveh and
Bakhshpoori, 2016).

Human behavior based algorithms are inspired by
social behavior of human. Some of these are group
search optimizer (He, Wu, and Saunders, 2006), league
championship algorithm (Kashan, 2009), teaching
learning based optimization (Rao, Savsani, and
Vakharia, 2011).

As far as we know, all these metaheuristic algorithms
do not have obvious advantages over each other,
although researchers claim that their algorithms are
better. Because these algorithms are inspired by some
metaphors, and they have algorithm-specific
parameters. These parameters affect the performance
of metaheuristic algorithm. Thus, it is necessary to
determine the optimal values of the algorithm-specific
parameters to get quality results. In this case,
parameter tuning phase both increases the workload
and may causes bias when comparing the algorithms.

Taking into account all of these, (Rao, 2020) shows a
new metaheuristic algorithm, called as Rao Algorithm,
with algorithm-specific parameter-less and metaphor-
less. This algorithm is a population-based algorithm
and has only two parameters to use in solving any
problem. These parameters are population size and
stopping criteria of the algorithm which are standard
parameters for all population based metaheuristics.
Rao algorithm was applied to constrained and
unconstrained continuous optimization problems and
it is stated that it performs well. Therefore, this
algorithm has attracted the attention of researchers in
a short time. Researchers have applied this algorithm
to different fields such as design optimization of
mechanical system components (Rao and Pawar,
2020a), optimal power flow problem (Gupta et al,
2021) and optimal design of dome structures (Dede,
Atmaca, Grzywinski, and Rao, 2022). Moreover,
different kinds of Rao algorithm have been developed
such as evolutionary Rao algorithm (Suyanto, Wibowo,
Al Faraby, Saadah, and Rismala, 2021), self-adaptive
population Rao algorithm (Rao and Keesari, 2021),
modified Rao algorithm (Pham and Tran, 2022), quasi-
oppositional-based Rao algorithm (Rao and Pawar,
2020b), behavior selection Rao algorithm (Wei,
Ouyang, Wu, Li, and Zou, 2022).

The purpose of this study is to develop a new version of
the Rao algorithm to solve the discrete optimization
problems. This novel Rao algorithm can be called as
Discrete Rao Algorithm (DRA) and Traveling Salesman
Problem (TSP) was used to show the performance of
the developed algorithm. With this study, a metaphor-
less and algorithm-specific parameter-less algorithm
has been introduced to the literature to be used in any
discrete optimization problems.
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The following parts of the paper is structured as
follows: Rao algorithm, DRA and TSP are explained in
Section 2, computational results are presented in
Section 3 and Section 4 consists of conclusion and
future works.

2. Materials and Method

This study complies with scientific research and
publication ethics and principles.

2.1 Rao Algorithm

Rao algorithm was introduced to the literature by Rao
(2020). This algorithm is different from many
population-based metaheuristic algorithms in the
literature with regards to metaphor-less and
algorithm-specific parameter-less. The main idea of
this algorithm is to update the current solutions using
the best and worst solution information in the
population. In this way, neighbor solutions will be
generated. This algorithm was originally developed for
the solution of continuous optimization problems and
the success of the algorithm was demonstrated on
constrained and unconstrained continuous
optimization problems. Its flowchart is demonstrated
in Figure 1.

In the flowchart of the algorithm presented in Figure 1,
the first point to note is that there are only two
parameters to be determined. These are population
size and stopping criterion of the algorithm. After these
parameter values are determined, the initial solution
for all candidates of the population is generated. Next,
the neighbor solutions are generated for the candidates
in the population. If the obtained neighbor solution is
better than the current one based on the objective
function value, it is accepted and the current solution is
updated, otherwise it continues with the current
solution. When the stopping criterion of the algorithm
is met, the algorithm is stopped and the best solution in
the population is reported.

Three different equations are used to generate
neighbor solutions. These are presented below.

Xij: the value of the i variable for the j*" candidate
during the kMiteration.

X the value of the i" variable for the randomly
selected candidate | during the k™ iteration.

Xibestks Xiworsti: the value of the it? variable for the best
or the worst candidate during the k™ iteration.

Iji, Izjic:random numbers in the range [0,1] for the ith
variable during the k™ iteration.
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xi’jk = Xijk + Tk (Xibestk — Xiworstk) €Y)

xL{jk = Xijk + Tk (xibestk - xiworstk) +
Toi (|%ijre o7 x| — |k o7 X3k |) (2)

xi’jk = Xijk + rlik(xibestk - |xiworstk|) +
Tour (|%ijre o7 x| — Crige 07 x31)) 3)

Equation (1) generates a neighbor solution by sharing
the information of the population's the best and the
worst solutions to the current solution. On the other
hand, with Equations (2) and (3), a neighbor solution is
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generated by sharing information with the current
solution from the best, the worst, and randomly
selected solutions in the population. One of them is
selected and used in the structure of the algorithm. The
algorithm is named with regard to the equation to be
used as the neighbor search operator. It is called Rao-1
algorithm if Equation 1 is used, Rao-2 algorithm if
Equation 2 is used, and Rao-3 algorithm if Equation 3 is
used in the structure of the algorithm. As explained,
these algorithms are quite simple and can be easily
adapted to solve any continuous optimization
problems.

L Start

Determine the population size and
the stopping criterion of the algorithm

Generate initial selution for all
candidates in the population

Generate neighbor solution for all

candidates in the population with 3
determined equations

Yes

Accept and update current solution

[

Is the neighbor solution better than the current one?

Keep the current solution

Is the stopping criterion satisfied?

Report the best solution in the
population

Figure 1. Flowchart of the Rao algorithm

2.2. Traveling Salesman Problem (TSP)

In the 1800s, William Rowan Hamilton created the
groundwork for the TSP, which has been the subject of
several research to this day. TSP is obtaining the
shortest closed tour that allows a salesman to visit each

city in a given set just once. This problem is the most
well-known combinatorial discrete optimization
problem. TSP has various application areas such as
drilling of printed circuit boards, overhauling gas
turbine engines, x-ray crystallography, computer
wiring, the order-picking problem in warehouses and
vehicle routing etc. (Matai, Singh, and Mittal, 2010). In
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addition, it is the most notable Np-hard problem
(Laporte, 1992). That is to say, algorithms that can
solve the related problems in polynomial time are not
known yet. As the size of the problem increases, the
computation time also increases exponentially.
Researchers can get detailed information regarding the
types of TSP and solution approaches for these
problems from Gutin and Punnen (2006) and
Applegate, Bixby, Chvatal, and Cook (2011).

Mathematical model of TSP is given below.
Indices:

i,j =1{0,1, .., N} nodes (cities)
Parameter:

¢;j: distance value between i — j
Decision Variables:

o {1, If salesman goes fromito j
v o, otherwise

u; = sub — tour elimination variables

Model:

minZ = Y; ¥ ¢;jX;j “)
Yix; =1 vj )
Yix;=1 Vi 6)

ui—uj+nxl-an—1 Vl,] li],lZZ,]ZZ (7)

x;; € {0,1}, u;: free (8

Equation (4) is the objective function minimizing the
total travelled distance. Equations (5) and (6)
guarantee that each node (city) is just visited once.
Equation (7) prevents the sub-tours that proposed by
Miller, Tucker, and Zemlin (1960). Equation (8) shows
the sign constraints.

As the size of the problem increases, the time required
to solve the problem increases exponentially. So, this
problem belongs to the NP-hard class. For this reason,
researchers have proposed heuristic and metaheuristic
algorithm to solve it in a reasonable computation time.
Accordingly, we proposed a novel DRA to solve this
problem efficiently manner.

2.3. Discrete Rao Algorithm (DRA)

The generic Rao algorithm is developed for solving
continuous optimization problems. So, some changes
are needed in the structure of the algorithm in order to
use it in solving combinatorial optimization problems.
Since the generic Rao algorithm is algorithm-specific
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parameter-less, it will be sufficient to modify the
neighbor search process. The equations used as the
generating neighbor solution in the generic structure of
the algorithm are suitable for the continuous
optimization problems. Thus, we propose new
neighbor search operators to the algorithm. These
operators work well for permutation solution
representation used for combinatorial optimization
problems.

Four different neighbor search operators have been
proposed for DRA. These are detailed below.

Two-Point Crossover: This operator will be applied to a
randomly selected candidate for each iteration. The
information carried by the best or the worst solution in
the population will be transferred to the selected
candidate. Crossover points are randomly determined
for the selected candidate. The part between the
determined crossover points is preserved. The other
parts of the candidate are updated based on the order
of the best or the worst candidate. Please note that up
to half of the randomly selected candidate's
information should be updated by the best or the worst
solution.

Insert Operator: A randomly selected position value in
the current solution is inserted to the another
randomly generated position. This operator is applied
only for the best solution in the population. Thus, the
algorithm will continue to focus more on quality
solution areas.

Swap Operator: The values of two randomly selected
position are exchanged. This operator supports to the
intensification mechanism of the algorithm like insert
operator. So, it is also applied only for the best solution
in the population.

Reverse Operator: For other candidates in the
population (except for the randomly selected
candidates), the neighbor solution is generated by the
reverse operator. With this operator, two different
position points are randomly generated in the current
solution and the values between these points are
reversed. Therefore, it can make major changes to the
current solution. Thus, it prevents the algorithm from
getting stuck into the local best points.

By using the proposed operators, neighbor solutions
are generated for all candidates in the population in
each iteration. In other words, they are operated in
accordance with the basis of the generic Rao algorithm.
The flowchart of the DRA is shown in Figure 2.

Figure 2 indicates schematically the process of the
DRA. When the DRA flowchart is analyzed, it is clear
that it reflects the spirit of generic Rao algorithm.
Because it is algorithm-specific parameter-less and the
information from the best solution in the population is
employed during the generating neighbor solutions.
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Moreover, the proposed algorithm has insert, swap,
reverse and two-point crossover operators that will
provide intensification and diversification. Thus, the
dynamic balance between diversification and
intensification mechanisms of the algorithm will be
provided. One of the three operators (swap, insert,
reverse) is randomly selected to obtain a neighbor
solution from the best solution in the population. For a
randomly selected solution, the neighbor solution is
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generated by applying two-point crossover method
using either the best or the worst solution. For other
candidates of the population, the neighbor solution is
obtained using the reverse operator. By this way, all
current solutions in the population are updated and
new neighbor solutions are generated in each iteration
of the proposed algorithm. At the end, we can say that
the algorithm is ready for use in solving combinatorial
optimization problems with these components.

Determine the population size and the stopping criterion of the algorithm

Generate initial solution for all candidates in the population

Determine the best and the worst solutions of the population

Select one solution randomly from the population

Yes

v

Is it the best solution of the population?

No

Is it the selected solution?

v

(Generate neighbor solution for the best solution using a randomly|
selected operator from swap, insert or reverse operators

Generate neighbor solution for the selected solution using two point
crossover with the best or the worst solution of the population

Generate neighbor solution using reverse operator

Yes

Accept and update current solution

Is the neighbor solution better than the current one?

No

Keep the current solution

Is the stopping criterion satisfied?

No

Report the best solution in the
population

Figure 2. Flowchart of the DRA
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3. Computational Results and Discussion

The developed DRA algorithm is applied to solve the
TSP. The components of the algorithm are designed as
follows.

Solution  representation: = Permutation  solution
representation is implemented in accordance with the
TSP. An example of solution representation for TSP
with 7 cities is shown in Figure 3.

[3l7]s[1]afe[2]

Figure 3. Solution Representation of TSP

Evaluating the solution representation shown in Figure
3, the vehicle route is obtained as Depot - City 3 - City
7 - City 5 - City 1 - City 4 - City 6 - City 2 - Depot. So,
the length of this solution representation depends on
the number of cities.

Neighbor search operators: Neighbor search operators
in the structure of the proposed algorithm are
appropriate for permutation solution representation.
Figure 4 summarizes the working mechanisms of the
neighbor search operators used in the structure of the
proposed algorithm.

Swap Operator

Current

Solution 3 7 > 1 4 6 2

Suppose two randomly selected positions are 4 and 6.
Neighbor | 3 | 7 | 5 | 6 | 4 | 1 | 2
Solution

Insert Operator

Current

Solution 3 7 > 1 4 6 2

Suppose two randomly selected positions are 1 and 4.
Neighbor | | g1 4 | 3| 4 | 6 | 2
Solution

Reverse Operator

Current

Solution 3 7 5 1 4 6 2

Suppose two randomly selected positions are 2 and 5.
Neighbor | 3 | 4, | 1 | 5 | 7 | 6 | 2
Solution

Two Point Crossover

TheBest | o | 3 | 2 | 4 |5 | 7 | 1
Solution

Gurrent | g, | 5 | 1 | 4 | 6 | 2
Solution

Suppose two randomly selected positions are 2 and 4.
Neighbor | o 7 | 5 | 1 | 3| 2 | 4
Solution

Figure 4. The Working Mechanism of the Neighbor
Search Operators
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As can be seen from Figure 4, neighbor search
operators will be used as described in the previous
title.

Stopping criterion: The number of iterations is used as
the stopping criterion of the proposed algorithm.

The performance of the algorithm has been tested on
different sized test problems taken from the literature
(TSPLIB website). The information about these
problems and the determined values of population size
and number of iterations, which are the two
parameters of the algorithm used in the solution of
these problems, are shown in Table 1.

Table 1. Parameter Values of the DRA

Test Number Population oNfu mber
Problem of Nodes | Size Iteration
GR17 17 10 1000
GR24 24 10 1000
SWISS42 42 10 10000
GR48 48 10 10000
EIL51 51 10 25000
ST70 70 10 40000
EIL76 76 10 45000
KROA100 | 100 10 50000
EIL101 101 10 50000
KROA150 | 150 10 75000
XQG237 237 50 35000
PBL395 395 50 50000
XQL662 662 50 75000

In Table 1, the names of the test problems, the number
of nodes (cities) in the test problems, the number of
candidates to be included in the population and the
number of iterations are presented from the left
column to the right respectively. For instance,
KROA100 problem contains 100 nodes, and the
parameter values of the algorithm specified as
(population size, number of iterations) = (10, 50000).
As can be seen in Table 1, as the size of the problem
increases, the number of iterations required to solve
the problem has also increased. This is because as the
size of the problem increases, it becomes more difficult
to solve. Moreover, for large scale problems such as
XQG237, PBL395 and XQL662 the population size is set
to 50 in order to prevent the algorithm from getting
stuck into the local best points. In addition, the
mechanism of generating neighbor solution for these
problems is the same as in Figure 2 for the best and
randomly selected candidates, while it is different from
the structure in Figure 2 for other candidates in the
population. The neighbor solution for these candidates
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is obtained as follows; half of the candidates to be
selected randomly are replaced with the best solution
and then reverse operator is applied to these
candidates. Thereby, it is intended that the algorithm
can be able to better explore for quality solution
regions.

The suggested method was coded in Python 3.7 and
executed on an Intel Core i5 personal computer at 1.8
GHz with 8 GB of RAM. It has been run 10 times for
each test problem and the gap value have been
presented in Table 2. The gap value was calculated as
presented in Equation (9).

f(s) = The obtained objective function value with DRA.

f(s*) = The optimal objective function value.

Gap = (f(s) —f(s"))/f(s") €)
Table 2. Computational Results of the DRA
The The Computation
Test Optimal | Obtained | Gap Times
Problem Results Results (second)
GR17 2085 2085 - 0.272
GR24 1272 1272 - 0.363
SWISS42 1273 1273 - 5.965
GR48 5046 5046 - 6.434
EIL51 426 426 - 17.587
ST70 675 679 0.006 | 36.256
EIL76 538 546 0.016 | 46.935
KROA100 | 21282 21343 0.003 | 67.163
EIL101 629 638 0.015 | 68.454
KROA150 | 26524 27349 0.031 | 159.061
XQG237 1019 1074 0.054 | 950.607
PBL395 1281 1392 0.087 | 1509.308
XQL662 2513 2794 0.112 | 4602.709

The computational results of the test problems
obtained by the DRA are given in Table 2. In this table,
column 2 indicates the gap value between the DRA
algorithm’s solution and the optimal solution, column 3
shows the computation time of the algorithm in
seconds. Researchers can find the optimal solutions of
these problems from the TSPLIB website.

The optimal solution of the problems up to the 51
nodes was obtained by the DRA at a reasonable
computation time (less than 17 seconds). For the
problems with the number of nodes between 70 and
662, solutions can be obtained with acceptable
deviations from the optimal solution. Besides, the
quality solutions can be obtained in a short
computation time even for the large scale problems.
For the XQL662 test problem, which is the most
challenging one, quality solution could be obtained in
approximately 4602 seconds (1 hour 20 minutes) with
a deviation of about %11 from the optimal solution. For
the KROA150 test problem, high quality solution could
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be obtained in approximately 159 seconds with a
deviation of about 3% from the optimal solution.
Namely, the obtained results are promising and the
performance of the DRA is high for the TSP. It can be
interpreted that the proposed DRA is effective to solve
the TSP. In order to demonstrate the convergence
capability of the proposed algorithm, the convergence
graph of the DRA for KROA150 is indicated in Figure 5.

Objective Function Value

5000 15000 25000 35000 45000 55000 65000 75000

Number of Iteration

Figure 5. Convergence graph of the DRA

The objective function values on the y axis and the
number of iterations on the x axis are represented in
the graph. Since the optimal objective function value
(total traveled distance) of the KROA150 problem is
26524, the convergence pattern of the DRA is
presented to this value. In order to properly display the
algorithm's convergence graph, the section after the
5000th iteration of the algorithm is described, and the
obtained objective function values in this section are
exhibited. The convergence speed of the algorithm is
quite high, especially in the first 33% of the total
number of iterations. In other words, the algorithm
quickly reaches quality solutions. Then, it is clearly
seen that the convergence speed of the algorithm
decreases gradually as the number of iterations
increases. The reason for this is that the algorithm
reaches quality solution regions and tries to ensure
intensification in these regions. So, the developed
algorithm gets the high quality solutions.

4. Conclusion

In this study, a critical approach has been brought to
the metaheuristic algorithms used in solving difficult
problems in the literature. Such that most of the
metaheuristic algorithms in the literature are inspired
by some metaphors and have algorithm-specific
parameters. Therefore, the use of these algorithms
imposes an extra burden on researchers since it is
necessary to determine the values of algorithm-specific
parameters. Furthermore, as far as we know, the
superiority of these algorithms over one another has
not been proven yet. This has been the inspiration and
starting point for the research. So, Rao algorithm,
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metaphor-less and algorithm-specific parameter-less
metaheuristic method, has been discussed. Originally,
this algorithm was developed to solve the continuous
optimization problems. In this paper, we present a
novel metaheuristic algorithm called as DRA by
updating some components of the generic Rao
algorithm to solve the combinatorial optimization
problems. The performance of the developed algorithm
has been shown on TSP test instances. The obtained
results are promising and the developed algorithm has
obtained high quality solutions in a reasonable
computation time.

The developed algorithm has provided that high quality
solutions are obtained. However, since the information
of the best and worst solutions is used in the
generating neighbor solution stage, the population may
contain similar solutions. In this case, similar solutions
in the current population may need to be updated. In
addition, the proposed algorithm only accepts solutions
that improve the current solution. But, it may be
possible to benefit from the knowledge of solutions
that do not improve the existing solution by using the
probabilistic acceptance criterion. So, both the
diversity in the population is ensured and it becomes
possible to prevent the algorithm from getting stuck
into the local best points.

In summary, this study shows that researchers do not
have to use the metaphor based metaheuristic
algorithms to solve the combinatorial optimization
problems. Because, it has been proven that the
combinatorial optimization problems can also be
solved easily with simple, useful, metaphor-less
algorithm. This is a potential area for further research.

It may be useful to develop different versions of the
DRA and execute it to solve different combinatorial
optimization problems in future works.
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