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Derin 6grenme (Deep Learning-DL), birgok alanda 6nemli basarilar elde etmis gii¢lii bir makine
ogrenmesi yontemidir. Ozellikle son on yilda, bilgisayarli gorii, nesne tanima, konusma tanima,
dogal dil isleme gibi bir¢ok aragtirma alaninda basarili sonuglar elde ederek, yapay zekanin derin
uykudan uyanmasina yol agmustir. Gliniimiizde, ¢esitli alanlardaki bircok arastirmaci, DL
yontemlerini kullanarak alanlarinda en iyi sonucu almaya ¢aligmaktadir. Bu tarama ¢aligsmasinda,
DL modelleri ve DL ile ¢alisilabilecek 6nemli arastirma konulari hakkinda bilgiler vererek
arastirmacilara rehberlik etmeyi hedefliyoruz. Calismada Ozerk Araglar (Autonomous Vehicles),
Dogal Dil Isleme (Natural Language Processing), El Yazis1 Karakter Tanima (Handwritten
Character Recognition), imza Dogrulama (Signature Verification), Ses ve Video Tanima (Voice
and Video Recognition), Tibbi Goriintii isleme (Medical image Processing), Biiyiikk Veri (Big
Data) gibi diinyanin en popiiler ve en zorlu alanlarinda yapilan DL ¢alismalarini inceliyoruz.
Ayrica, aragtirmacilara yardimei olmak igin, inceledigimiz bu alanlardaki DL ile ¢alisilabilecek,
heniiz ¢alisilmamis veya yeterince iyi sonuglar elde edilememis problemlere dikkat ¢ekerek olasi
arastirma konularini listeliyoruz. Giiniimiizde, Derin 6grenme yontemleri nesne tanima alaninda
insanlardan daha iyi sonuglara ulagsmistir. DL {izerine yapilan calismalar dikkate alindiginda, bu
basarinin otonom araglar, tibbi goriintii isleme, biiyiik veri analizi ve karakter tanima gibi alanlarda
da gergeklesecegi ongoriilmektedir.

https://dx.doi.org/10.30855/gmbd.2019.03.01
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Deep learning (DL) is an important machine learning field that has achieved considerable success
in many research areas. In the last decade, the-state-of-the-art studies on many research areas such
as computer vision, object recognition, speech recognition, and natural language processing were
especially led to the awakening of the artificial intelligence from deep sleep. Nowadays, many
researchers try to find solutions to many problems in various fields under the light of DL methods.
In this study, it is presented important knowledge to guide about DL models and challenging topics
that can be used in DL for researchers. This study investigated DL studies which are made in the
most popular and challenging fields such as autonomous vehicles, natural language processing,
handwritten character recognition, signature verification, voice and video recognition, medical
image processing, and big data. Furthermore, this study points out the remaining challenges of
these research areas that can be solved by DL, and discusses future topics to help the researchers.
In the present day, Deep learning methods have reached better results than humans in object
recognition. According to the literature studies on DL, It is foreseen that this success will be
achieved in areas such as autonomous vehicles, medical image processing, big data analysis, and
character recognition.

https://dx.doi.org/10.30855/gmbd.2019.03.01




189

Yapici, Tekerek, Topaloglu / Gazi Miihendislik Bilimleri Dergisi 5(3). (2019) 188-215

1. INTRODUCTION (GiRis)

In last decades, Artificial Neural Network (ANN)
based Machine Learning (ML) approaches have
driven advances in many different research areas [1—
24]. The use of Deep Learning (DL) methods, which
are the multi-layered structure of ANNs along with the
improvements of GPU technology, have accelerated
these advances. Furthermore, DL approaches have
significantly outperformed state-of-the-art approaches
in many fields such as object recognition [1, 3, 7, 9,
25, 26], image processing [11, 27-32], computer
vision[33-36], speech recognition [37-39], natural
language processing (NLP) [10, 21, 27, 40-42],
character recognition [5, 30, 43-46], signature
verification [2, 6,47-51]. Although the foundations of
DL were based on ANN proposed by McCulloch and
Pitts in 1943 [52], the real popularity has increased in
2012. Multilayer neural networks have been
unsuccessful for a long time as they have consistently
achieved a local optimal solution. In addition, interest
in multi-layered neural networks has not been more
significance for a long time because the processing
power of big data had increased too much. In 2006,
Hinton et al. [53] proposed a two-stage strategy for
training DL effectively, which are pre-training, and
fine-tuning with respectively. This was the first step
to increased interest in DL. In 2012, Krizhevsky et al.
[54] achieved a great success by improving the Top-5
error rate from 26.2% to 15.3% in the ImageNet
competition which is the most import competition in
the object recognition field. This success achieved
great reactions in the academy, and increased interest
in DL. Besides the academic communities, many
technology companies also contribute to the
development of DL approaches by supporting. Many
companies, such as Google [55, 56], Facebook [57],
Microsoft [58, 59] and NVIDIA [60, 61] have
developed their own DL frameworks and released
them as open source software so that researchers
working on this area can develop new DL models. The
success of DL is attributed to its high representational
ability of input data, by using various layers such as
Fully Connected (FC), Dropout, and Pooling. DL
discovers intricate structure in large data sets by using
the backpropagation algorithm to indicate how a
machine should change its internal parameters that are
used to compute the representation between layers
[62, 63]. In literature, there are wvarious DL
architectures such as Deep Neural Network (DNN),
Convolutional Neural Network (CNN), Deep Belief
Network (DBN), Sparse Auto-Encoder (SAE), and

Recurrent Neural Network (RNN). Although the
essential structures of these frameworks are same,
there are also some differences between DL models.
Fig. 1. shows the approximate number of published
DL articles by year. As it can seen clearly in the Fig.
1, interest in DL has increased rapidly after 2012.

Thousand )85
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Figure 1. Number of published deep learning articles by
year. The numbers of articles were obtained from the search
results on Scopus and Google Scholar with the query of
‘Deep learning’.

The basic structure of DNNs consists of an input
layer, hidden layers and an output layer as in ANNS.
The difference between DNNs and ANNs is the
number of hidden layers which is more than one and
directly affects the depth of the algorithm in DNNs.
Firstly, raw data is given to the input layer, and
secondly, all values are calculated sequentially along
with the network layers as output. The obtained output
value is used as input data for each next layer. The
output values are calculated via the sum of the
multiplication of the input and the weight for each unit
in the current layer. Then, a non-linear function such
as a rectified linear unit (ReLU), hyperbolic tangent or
sigmoid is applied to compute the output values of the
layer. The output data obtained as it progresses
towards the last layer contains slightly more abstract
representations than the state of the raw input data. It
allows a more successful classification with the data
[64]. According to the developments in technology
and the rapid increase in the use of DL in Figure 1
many more researchers working in different fields
may find their way to generate different DL
approaches.

Therefore, this review aims to guide the researchers
who want to use the DL approaches in their studies. In
the literature, although there are some review studies
using DL on the subjects such as autonomous

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2019 Gazi Akademik Yayinciik
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vehicles[65], medical image processing [29, 66—69],
big data [70, 71], natural language processing (NLP)
[10, 19, 72], signature recognition [6, 32, 73], and
many other fields [64, 69, 74-87], there is no
comprehensive review covering all these fields. In this
paper, we provide a review of DL which covers many
challenging areas such NLP, medical image
processing, mig data, hand-written character
recognition, signature recognition, audio and video
processing, and autonomous vehicles. This study
investigates more than 230 articles related to DL
applications in the selected areas. Main contributions
of this study are summarized below:
* to review of DL methods on many challenging
areas.
+ to implement DL approaches in the most popular
areas.
* to introduce the challenging problems in popular
topics.

The manuscript is organized as follows. In Section
2, comprehensive information on the DL applications
is presented for the most popular areas. In Section 3,
the important DL issues are proposed. Finally, the
conclusion is given in Section 4.

2. DEEP LEARNING RESEARCH

AREAS (DERIN OGRENME ARASTIRMA
ALANLARI)

In the last decade, with the development of ANN,
many researchers have tried to develop further studies
using DL methods. They achieved the-state-of-art
results in many research areas such as autonomous
vehicles, medical image processing, handwritten
character recognition, and natural language
processing. In this section, DL studies are investigated
in popular areas to illuminate the paths of researchers
working in DL. We visualized the researches in tables
according to study fields, titles, methods, used tests,
and training databases in order to make it easier for
researchers to analyze. In literature, there are many
study fields using DL approaches achieved high
success, but in this review, seven research areas such
as Autonomous Vehicles, Natural Language
Processing, Handwritten Character Recognition,
Signature Verification, Voice and Video Processing,
Medical Image Processing, and Big Data are selected.

2.1. Autonomous Vehicles

In this section, the recent DL studies are
investigated in autonomous vehicles. With the

development of DL, technologies in autonomous
vehicles have seen significant advances in recent
years. DL become indispensable in application of
autonomous vehicles. In the literature, autonomous
vehicle studies for the aerial, underwater, and lander
vehicles have focused on vehicle detection, obstacle
detection, control strategies, autonomous driving,
traffic and collision prediction. Vehicle and obstacle
detection is one of the most important part of
autonomous driving. Hence, so many researchers have
studied to overcome these problems. To solve this
problem, DL algorithms generally consist of two
steps: region proposal and region classification. Shi et
al. [88] proposed a Fast Recurrent-CNN to detect
vehicle. They tested the algorithm on the public KITTI
data set, self-collected BUU-T2Y data set, and mixed
data set. In another study, Du et al. [89] proposed a
DL framework for car detection, which fuses LIDAR
and camera. Soin and Chahande [90] proposed
moving vehicles detection on-road for driverless car
assistance systems based on R-CNN. They claimed
that the method was achieved 100% accuracy with
respect to detection accuracy on the CIFAR-10
dataset. Obstacle detection and classification on-road
is one of the key tasks in the perception system of self-
driving vehicles. Nguyen et al. [91] used the DL for
the classification of obstacles that were detected by
using adaptive U-V disparity. Prabhakar et al. [36]
developed a DL system that is region-based CNN
trained with the PASCAL VOC image dataset for the
detection and classification of on-road obstacles such
as vehicles, pedestrians and animals. A fully
convolutional network is proposed to predict pixel-
wise semantic labeling of on-road unexpected
obstacles such as lost cargo by Ramos et al. [24].
Deepika and Variyar [92] used the SegNet encoder-
decoder architecture for pixel-wise semantic
segmentation of the video frame followed by an
obstacle detection algorithm. Dairi et al. [93] designed
a hybrid encoder that integrates deep Boltzmann
machines (DBM) and auto-encoders (AE) for obstacle
detection. They combined the unsupervised hybrid
model with the one-class support vector machines
(OCSVM) to visually monitor an urban scene. In
literature, collision and traffic predictions are other
challenging tasks for self-driving cars. Vehicle
taillights detection is an important topic in collision
avoidance and autonomous vehicles. For this reason,
Vancea et al. [31] addressed this problem by using
FCN based on VGG16 architecture for vehicle rear
light segmentation. Chen et al. [94] proposed a BP
neural network optimized by GA to estimate the
probability of collision. In this neural network, it has
taken into account the effects of many factors,

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2019 Gazi Akademik Yayinciik
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including drivers, environment, vehicles, and path. In
the study, the selection of the thresholds in the BP
neural network is optimized by the GA. Liu et al. [95]
proposed a decentralized multi-agent collision
avoidance method based on deep reinforcement
learning. Obtaining accurate and timely traffic flow
information is essential for the success of intelligent
transportation systems. Hence, traffic flow prediction
is one of the major tasks of self-driving cars. In the
literature, there are many studies to address this task
by using DL algorithms such as DBN, SAE, CNN,
RCNN, RNN. DBN based architecture was used
widely for traffic flow prediction. Huang et al. [96]
developed a deep architecture that consists of two
parts, i.e., DBN for unsupervised feature learning at
the bottom and a multitask regression layer (MTL) at
the top. For short-term traffic speed information
prediction, Jia et al. [97] are proposed a DBN based
model that was trained in a greedy unsupervised
method, and fine-tuned by labeled data. In the other
study, Jin et al. [98] used DBN and LSTM to conduct
short-term traffic speed prediction with the
consideration of rainfall impact as a non-traffic input.
They reported that the R-LSTM has the best accuracy
value according to R-DBN, R-BPNN, and R-ARIMA.
Koesdwiady et al. [99] proposed a prediction
architecture that incorporates DBN and data fusion to
derive traffic flow prediction by using traffic flow
history and weather data. Wang et al. [100] proposed
an error-feedback recurrent CNN (eRCNN) model for
the continuous traffic speed prediction. In another
stud, Liu, Polson and their teams an LSTM based
RNN architecture was used to improve traffic flow
prediction accuracy. Du et al. [101] implemented an
LSTM based regression model to predict the historical
traffic data by revealing the pattern of traffic volume.
They claimed that the LSTM model has the ability to
remember the former state of time point and give a
more accurate estimation of the next time points. Liu
et al. [102] proposed a combination of Convolution
and LSTM for traffic flow prediction. First, they used
a Conv-LSTM module to extract the spatial-temporal
feature of traffic flow, and then a Bi-LSTM module to
obtain the period feature of traffic flow. For traffic
flows prediction, Polson et al. [103] developed a DL
architecture that combines a linear model fitted using
regularization and a sequence of layers. In the other
studies related to traffic flow prediction, Lv, Duan and
their colleagues used SAE architecture. Lv et al. [104]
explored a DL approach to predict traffic flow at
different time ranges such as 15-min flow, 30-min
flow, 45-min flow, and 60-min flow. They reported
the best SAE architecture for every time ranges. Duan
et al. [105] evaluated the performance of the SAE

model for traffic flow prediction at daytime and
nighttime. They also reported the hyper parameters of
the SAE model at different times. In another study,
Stacked Denoising Auto-Encoder (SDAR) based DL
architecture was used for outdoor vehicle tracking by
Xin et al. [106]. They trained the SDAE and then
added k-sparse constraint to SDAE (kSSDAE) for
classification. Hadsell et al. [107] described a self-
supervised DL based DBN approach for the
classification complex terrain at distances up to the
horizon by identifying trees, paths, man-made
obstacles, and ground. Object recognition and
pedestrian detection algorithm was developed with
DL for autonomous driving by Ucar et al. [26]. In this
study, feature extraction was carried out by using both
CNN and Bag of Visual Words (BOW) approach. Al-
Qizwini et al. [22] introduced the Direct Perception
DL algorithm by comparing different CNN
architecture for autonomous driving. According to
obtained results, GoogLeNet is the best performing
architecture for autonomous driving in road feature
extraction. Xia and Rausch seperately, introduced a
different DL model to control autonomous vehicles.
Rausch et al. [108] used CNN architecture in the
application vehicles, and control strategy of Xia [109]
is deep Q-learning with filtered experiences (DQFE)
model, which combined the classic neural fitted Q-
iteration and DL technique to obtain a control strategy
with less resource consumption.

In literature, DL has also used so much in aerial and
underwater autonomous vehicles. For the control of
autonomous aerial vehicles, Zhang et al. [110] trained
a DL algorithm by generated data according to MPC-
guided policy. They claimed that the algorithm was
able to learn complex policies, such as high-speed
obstacle avoidance, using raw sensor inputs, and low-
level rotor command outputs. For docking of
autonomous underwater vehicle, Yahya and Arshad
[111] proposed a R-CNN based DL application which
detected the markers on a docking station. Yu et al.
[112] tackled the control problem of trajectory
tracking of Autonomous Underwater Vehicles
(AUVs) based on the DL algorithm. They used a
combination of two different DL algorithms to control
AUVs. The first algorithm was used to select the
action, and then the second was used to evaluate the
accuracy of the selected action.

2.2. Natural Language Processing

Big data has grown rapidly over the last few
decades. Therefore, semantic data extraction from raw
data has become important necessity. Natural
Language Processing (NLP) playes a major role in
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acquiring relevant information of importance to
business and intelligence. Studies in the field of NLP
has great importance for this purpose. With the
development of DL and artificial intelligence (Al),
many researchers used neural networks in NLP tasks
such as call-routing classification, spoken language
understanding (SLU) systems, and semantic data
extraction.

Cambria and White [19] introduced a review on
recent developments in NLP research to look at the
past, present, and future of NLP technology. It is a
helpful study to learn about research field of NLP.
Application of DBNs to natural language call routing
was proposed by Sarikaya et al. [113]. They compared
between DBNs and other methods such as Boosting,
MaxEnt, SVM. It was reported that DBNs produce
better classification results than other methods even
though it currently wuses an impoverished
representation of the input. In other study, Sarikaya et
al. [40] applied DBNs to overcome natural language
understanding problem. In a PhD thesis, Richard
Socher [21] it was studied RNN to solve multiple
language tasks involving word and sentence-level
predictions of both continuous and discrete nature
[21]. In this study, different RNN architectures such
as SU-RNN, MV-RNN, C-RNN, DT-RNN, and
RNTN were used and compared the performance of
them.

The most important limitation of NLP research on
DL is insufficient data. For this reason, Galinsky et al.
[41] proposed data augmentation approaches that are
replacing words with their synonyms, reshuftling the
words and adding new adjectives. After augmentation,
they used CNN for addressing the sentiment analysis
problem on Russian language. Natural Language
Generation (NLG) systems have not been generalized
across domains, and this is heavily restricting their
usability beyond a single application. Therefore,
Dethlefs [114] proposed a LSTM-Encoder-Decoder
based RNN architecture for addressing the domain
adaptation problem of NLG. In the study, Two LSTM
model was used. The first one learns a latent
representation of a semantic input, and the second one
learns to decode it to a sequence of words. It is claimed
that the learned representations can be transferred
across domains and leveraged effectively to improve
training on new unseen domains. Zhuang et al. [42]
used a CNN model with chunk-max pooling by the
leverage Chinese stroke for learning the continuous
representation of Chinese character [42]. They built an
NLP service for Chinese text classification for use in
future studies. In another study, Zhang et al. [27]
proposed a novel CNN and RNN based DL method
which generates natural language descriptions of

remote sensing images. In this study, CNN detected
the main objects of the remote sensing images, and
RNN generated the natural language descriptions of
the objects. Al-Ayyoub, Sharma and their colleagues
published a survey paper about DL studies in NLP.
Sharma and Kaushik [72] have emphasized the
importance of DL in NLP studies, and also
recommended reinforcement learning as an extension
to neural networking which is widely used in gaming
for NLP. The survey of Al-Ayyoub et al. [10] was
about DL studies in Arabic NLP. In this survey, they
aimed to serve a guide for the young and growing
ANLP community to help bridge the huge gap
between ANLP literature and richer and more mature
English NLP literature.

2.3. Handwritten Character Recognition

Character recognition is still one of the most
challenging fields for researchers. Especially, the
handwritten character recognition is an arduous task
since the character usually has various appearances
according to a different writer, writing style and noise.
Handwriting recognition is composed of two types
such online (stroke trajectory-based) and offline
(image.-based). Due to the inadequate number of
features that characterize, the offline handwriting
character recognition problem is more difficult than
online. With the great developments on the DL, many
researchers try to tackle this problem by using DL
based methods.

One of the first DL-based studies on handwriting
character recognition is hand-written digit recognition
published by Y. LeCun et al. [115]. They proposed a
fully connected multilayer neural network called
LeNet for hand-written digit recognition. In 1995,
Bengio, LeCun et al. [116] introduce a new Artificial
Neural Network (ANN) and Hidden Markov Model
(HMM) based hybrid approach for online recognition
of handwritten words. They used CNN for recognition
and used HMM to tag every word with an error score.
They globally trained an entire system to minimize
word-level errors. The different HMM and ANN
models were used by Espana-Boquera et al. [117] for
recognizing unconstrained offline handwritten texts.
For the handwritten Arabic character recognition task,
Al Jawfi [5] designed a LeNet based network that
consists of two stages. The first stage is to recognize
the main shape of the character, and the second stage
is to determinate the dots. Lamsa-at and Horata [43]
compared the recognition ability of Deep-Learning
Feedforward-Backpropagation = Neural = Network
(DFBNN) and Extreme Learning Machine (ELM) on
three different data sets of the handwritten character.
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They compared the classifiers in two categories: non-
extracted and extracted features according to
Histograms of Oriented Gradients (HOG). They
reported that features extracted by HOG can improve
recognition rates of both DFBNN and ELM.
According to the obtained results, DFBNN provided
higher recognition rates than ELM. Yin et al. [118]
presented a paper to define the tasks, methods, and
results of the Chinese handwriting recognition
competition held at the 12th International ICDAR13.
They reported that ten groups joined with 27 systems
for achieving five tasks: classification on extracted
feature data (Task 1), offline isolated character
recognition (Task 2), online isolated character
recognition (Task 3), offline handwritten text
recognition (Task 4), and online handwritten text
recognition (Task 5). In 2014 Sazal et al. [119]
proposed a DBN based DL architecture to overcome
Bangla handwritten character recognition. They
applied the algorithm in two stages: supervised and
unsupervised. They tested the algorithm on the dataset
of Bangla numerals and other basic characters
collected from the Indian Statistical Institute. As a
result, they reported that the DBN approach can
achieve a higher recognition rate even though no
handcrafted feature was used. Pham, Doetsch and
their colleagues used RNN to overcome the problems
of offline handwriting recognition. Pham et al. [120]
used LSTMs on three different handwriting datasets
which contain French, English and Arabic text. They
used the dropout technique with LSTM and reported
that the performance of the word recognition networks
could be improved if dropout is applied at multiple
LSTM layers. Doetsch at al. [121] introduced a
trainable modification of the activation functions
inside the gating units of an LSTM-RNN in offline
handwriting recognition. They showed that the frame-
wise recognition performance can be improved using
the proposed gate scaling method.

In the literature, CNN is the more preferred than
different types of DL architectures such as DBN,
RNN, etc. for the hand-written character recognition
tasks. In 2011, to improve handwritten character
recognition error rates, Ciresan et al. [122] proposed a
group of CNN classifiers for each error on various
parts of the training set.They reported 0.27% error
rates for seven deep CNNs trained with graphics
cards, narrowing the gap to human performance. In
2012, Multi-column DNN (MCDNN) was the first to
achieve human competitive performance on the
famous MNIST handwritten digit recognition task.
MCDNN was designed with combining several DNN
columns by Ciresan et al. [30]. They also show how
MCDNN further decreases the error rate by 30-40%.

In 2015, another study was published by Ciresan and
Meier [123] for the character classification. In this
study, they used to same MCDNN model in their
previous paper for offline handwritten Chinese
character classification. It was claimed that MCDNN
could classify handwritten Chinese character dataset
with almost human performance. CNN based
handwritten Hangul recognition application was
presented by Kim and Xie [45]. They also improved
the training speed and recognition performance
through GPU-based parallel processing and elastic
distortion. They reported that the recognition rate on
two public Hangul image databases, 95.26 % on
SERI95a and 92.92 % on PE92. Zheng et al. [46] used
CNN to train the recognition model of handwritten
character images which are extracted from the original
sunspot drawings. They tested the method on sunspot
drawings provided by the Chinese Academy Yunnan
Observatory. Wu et al. [15] proposed a hand-writing
recognition method based on Relaxation CNN (R-
CNN) and Alternately Trained Relaxation CNN
(ATR-CNN). The difference between R-CNN and
CNN is whether neurons within a feature map share
the same convolutional kernel. In the traditional CNN,
neurons share the same weight matrix, but in the R-
CNN, neurons use different weight matrices. ATR-
CNN was used for the training procedure because R-
CNN increased the total number of parameters
sharply. Chen et al. [124] designed a multi-supervised
training model. The separately trained CNN models
can be seen as different classifiers, though the training
dataset is the same. Hence, they used to multi model
voting method to decide for the final recognition
result. They reported that the performed method was
better than humans in handwritten digit (MNIST) and
Chinese character (CASIA) recognition. A new
training method to enhance Deep Convolutional
Neural Networks (DCNN) in handwritten Chinese
character recognition was proposed by Yang et al.
[125]. For better performance, they used various types
of domain knowledge, including deformation
transformation, non-linear normalization, imaginary
stroke maps, 8-directional feature maps, and path
signature feature maps. They also used a new training
method called DropSample for avoiding interference
due to noisy samples. In 2017, Xiao et al. [44]
proposed a new method for building fast and compact
CNN model for large scale handwritten Chinese
character recognition (HCCR). In the model, they
used a Global Supervised Low-rank Expansion
(GSLRE) method and an Adaptive Drop-weight
(ADW) technique to solve the problems of speed and
storage capacity. They claimed that compared with the
state-of-the-art CNN model for HCCR, their model is
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approximately 30 times faster, yet 10 times more cost-
efficient. Huang et al. [126] designed the inception
font network (IFN) model which composed of two
additional CNN structure elements for Chinese font
recognition (CFR). In the model, they used the
DropRegion method which randomly removes several
elastically sized regions from the characters instead of
Dropout. By using DropRegion, they aimed at data
augmentation, thus improved the generalized
applicability of the CNN-based network model and
prevented model overfitting. CNN based DL
algorithms are widely used in other languages as much
as Chinese for achieving handwritten character
recognition tasks. Boufenar et al. [127] designed a
new DCNN architecture for off-line handwritten
Arabic character recognition. The architecture was
built around the AlexNet CNN and uses the transfer
learning paradigm with and without preprocessing
step. The Genetic Algorithm (GA) assisted CNN
model was used to cope with the Devanagari
handwritten numeral recognition problem. In this
hybrid model, Trivedi et al. [128] proposed to use the
genetic algorithm on the training phase of CNN to
cope with the expensive computational cost of
training. They reported that the GA implementation
improves the accuracy of CNN. Soomro et al. [129]
published a comparative study of hand-written
character recognition. They compared the two-state of
art CNN architectures such as AlexNet and Google
Net. The architectures were tested on Chars74K and
local datasets, which include English hand-written
characters. As a result, they reported that the
GoogleNet architecture outperforms the Caffe

AlexNet architecture on varying test cases, on the
application of handwritten character recognition. A
combination of models of CNN and sequence to
sequence (Seq2Seq) was used by Sueiras et al. [130]
for offline hand-written Latin character recognition.
They applied the CNN over a sequence of image
patches obtained from the character image using a
horizontal sliding window, and then they used the
feature which obtained from CNN in the Seq2Seq
network for character recognition.

2.4. Signature Verification

Signatures are the most commonly used biometric
authentication technique for hundreds of years. The
signatures have signed on paper with the pen for
hundreds of years. Nowadays, with the development
of technology, also online signature can be used via
electronic devices such as tablets and computers.
Therefore, today there are two types of signatures such
as offline (static) and online (dynamic).

In offline signature verification, a signature that is
used as input data for process is available on a
document and it is scanned to obtain its digital image
representation. The offline signature has very few
features for classification. The online signature is
signed by special hardware, such as a digitizing tablet
or a pressure-sensitive pen, to record the pen
movements during writing. Therefore, it has many
features for classification process [28, 49, 131, 132].
Table 6 presents a comparison of common features for
offline and online signatures [133—135].

Table 1 Comparison of common features for offline and online signatures

List of common features
Offline Signatures Online Signatures
fl | Aspect Ratio fl -f13 | All common features of offline signature
2 | Out Ratio 14 Coordinate x (t)
f3 | Vertical and Horizontal Center f15 Coordinate y(t)
f4 | Base line shift 16 Pressure p(t)
f5 | Moments Features f17 Time stamp
Absolute position,
fo6 | Vertical and Horizontal Projection Peaks f18
r(t) = 4/x2(t) — y2 (1)
f7 | Number of Edge and Cross Points f19 Velocity in X, U, (t)
f8 | Number of closed loops 20 Velocity in y, v,,(t)
Absolute velocity,
f9 | Maximum Vertical and Horizontal Projection | f21
v(t) = [v.2(t) — v,2(t)
f10 | Grid Features 22 Velocity ofv(t), v, (t)
f11 | Texture Features 23 Acceleration in x, a(t)
f12 | Height 24 Acceleration in y, a., (t)
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Absolute acceleration,
f13 | Width 25
a(t) = |a,*(t) — a,*(t)
26 Pen down Time P;(t)
27 Pen up Time P, (t)

Signatures, which legally impose financial and
moral liabilities, are an authentication technique that
is still widely used today especially in legal
documents, banking, and commercial transactions.
Hence, signature verification/recognition is one of the
most important fields for researchers. To tackle this
problem, signature competitions which is named as
SigComp2011 [136], 4NSigComp2012 [137] and
SigWiComp2013 [138] were organized. In addition,
many researchers presented [28, 32, 73, 139] the-
state-of-the-art studies and surveys about signature
verification and recognition systems. Researchers
have tried to solve this problem by using algorithms
such as Support Vector Machines (SVM), Dynamic
Time Wrap (DTW), Principle Component Analysis
(PCA), Fuzzy Systems Methods, Probabilistic Neural
Network (PNN), Deep Multitask Metric Learning
(DMML). In literature, the best results have been
taken by DL algorithms. Along with the promising
developments of DL, researchers have begun to
develop new DL-based algorithms to address the
signature verification and recognition.

In 2011, for offline signature recognition, Ribeiro
et al. [6] proposed a two-step hybrid classifier system,
the first, identifies the owners of the signatures while,
the second, determine its authenticity. They compared
performances of the fourteen-different feature
extraction algorithms in the study. They also extracted
a high-representation of the signature images through
multi-layers in a deep hierarchical structure and
pointed out that the DL algorithm will perform good
success in this area together with the development of
the GPU technology. In the literature, it has clearly
seen that many researchers using multi-model
algorithms that are composed of Writer-Independent
(WD) and Writer-Dependent (WD) for signature
verification/recognition [2, 35, 140, 141]. Zhang et al.
[2] proposed a new Deep Convolutional Generative
Adversarial Network (DCGANs) model for offline
signature verification with multi-phase architecture
which works together with a hybrid Writer-
Independent-Writer-Dependent  classifier. In the
study, they reported that the method is promising,
even though their system does not achieve
performance close to the-state-of-the-art for GPDS,
because it combines conveniences and robustness.
Soleimani et al. [140] developed a Deep Multitask

Metric Learning (DMML) method for offline
signature verification. In the method, they used the
knowledge extracted from the similarities and
dissimilarities between the genuine and forged
samples of other classes for achieving better results.
They used a mixed approach of WI and WD to obtain
the knowledge data. As a result, they reported that
DMML outperforms SVM and DDML whether W1 or
WD. Hafemann et al. [35] used CNN with Wl and WD
model for signature verification. In the model, they
used the WI method for feature extraction in the
learning phase and then used the WD method by using
the extracted features for classification. They reported
the method is promising and achieving performance
close to the state-of-the-art. In another study,
Hafemann et al. [141] compared two different CNN
architecture that consists of AlexNet and VGG for
increasing the success of signature verification. They
used the architectures with different parameters
(number of hidden, pooling and fully connected
layers, filter size, number of stride and padding) for
fine-tuning. They also compared these architectures
with dropout and without dropout. As a result, they
reported that the best performing models were the
AlexNet architecture (with 8 trainable layers) and the
AlexNetreduced (with 6 trainable layers) when using
the features to training linear SVMs and SVMs with
RBF kernel, respectively. They also reported that
features learned in a writer-independent format can be
very effective and writer-dependent classifiers trained
with these features can perform very well even with
the limited number of samples per user (e.g. 5
samples) and linear classifiers. In 2017 Hafemann et
al. [142] presented different formulations based on the
CNN model which was shown above by them, for
learning representations for offline signature
verification. They claimed that Equal Error Rate (
EER) 1.72% have been obtained in the GPDS-160
dataset. Tayeb et al. [143] proposed a CNN based
signature verification application. They tested the
application on the SIGCOMP 2011 dataset and
reported that the application was able to correctly
detect the wvalidity of the inputted signature
approximately 83 percent.

In the literature, it is seen that almost all studies are
about the offline signature verification by the CNN
methods. Similarly, DL algorithms are more
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successful on verification of online signatures, since
online signatures have high and robust features. Thus,
this field is promising study area for researchers. In
2018, Tolosana et al. [144] proposed multiple RNN
systems for online handwritten signature verification.
They used both Long Short-Term Memory (LSTM)
and Gated Recurrent Unit (GRU) systems with a
Siamese architecture. They reported the proposed
recurrent Siamese networks have outperformed the-
state-of-the-art online signature verification systems.

We noticed that there is not comprehensive
literature view about signatures verification and
signatures recognition studies based on DL, although
there are two papers introduced by Sanmorino,
Hafemann and their teams. This proves the
importance of review will contribute greatly to the
researchers. In 2012, Sanmorino et al. [73] published
a survey on handwriting signature verification in three
main sections which composed of data acquisition
method, preprocessing, and verification technique
(Artificial neural networks-ANN, hidden Markov
model- HMM, and support vector machine-SVM).
Although the survey does not contain DL methods,
they reported that ANN had the best performance and
the easiest implementation. Another literature review
paper on handwriting signature verification was
published by Hafemann et al. [32] in 2017. This
review consists of five sections such as problem
statement, datasets, preprocessing, feature extraction
and training model. In the training model section, they
discussed performance of DL models in addition to
ANN. As a result, they reported that in the future
works on signature verification will continue
increasingly and in particular learning representations
from signature images by using DL methods will
increase the performance.

In our opinion, signature verification studies will
gain more importance in the future together with the
serious development of DL technologies. DL
methods will show especially out performs on feature
extraction and data augmentation parts. So, this will
make better performance on signature verification and
recognition.

2.5. Voice and Video Processing

DL has used frequently in video and audio
processing areas as well as in many image processing
areas. For this reason, DL was used in audio and video
applications such as audio-visual voice activity
detection, phonological features detection and
classification, speaker emotion recognition, speech
enhancement and recognition, noise separation,

human action recognition, emotion, expression, and
object recognition in videos.

DL studies conducted in the field of audio
processing are mostly studied in speech recognition
applications. For achieving this process, it was seen
that DL architectures which are mostly used are
Recurrent Neural Network (RNN), Deep Denoising
Autoencoders (DDAE), Deep Belief Networks
(DBN). Wei et al. [145] built an articulatory model
using hybrid deep neural networks (DNNs) and
hidden Markov models (HMMs) methods to map both
the acoustic and voicing features into articulatory
spaces for Mandarin speech recognition. Tamura et al.
[39] developed a DNN application for Audio-Visual
Speech Recognition (AVSR) using deep bottleneck
features and high-performance lipreading. They
reported that the application achieved 73.66%
lipreading accuracy and 90% AVSR accuracy on
average in noisy environments. In another study, Wu
et al. [146] used DNN for speech enhancement and
speech recognition. They adopted two techniques,
namely DNN-based regression to enhance reverberant
and noisy speech, followed by DNN-based multi-
condition training for recognition. Becerra et al. [37]
introduced two new variations of the frame-level cost
function for training a DNN in order to achieve better
speech recognition. Due to the profound differences
between acoustic characteristics of neutral and
whispered speech, the performance of traditional
automatic Speech Recognition (ASR) systems trained
on neutral speech degrades significantly when the
whisper is applied. To tackle this problem, Grozdi¢ et
al. [38] proposed the new system based on Deep
Denoising  Autoencoders  (DDAE). Speech
enhancement is one of the most important
preprocessing step. Therefore, many researchers [147,
146, 148] work on speech enhancement applications
to enhance the background noise and interfering
speech in a speaker dependent. Another challenging
task in audio processing based on DL is Speech
Emotion Recognition (SER). Fayek, Mannepall and
their teams [149, 150] proposed to the DL methods to
overcome this challenging task. Fayek et al. [149]
focused on a frame-based formulation for SER,
aiming to achieve a system with a simple pipeline and
low latency by modeling intra-utterance emotion
dynamics. They proposed the SER system to
empirically explore feed-forward and RNN
architectures and their variants. Mannepall et al. [150]
developed a new novel algorithm, called Adaptive
Fractional DBN (AFDBN) for robust SER. They
claimed that the proposed AFDBN achieved the
higher accuracy as 99.17% and 97.74% on Berlin and
Telugu database which ensured better emotion
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recognition performance. Zhang et al. [151] proposed
a DL framework to extract and recognize emotional
information from respiration (RSP) signals. The DL
framework includes a sparse auto-encoder (SAE) to
extract emotion-related features and two logistic
regression with one for arousal classification and the
other for valence classification. Bhowmik et al. [152]
designed deep-structured models which are pre-
trained by stacked autoencoder for detection and
classification of the phonological feature of Bengali
continuous speech. Another DL based speech
classification study proposed by Deng et al. [153].
Achanta and Gangashetty[ 154] compared deep Elman
RNN (ERNN) against deep gated RNNs for statistical
parametric speech synthesis (SPSS). They claimed
that Deep Elman RNNs are better suited for acoustic
modeling in SPSS when compared to DNNs and
perform competitively to deep SLSTMs, GRUs, and
LSTMs. They remained Elman RNN based duration
model is better than the DNN based counterpart. Ariav
et al. [155] performed a deep architecture based on
RNN for audio-visual voice activity detection.

Video processing has been in the center of
computer vision community for a long time.
Therefore, video processing is one of the most
challenging area for researchers. In this area, there are
many important problems as object recognition, face
recognition, emotion recognition, and action
recognition in video. Learning by deep CNNs has
shown outstanding effectiveness in a variety of image-
based classification tasks. Deep CNNs have also
begun to be used to tackle video problems, along with
the understanding that the computational efficiency of
CNNs can be used in real-time applications. Object
recognition is one of the most studied areas in the
literature. Roman et al. [1] proposed a general DL
framework for real-time object recognition in
egocentric videos guided by visual salience to help
grasping actions for neuro-prostheses. They reported
that computational time at generalization is lower than
a time of visual fixation. CNN knowledge transfer
framework was described by Xin et al. [7] for
underwater object recognition. The developed system
can work for real-time live object recognition from
underwater videos. They reported that discriminative
features can be extracted from relatively low contrast
images via the system. For security, detection of a
hazardous substance as a bomb, gun, knife etc. is
crucial problem. Real time live object recognition
from videos is also very important for security. To
tackle this problem, Olmos et al. [156] presented a
novel automatic pistol detection system in videos
appropriate for both, surveillance and control
purposes. They pointed out that the most promising

results have been obtained with Faster R-CNN based
model which has a VGG-16 classifier. It is seen that
face and emotion recognition are commonly studied
in other areas for object recognition from video. It is
seen that face recognition and emotion recognition are
other challenging tasks in object recognition from
video. CNN based Face Recognition (FR) from the
video which has only a single sample (i.e., still ROI)
per person (SSPP) is proposed by Parchami et al.
[157]. The developed Canonical Face Representation
CNN (CFR-CNN) method is based on a deep
supervised autoencoder that can represent the
divergence between the source (still ROI) and target
(video ROI) domains encountered in still-to-video FR.
Rao et al. [158] proposed a local temporal
representation for video face recognition by
combining the CNN feature with recurrent layers with
locality constraints to make better use of temporal
information. They presented a new attention-aware
deep reinforcement learning (ADRL) method for
video face recognition. Another face recognition
study based on DL for spoof face detection published
by Akbulut et al. [159]. They used two different DL
models, namely (Local Receptive Field) LRF-ELM
and CNN. The LRF-ELM model contains a
convolution layer, a pooling layer, and a fully
connected layer. They reported that the LRF-ELM
method yielded better results against CNN. Studies of
DL based emotion recognition from the video is
presented by many researchers. A multimodal
approach for video-based emotion recognition in the
wild was proposed by Kaya et al. [4], DL framework
for achieving emotion recognition from low bit rate
video was published by Cheng et al. [160], in another
study Gupta et al. [161] presented an architecture
based on DL for expression recognition in videos,
which are invariant to local scaling. Classification of
human actions is very challenging and important in
many video-based applications. The challenge in
human action analysis is to properly characterize
spatial-temporal information and facilitate subsequent
comparison/recognition tasks. To address this
problem, some approaches would use the body
movements for building various action syntactic
primitives to represent and recognize actions. The
ConvNets largely promoted the development of action
recognition in video. A new deeper two-stream
ConvNets for action recognition was proposed by Han
et al. [162]. Another ConvNets based video
classification was proposed to recognize human
actions based on motion sequence information in
RGB-D video using DL by ljjina and Chalavadi [163].
Alghyaline et al. [18] proposed a novel video
representation to improve human action recognition
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based on symmelets, IDT and DL. Parisi et al. [164]
introduce a deep neural architecture for the lifelong
learning of the body. The architecture consists of a
series of hierarchically arranged self-organizing
neural networks for learning action representations
from pose—motion features. Ma et al. [165] proposed
Region-sequence based six-stream CNN features for
fine-grained human action recognition in videos. In
the method, they divided the human body into six
regions and used six-stream CNN for human action
recognition. Herath et al. [82] provide a detailed
review study that also includes the impact of Deep-
nets on human action recognition over the past decade.
The human targets need to be localized first before
actual analysis is conducted to analyze her/his
behavior or activities. For this reason, a novel deep
multi-channel  residual networks-based  metric
learning method is introduced for the first time to
realize moving human localization in video
surveillance by Huang et al. [166]. Video compressive
sensing (CS) aims at increasing the temporal
resolution of a sensor. In another study, Iliadis et al.
[167] present the first deep learning architecture for
temporal video CS reconstruction approach, based on
fully connected neural networks, which learns to map
directly temporal CS measurements to video frames.
Li and Wang [12] proposed a novel deep residual
CNN to predict a high-resolution image using
multiple motion-compensated observations. In the
study, they used a optical flow algorithm for motion
estimation and motion compensation.

2.6. Medical Image Processing

In recent years, the developments of deep learning
algorithms have had a major impact on medical image
analysis studies. Using the DL algorithms on medical
images, very successful results have been obtained in
the fields such as classification, object detection,
segmentation, registration, and retrieval.

Object classification which is usually focused on the
classification of a small (previously identified) part of
the medical image into two or more classes is not
enough for accurate classification. In the literature, we
have seen that many researchers have used multi-
model CNN architectures to tackle this problem. For
skin lesion classification, Kawahara and Hamarneh
[16] presented a novel CNN architecture that is
composed of multiple tracts, which is each tract
analyzes the image at a different resolution
simultaneously. For skin lesion classification
designed to learn based on information from multiple
image resolutions while leveraging pre-trained CNNs.
While traditional CNNs are generally trained on a

single resolution image. Setio et al. [14], presented a
CAD system for pulmonary nodule detection in CT
scans based on multi-view CNNs. They showed that
ConvNets-CAD is highly suited to be used as a
decision aid in a lung cancer screening scenario by
promising results and low computation time make.
Mohsen et al. [168] used a Deep Neural Network
classifier for classifying brain MRIs into 4 classes e.g.
normal, glioblastoma, sarcoma, and metastatic
bronchogenic carcinoma tumors. The classifier was
combined with the discrete wavelet transform (DWT),
the powerful feature extraction tool, and principal
components analysis (PCA). According to the results,
the performance of the classifier was high. Gao et al.
[169] proposed a fused CNN architecture to featuring
both automatic and selective DL networks for the
classification of echocardiography videos of eight
viewpoint classes. They point out that CNN
architecture of two-strand networks performs the best
with classification results up to 92.1% of accuracy.

The detection of objects of interest or lesions in
medical images is a key part of diagnosis and is one of
the most labor-intensive for clinicians. So, this is a
very popular research area in the literature. Kooi et al.
[170] provided a head-to-head comparison between
the latest technology in the mammography CAD
system and the CNN to obtain a system that can read
mammography independently. As a result, they
showed that the CNN model trained on a large data set
of mammographic lesions outperforms. Another
efficient DL model was developed by Saha etal. [171]
for mitosis detection using breast histopathology
images. Wang and Yang [172] developed a context-
sensitive deep neural network (DNN), aimed to take
into account both the local image features of a
microcalcification (MC) and its surrounding tissue
background, for MC detection in mammograms. As a
result, they claimed that the proposed approach could
achieve significantly higher FROC curves when
compared to two MC-based detectors. The earliest
sign of diabetic retinopathy (DR) which is one of the
leading causes of preventable blindness in the world
is red lesions. Orlando et al. [173] proposed a novel
method for red lesion detection based on combining
both deep learned and domain knowledge. In the
study, they have used CNN to learn features and then
augmented by incorporating hand-crafted features.
Finally, they used a random forest classifier to identify
true lesion candidates.

Segmentation studies on such as brain tumors,
vessels, sclerosis lesion are so important tasks in
medical image processing. Thus, one of the most
studied fields on the medical image is segmentation.
In most of the study about medical segmentation, it
was used CNNs. Havaei et al. [174] presented a fully
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automatic brain tumor segmentation method based on
Deep Neural Networks (DNNs) which are tailored to
glioblastomas (both low and high grade) pictured in
MR images. The CNN exploits both local features as
well as more global contextual features
simultaneously, and also uses a final layer that is a
convolutional implementation of a fully connected
layer which allows a 40-fold speed up. Pereira et al.
[8] proposed an automatic segmentation method based
on CNN to augment the efficiency of brain tumor
segmentation in MRI images. The study has been
validated in the Brain Tumor Segmentity Challenge
2013 database (BRATS 2013), and has also been
second in BRATS 2015. Ism et al. [29] presented a
review article containing more detailed studies on
brain tumor segmentation using DL models up to
2015. Milletari et al. [33] proposed Hough-CNN that
is a novel segmentation approach based on a voting
strategy for the segmentation of deep brain regions in
MRI and ultrasound. In the study, 3D CNN which is
based on the Caffe framework is compared to the more
common 2D convolution, as well as to a recent 2.5D
approach. They claimed that Hough-CNN delivers
results outperforms to methods based on voxel-wise,
semantic classification. Hussain et al. [175] proposed,
five types of nexus architectures are proposed namely:
linear, two-path, two-path linear, inception, and
inception linear for segmentation of glioma tumors in
brain. In the study, a patch-based approach along with
an inception module is used for training the deep
network by extracting two co-centric patches of
different sizes from the input images. The newest
study that has been built upon the DL model about
brain tumor segmentation up to now was developed
by integrating Fully CNN (FCNNs) and Conditional
Random Fields (CRFs) in a unified framework to
obtain segmentation results with the appearance and
spatial consistency. The model which was developed
Zhao et al. developed a model [176] to evaluate the
image dataset provided by the Multimodal Brain
Tumor Image Segmentation Challenge (BRATS)
2013, BRATS 2015, and BRATS 2016. Apart from
brain tumor segmentation, vessel segmentation and
sclerosis lesion segmentation studies are also common
in the field of medical imaging. Valverde et al. [177]
present a novel automated method based on a cascade
of two 3D patch-wise CNN for White Matter (WM)
lesion segmentation of Multiple Sclerosis (MS)
patient images. Birenbaum and Greenspan [178]
proposed a CNN based method for multiple sclerosis
lesion segmentation. They used longitudinal data to
improve segmentation accuracy significantly. Nasr-
Esfahani et al. [23] proposed the DL method using
CNN for detecting vessel regions in angiography

images. Barkana et al. [179] have evaluated the
performance of descriptive statistical features in
retinal vessel segmentation by using fuzzy logic, an
artificial neural network classifier (ANN), a support
vector machine (SVM), and classifier fusion. We
figured out that there is not so many studies about
retinal vessel segmentation by using DL methods in
the literature.

Image registration is the process of geometrically
align two images or the process of overlaying images
(two or more) of the same scene taken at different
times, from different viewpoints, and/or by sensors
[74]. Registration is very important for medical image
analysis as well as for other image processing areas.
Miao et al. [180] present a CNN regression approach
which is used on the appearances of the digitally
reconstructed radiograph and X-ray images to tackle
slow computation and small capture range which are
the two major limitations of existing intensity-based
2-D/3-D registration technology. Yang et al. [181]
proposed a deep regression model to predict 3D
deformation parameters using the MR image in a
time-efficient manner. Jia et al. [182] proposed a
registration-based coarse segmentation to the pre-
processed prostate MRI images to get the potential
boundary region by using DNN which is based on a
VGG-19 network model.

It is seen that medical image processing fields such
as image retrieval, generation, and enhancement are
also studied frequently. For medical images, using
with and without class predictions, content-based
image retrieval approach proposed by Qayyum et al.
[183]. In another study, parallel deep solutions for
image retrieval from imbalanced medical imaging
archives were proposed by Khatami et al. [20]. For
medical image analytics, a comprehensive review
which also includes DL models was published for
large-scale retrieval by Li et al. [67].

In the literature, it is seen that DL algorithms have
a wide usage area in medical image processing. In
addition to the topics mentioned above, cancer,
protein  subcellular localization, and toxicity
prediction topics are also studied. In literature, multi-
deep learning models are used to make a robust cancer
prediction. Yuan et al. [184] introduced a regularized
ensemble framework of DL to address the
imbalanced, multi-class learning problems for cancer
detection. They have claimed that their method
improved the maximum accuracy by 24.7%. Xiao et
al. [185] proposed a DL-based ensemble method for
cancer prediction. The proposed method was tested on
three public RNA-seq dataset of three kinds of
cancers, Lung Adenocarcinoma, Stomach
Adenocarcinoma, and Breast Invasive Carcinoma. In
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another study, Chougrad et al. [186] proposed to
increase the success of mammography mass lesion
classification by fine-tuning CNN methods that have
been studied previously. The identification of
interactions between compounds and proteins plays an
important role in network pharmacology and drug
discovery. Hence recently many researchers study to
predict protein-protein interaction. In literature, a lot
of studies based on DL about this area have been
achieved by proving the advantages of DL techniques
[187]-[191]. A comprehensive study of recent
applications of DL in drug discovery research
published by Chen et al. [87]. In the study, they
introduced some popular DL architectures and
discussed the future development of DL in drug
discovery. Some products and medicines such as food
additives, cleaning and cosmetic contain toxic
substances. The prediction of the toxicity of chemical
compounds is an important problem to solve.
Therefore, there are many studies on toxicity
prediction. Even a challenge named Toxicology in the
21st Century (Tox21)
https://tripod.nih.gov/tox21/challenge/  held every
year to solve this problem. Unterthiner et al. [192]
proposed a DL based method to learn automatically
features resembling well-established toxicophores.
There are various studies introduced in Tox21 by
using DL for toxic prediction [11, 193, 194].

Consequently, there are more comprehensive
studies on DL algorithms used in medical image
processing field. Litjens et al. [66] published a survey
on DL in medical image analysis and another survey
about DL in medical image analysis was introduced
by Shen et al. [68].

2.7. Big Data

Recently, together with the social network systems,
sensor networks, and communication technologies,
have made great progress which makes it possible to
the collection of big data [195]. Big data is defined as
a 3V model, which is described as high volume, high
speed and high diversity [196]. In the following years,
the 4V model was introduced by adding high value.
This model can be even extended to 5V (L. Kuang) if
the concept of Veracity is incorporated into the big
data definition [70, 197], [198]. For big data
analyzing, deep learning models can be examined in
four aspects as DL models for huge amounts of data,
DL models for heterogencous data, DL models for
real-time data and DL models for low-quality data.
First and foremost, big data includes so many samples
for analysis and so, it poses a big challenge on DL
models. In order to extract features and classification

of big data, some large-scale DL models which have
a-few hidden layer and billions of parameters and
parallel DL algorithms have been developed.

Deng at al. [153] presented DSN to cope with the
problem of parallelizing learning algorithms for DL
architectures. Hutchinson et al. [199] presented CPU
clusters to improve the training efficiency of DSN and
use an efficient and scalable parallel implementation.
A Tensor DSN (T-DSN) that is a software framework
called DistBelief was developed by Dean et al. to
overcome the problem of training a deep network
which uses tens of thousands of CPU cores with
billions of parameters [200]. Therefore, it is very
suitable to learn big data feature learning since
DistBelief is able to scale up over many computers
[201]. NVIDIA’s large-scale DL models with 16 GPU
servers are another impressive DL system for huge
amounts of data analyzing. The system is able to train
1 billion parameter networks on just 3 machines in a
couple of days, and it can scale to networks with over
11 billion parameters using just 16 machines [202].
There are also FPGA based solutions for large scale
DL. In order to improve the performance of large scale
DL models as well as to maintain the low power cost,
it was designed the DL accelerator unit (DLAU),
which is a scalable accelerator architecture for large-
scale DL networks using field-programmable gate
array (FPGA) [203]. Another FPGA model was
developed to improve the performance of large scale
DL models by Wang et al. [174].

One of the biggest problems in large data analysis
is the data format differences. The data can be in
different formats such as image, sound, raw data, MR,
and X-Ray. For example, in data mining of social
media such as Twitter and Flikcr etc., the data may
contain texts, images, audio, and videos. Similarly,
various multi-modal information such as X-ray, CT,
MRI, PET, SPECT, and fMRI etc. is collected in
medical analysis. These kinds of heterogeneous data
have so many complexities in data analysis. To
overcome these problems, the multi-model DL model
has been developed in literature. For example, a Deep
Boltzmann Machine Model (DRBM) is developed for
learning a generative model of data that consists of
multiple and diverse input modalities by Ngiam et al.
They used the DL model for audio-video objects
feature learning [204]. Another multi-modal
Restricted Boltzmann Machines (RBM) model was
developed by Srivastava and Salakhutdinov [205]. In
this model, they obtained a joint representation from
the two given modalities that are image and text.
Ouyang et al. built a multi-source deep model to
extract non-linear representation from the score,
appearance mixture type and deformation which are
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three important information sources for human pose
estimation. With the deep model, they extracted high-
order human body articulation patterns [34]. To reach
this goal, Zhao et al. [206] proposed a novel
framework which is composed of two modules: multi-
modal deep neural network, and feature selection with
sparse group LASSO. Wang et al. [25] first construct
deep CNN layers for color and depth separately,
which are then connected with a designed multi-modal
learning framework for RGB-D object recognition.
Zhang et al. [207] proposed a deep computation model
for feature learning on big data, which uses a tensor to
model the complex correlations of heterogeneous
data.

Even though today's technologies have accelerated
DL algorithms, their classification performance is not
good enough. Therefore, features extraction and
representations for big data are difficult for traditional
DL models in real-time classification problem. In
recent years, for high-velocity data feature extraction,
many incremental learning methods have presented.
Wan and Banta [208] developed online training
algorithm for neural networks, called parameter
incremental learning (PIL) algorithm with high speed
and accuracy. Zhao et al. [209] proposed a novel real-
time and semi-supervised DL framework that
integrates  the  strengths of  computational
epidemiology and social media mining techniques.
Their aim was to learn the social media users' health
states and intervention actions in real-time, which are
regularized by the underlying disease model and
contact network. Yu et al. [210] presented real-time
(online) novel offline and online three-dimensional
(3D) DL integration framework by leveraging the 3D
fully convolutional network (3D-FCN) for automated
polyp detection. Many researchers proposed an
incremental learning method based on the structural
modification to tackle real-time big data analytics
overtime problem. Zhou et al. [211] proposed an
incremental feature extraction algorithm to determine
the optimal model complexity for large-scale online
dataset based on the denoising auto encoder. The
performed algorithm is effective in recognizing new
patterns when the data distribution changes over time
in the massive online data stream.

Low-quality, noisy and lack of data are other
challenges in big data analytics. These challenges
make so difficult to extract features and
representations from big data by DL models. In
literature, some studies used DL models on corrupted
and noisy data. Vincent et al. [212] introduced a new
training principle for unsupervised learning, which
learns the representations with the partial corruption
of the input pattern. In another study, they also

proposed an original strategy for building deep
networks, based on stacking layers of denoising
autoencoders which are trained locally to denoise
corrupted versions of their inputs [213]. Wang and
Tao [214] developed a (stacked) non-local auto-
encoder, which exploits self-similar information in
natural images for stability. In the study, they
proposed that similar inputs should induce similar
network propagation.

Big data analytics require new and sophisticated
algorithms based on machine and DL techniques to
process data in real-time with high accuracy and
efficiency. In recent years, DL algorithms seem to fill
this gap. Jan et al. [215] showed that DL techniques
can be built by introducing a number of methods in
combination with supervised and unsupervised
training techniques for processing huge amount of
data with the different number of neurons and hidden
layers. Kiral-Kornek et al. [13] presented a seizure
prediction system that is accurate, fully automated,
patient-specific, and tunable for an individual’s needs
by using intracranial electroencephalography (iEEG)
data. Qi et al. [216] proposed a fault-diagnosis system
using machine-learning techniques to data analysis
and fault diagnosis for the reciprocating compressors.
They used the support vector machine (SVM) for
recognizing and classifying. With the development of
sensors and Internet of Things (IOT) technologies,
there is an increasing need for big data analytics. For
this reason, DL provides advanced analytics tools for
processing and analyzing big data. In this section, we
highlighted the success of DL methods on big data
analytics and tried to draw attention to commonly
used DL algorithms for big data analytics and
discussed applications. In the study, we focused on
advantages, methods and future studies about DL
overall research areas. Hence, we did not much
emphasis on mathematical details and theories of
studies which are done with DL methods for big data
analytics. In literature, there are deeper studies on DL
algorithms used in big data analytics [71, 201, 207,
215]. Zhang et al. [71] presented a paper to point out
the remaining challenges of big data analysis by using
DL and discuss future topics about the emerging
researches of DL models for big data feature learning.

3. SUGGESTIONS ON DEEP
LEARNING (DERIN OGRENME ONERILERI)

In this section, some popular subjects are proposed
for researchers who want to study in DL. Many topics
are identified in the direction of the information
obtained from more than 230 articles in many research
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areas and investigated from medical image processing
to the signature verification. According to the
reviewed papers, DL methods may produce more
successful results than the other methods applied to
the topics described in this paper.

Fault-diagnosis  systems for reciprocating
compressors have studied with different approaches as
SVM [216-221]. But there are no many DL based
studies for these systems. Qi et al. [216] proposed a
fault-diagnosis system using SVM to data analysis
and fault diagnosis for reciprocating compressors. DL
approaches in such data analysis and classification
processes will be more brittle. Some studies have done
using the DL approach supports us [220], [222].

Although DL approaches have been widely used in
many Medical Image Processing and achieved
successful results [8, 13, 14, 16, 20, 66, 170, 171, 176,
180, 183, 223], it seems that they have not been used
much in vessel segmentation yet. In literature, we
observed that there are only a few studies to determine
the eye vessels [224-226]. We believe that the DL
models can obtain the successful results in vessel
segmentation as it is in other medical fields.

Ariav et al. [155] first suggested that bidirectional
RNNs may be used to exploit the temporal context
from future frames, and long short-term memory
(LSTM) networks may facilitate learning even longer-
term dependencies between inputs. Second, it should
be performed a fine-tuning of the entire network from
end to end in a supervised manner, while
simultaneously updating the weights of the auto-
encoder and the RNN via backpropagation. According
to obtained results, the proposed models can use for
future works in DL [155].

DL approaches have achieved considerable success
in face recognition systems as well as in many other
areas. However, determining the vitality of the faces
is as important as the face recognition in security
[227-232]. Hence, it should be used the DL
algorithms in spoof face detection method to
determine both the identity and liveness of the face.

Although on-road obstacle detection and
classification is one of the key tasks for self-driving
vehicles, we noticed that the performance of studies is
not high for the Indian road scenario [36, 91-93].
Another important task for autonomous car is
collision prediction [24, 94, 95, 110]. However, there
is no remarkable study in the literature. For this
reason, we suppose that studies to overcome self-
driving and collision prediction problems will be
important in the future.

In literature, handwriting character recognition
studies are widespread. In last decades, DL
approaches are commonly used in handwriting

recognition applications in last decades [5, 10, 15, 43—
46, 127, 117, 119, 122-125, 129]. There are at least
3,866 languages using an established spelling system
in the world [233]. For this reason, it is concluded that
DL algorithms can be applied to many different
writing languages for handwriting character
recognition in this review.

Signature recognition and verification is a
promising area which must be addressed for
researchers. Despite some studies on offline signature
verification, there is not satisfied solution yet in
literature [2, 28, 32, 35, 133, 136, 138-142, 234].
Therefore, signature verification is still one of the
most challenging areas. It is recommended to
researchers that the performance of the DL algorithms
on signature verification can be increased by using
feature extraction and augmentation methods. In
literature, almost all studies on signature are about
offline signature verification and most of them are
based on CNN method. DL algorithms can be more
successful in verification of online signatures since
online signatures have high and robust features.
Hence, online signature verification by DL models
may be an important research area in the future.

4. CONCLUSION

In this study, we reviewed the deep learning studies
related to popular seven research areas: Autonomous
Vehicles, Natural Language Processing, Handwritten
Character Recognition, Signature Verification, Voice
and Video Recognition, Medical Image Processing,
and Big Data. This review also determined the most
challenging issues that can be studied with DL in these
fields. Furthermore, we have pointed out the
remaining challenges in these research areas that
could be solved by using DL to help the researchers.
Finally, we have presented the promising research
topics which are unresolved yet.

The success of deep learning methods is increasing
with new techniques developed. Nowadays, DL
achieves better success than humans in many areas
such as object recognition. It is anticipated that this
success will be achieved in areas such as autonomous
vehicles, medical image processing, and character
recognition. DL methods can obtain promising results
in solving problems such as obstacle detection and
collision prediction. Big data analysis is another
promising area where high success can be achieved by
DL.
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Yapay Zeka tekniklerinden biri olan Uzman sistemler, giiniimiizde yaygin olarak kullanilmaktadir.
Uzman sistemler, birden fazla segenegin i¢inden bilgi ve tecriibeyi kullanarak en uygun olaninin
belirlenmesini saglayan bir yontemdir. Rulmanlar, makinelerin donen pargalarinda yaygin olarak
kullanilan standart makine elemanlaridir. Piyasada, ¢ok farkli teknik 6zelliklere sahip rulmanlar
bulunmaktadir. Dolayisi ile kullanilacak olan bir yere gore uygun bir rulmanin se¢imi uzmanlik
gerektirmektedir. Bu galigmada, rulman se¢imi yapan bir uzman sistem gelistirilmistir. Sistemde,
rulmanlara yonelik bir¢ok kural olusturulmustur. Kuralar, en uygun uygun rulman tipinin
belirlenmesinde yonelik tasarlanmugtir. Kurallar, rulmanlarin yapisal ozellikleri ve karsi
koyacaklar1 yiik tipleri dikkate alinarak hazirlanmistir. Belirlenen rulman tipi igin sistem
kullanictya, standart rulman kodunu vermektedir. Bununla birlikte, gelistirilen sistem, rulman i¢
cap (d), rulman dis ¢ap (D) ve rulman genisligi (B) degerleri girilmesi durumunda kullaniciya bir
rulman kodunu da verebilecek yetenektedir. Rulman se¢imi yapan sistemin gelistirilmesinde
KAPPA-PC uzman sistem paket programi kullanilmistir. Rulman bilgi tabani i¢in ORS rulman
katalogu bilgileri alinmistir. Gelistirilen sistem ile ihtiya¢ duyulan &zelliklere yonelik olarak
rulman tipinin belirlenmesi saglanmustir.
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Expert systems, one of the Artificial Intelligence techniques, are widely used today. Expert
systems are a method to determine the most suitable one by using knowledge and experience from
multiple options. Bearings are standard machine elements commonly used in rotating parts of
machines. There are many different types of bearings on the market. Therefore, the selection of a
suitable bearing that are used in a place requires expertise. In this study, an expert system, which
selects bearings, was developed. Many rules were written for the system. The rules were designed
to determine the most suitable bearing type. The rules are based on the structural characteristics
of the bearings and the types of load they will resist. For the specified bearing type, the system
gives the user the standard bearing code. However, the developed system is capable of providing
a bearing code to the user in case the bearing inner diameter (d), bearing outer diameter (D) and
bearing width (B) are entered. KAPPA-PC expert system shell program was used to develop the
system, which makes selection of bearings. The ORS bearing catalogue was used for bearing
knowledge base. The developed system provided to determine the bearing type for the required
properties.

https://dx.doi.org/10.30855/gmbd.2019.03.02

1. GIiRIiS anTroDUCTION)

Son yillarda bilgisayar ve elektronik bilimlerinde
yasanan hizli  teknolojik  gelismeler, giinliik

yasantimizi oldugu kadar isletmeleri de biiyiik l¢iide
etkilemistir. Isletmeler ve organizasyonlar, bu
teknolojik gelismelerin ortaya c¢ikardig iiriinleri
kimya, egitim-0gretim, tarim, saglik ve endiistriyel
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gibi bir¢ok alanda iiretim, dagitim, yonetim, tasarim,
planlama, projelendirme, arag-gere¢ se¢me, kontrol,
bakim, teshis, analiz gibi degisik amaglar igin
kullanarak verimlilik artig1 saglamaya
caligmaktadirlar. Ozellikle bilgisayar bilimlerinde,
yazilim ve donanim alanindaki hizli geligmeler, insan
gibi diisiinen ve davranan sistemlerin ortaya ¢ikmasini
saglamigtir.  1950°’li yillardan beri bu alanda
caligmalar siirdiirtilmektedir. YZ: Yapay zeka (Al:
Artfical Intelligence) olarak isimlendirilen bu alan,
insanin diisiinme yapisini anlamak ve bunun benzerini
ortaya cikaracak bilgisayar programlarini gelistirmeye
calismak olarak tanmimlanir [1]. Insan faktdriinden
kaynaklanan olumsuzluklart en aza indirmek ve
olabildigince verimli ¢calismay1 saglamak i¢in yapilan
aragtirmalar neticesinde yapay zeka teknikleri
gelistirilmigtir [2]. Yapilan istatistiksel caligmalar
sonucunda yapay zeka tekniklerinden biri olan uzman
sistemlerin kullanilmasiyla, iiretimin artt1g1, kalitenin
yiikseldigi ve en oOnemlisi de maliyetin azaldigi
goriilmiistiir [3]. Ayrica uzman sistemlerin, bir¢ok
farkli alandaki zor seviyede sayilabilecek problemleri
basarilt bir sekilde ¢6ziime kavusturmasi dikkat
¢ekmelerindeki en dnemli unsur olusturmustur [4].

Liu ve arkadaglar1 tarafindan uzman sistem ve
bulanik mantik kullanarak makarali rulmanlardaki
hatayr bulan “Rulman Uzmani” adli bir sistem
gelistirilmistir. Meni ile kontrol edilen ve bilgisayar
bazli olan bu sistemin oldukg¢a kullanict dostu oldugu
iddia edilmektedir [5]. Siang ve arkadaglar1 tarafindan
yazilan makalede tasarimcinin rulman se¢imini
yapmak i¢in gerceklestirecegi tasarim faaliyetlerini
taklit eden bir uzman sistemin gelistirilmesindeki
asamalar tanimlanmustir [6]. Fegan, tarafindan yazilan
makalede; tasarimciya yardimei olma adina belirli bir
calisma kosullar1 dizisi i¢in bir safti desteklemek
iizere dogru bilyeli ve makarali rulman
kombinasyonlarini se¢gmede yardimei olan uzman bir
sistemin  gelistirilmesinde kaydedilen agamalar
anlatilmistir. Sistem ayrica, rulman g¢iftinin montaj
gereksinimleri konusunda tavsiyede bulunur [7].
Pathak ve arkadaslari tarafindan yapilan g¢alismada
bilyeli ve makarali rulmanlarin tasarimina yardimci
olmak i¢in Bilgi Tabanli Uzman Sistemin
uygulanmasi tartistlmistir. Bu makalede, bilyeli ve
makarali rulman tasariminda uzman = sistem
uygulamasini géstermek icin kural tabanli bir uzman
sistem programindan yararlanilmistir [8].
Ramachandran ve arkadaglar1 yaptiklari arastirmada,
mekanik  sistemlerin  tasarimi  uzman  sistem
yaklagiminin uygulanmasina yonelik olmustur [9].
Kagal ve arkadaslar1 genis bir iiriin yelpazesi olan
rulmanlarin  bilgisayar destekli olarak secilmesi

iizerine ¢alismuslardir. Veri tabani olarak Tiirkiye’de
iiretim faaliyetlerini siirdiiren ORS rulman firmasinin
rulman kataloglarin1 ve programlama dili olarak
“Delphi 5” program dilini kullanilarak rulman segimi

icin  “RULSEC” isimli ~ paket  programu
olusturmuslardir [10].
Incelenen  ¢alismalarda, gelistirilen  uzman

sistemleri i¢in KAPPA-PC paket programinin
kullanildig1 goriilmistiir [11]. Kayir ve Arkadaslari
yaptiklart bir ¢aligmada, Yapilan bu ¢alisma ile delik
delme operasyonlarinda uzman olmayan bir kisinin
takma uglu matkaplar1 ve kesme parametrelerini,
kolay, hizli ve dogru bir sekilde secebilmesini
saglayan EIDT (Expert for Insert Drilling Tool) adl
bir uzman sistem geligtirmiglerdir [12]. Yine Kayir ve
arkadaglar1 yaptiklar1 bir bagka ¢aligmalarinda,
ExpertTS, Kappa-PC uzman sistem paket programui ile
kesici ucun bir uzmana ihtiya¢ olmadan kolayca
secilebilmesini saglayan bir sistem gelistirmislerdir.
Boylelikle de vida agma islemlerinde dogru ve hizli
karar verme saglanmistir [13]. Kaan ve Arkadaslari,
yaptiklar1  bir ¢aligmada, imalatta kullnilan
Aluminyum malzemelerinin  seg¢imine  yonelik
Al expert isimli bir uzman sistem gelistirmislerdir
[14]. Gelistirilen Al expert sistem, istenen malzeme
ozelliklerini (mekanik 6zellikler, islenebilirlik, vb.)
dikkate alarak en uygun Aluminyum alagimina karar
verebilmektedir.

Yapilan ¢alismalar degerlendirildiginde gelistirilen
uzman sistemlerin makine ve imalat sektorlerinde
birgok uygulama i¢in (makine elemaninin,
malzemelerin, isleme operasyonlarinin, vb. unsurlarin
secimi) yaygin kullanildigi goriilmiistiir.

Makine imalat sektorlerinde rulman segimi hayati
bir 6neme sahiptir. Dogru karar vermek uzmanlik ve
tecriibe gerektiren, zaman alic1 bir uygulamadir.

Dolayisiyla bu c¢aligmada, makine imalatinda
uygun rulmanin se¢imini yapan bir uzman sistem
geligtirilmistir. Uzman sistemin gelistirilmesinde,
KAPPA-PC programu tercih edilmistir.

2. YAPAY ZEKA (ARTIFICIAL INTELLIGENCE)

Yapay  zeka, insanin  zeka  gerektiren
davranislarinin  6zelliklerini taklit eden bilgisayar
sistemlerini tasarlamak ve gelistirmekle ugrasan
bilgisayar biliminin bir brangidir [13-15].

Yapay Zeka; makine goérme yetenegi, konusmayi
tanima, robotik, ses tanima, tabi dil isleme, desen
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tanima, makinenin 6grenmesi ve uzman sistemler gibi
konularla ilgilenir [16].

Yapay zeka tekniklerinden olan uzman sistemler
bir¢ok alanda yaygin kullanilan ve ticari yonde bircok
uygulamanin gelistirildigi bir yontem olmustur.

2.1. Uzman Sistemler (Expert Systems)

Uzman sistemler bir bilgi tabanindan, bir veri
bankasindan, bir sonug¢ ¢ikarim mekanizmasindan ve
desteklenmis programlardan meydana gelir [12-14,
17]. “Uzman sistem Ozel bir takim problemlerin
coziimiinde, uzmanlarin bilgisini ve ¢ikartim siirecini
taklit etmeyi amaglayan danisman programlardir [1].
Uzman sistemler yapay zeka programlama
tekniklerinden birisi olup, belirli bir alanda uzman
kisiler (doktor, mithendis, ekonomist, vb.) tarafindan
tanimlanmis bilgilere ve analitik kurallara dayanarak
sadece o alanla ilgili problemlere bir uzman kisinin
getirdigi sekilde ¢oziimler getirebilen ve kararlar
verebilen bilgisayar programlaridir [18]. Uzman
sistemin (ES) arkasindaki temel fikir, uzmanligin bir
insandan bilgisayara aktarilmasidir [19].

Uzman sistemlerin  gelistirilmesinde  birgok
bilgisayar programlama dili (c++, c#, basic, pascal,
vb.) kullanilmaktadir. Bununla birlikte, hazir
gelistirilmis ve amaca yonelik uyarlanabilen paket
program (expert shell) seklinde olan uzman
sistemlerde bulunmaktadir (Kappa-PC, Leonardo,
Exys, vb). Uzman sistemler, kural tabanli, bilgi tabanli
sistemler olarak da adlandirilirlar. Genelde uzman
sistemler su bilesenlerden meydana gelmektedir [20]:

. Bilgi Tabani (Knowledge Base)
. Muhakeme Unitesi (Inference Engine)
. Kullanic1 Arabirimi (User Intereface)

Uzman sistemler, bir sonuca ulagilmasinda
kurallart kullanmaktadir. Kurallarin
degerlendirilmesinde, muhakeme edilmesinde iki
temel teknik kullanilmaktadir.

. Ileriye Dogru Zincirleme
. Geriye Dogru Zincirleme

ileriye dogru zincirleme (Forward chaining)
Muhakeme iinitesi, problemin en bagindan baslayarak
(IF ctimlesinden) sonug¢ kismina (THEN) ulagmasidir.
Bu yontem Tiimevarim mantigt ile ¢aligir. Biitiin
kurallarin sart1 saglayip saglamadigi g6z Oniinde
tutularak sonuca ulasilir. Eger sartlar sagliyor ise

“Then” kisminda yer alan yargi ciimlesi dogrudur. Bu
climle sartlara gore elde edilen sonugtur.

KURAL 1 HKURALZ —+ KURAL 3 HKI?RAI.rn }—; SONUC

Sekil 1. ileriye dogru zincirleme [20](Forward chaining)

Geriye dogru zincirleme (Backward Chaning)
Muhakeme iinitesi; problemi ¢dzerken kuralin en sonu
olan sonu¢ (THEN) ciimlesi ile baglar ve sart (IF)
ciimleleri tatbik edilerek ¢6ziim bulunur. Yani bu tiir
zincirleme Tiimdengelim ilkesini temel olarak alir ve
sonu¢ kismimi saglayacak biitiin kurallar1 tek tek
inceler.

KURAL | H KURAL 2 F—

Sekil 2. Geriye dogru zincirleme [20] (Backward
Chaning)

KURAL3 | g [ KURALn |gq— 1 SONUC

Geriye dogru zincirlemenin, Genislik 6ncelikli ve
Derinlik o6ncelikli olmak iizere iki sekli vardir.
Geniglik oncelikli geriye dogru zincirleme, o anda
eldeki amaca ¢6ziim bulmak i¢in tiim kurallarin sonug
kismin1 kontrol eder. C6ziim bulamazsa kurallarin sart
kisimlarina bakar. Derinlik oncelikli geriye dogru
zincirleme ise, eldeki amaca ¢6ziim bulmak i¢in ilgili
bir kural bulur ve bu kuralin 6nce sart kismina bakar.
Bu kuralin sart kismi sonuca gotiirmezse baska bir
kural arar [21].

3. RULMANLAR VE RULMAN SECIiMi
(BEARINGS AND BEARING SELECTION)

Rulman i¢ ve dig bilezikler arasinda yuvarlanan
elemanlar (bilye, makara, vb.) vasitast ile minimum
stirtiinmede calisan, doner hareket yaparak ebadina ve
bicimine gore farkli yiikler tasiyan makine
elemanlaridir. Bu sayede malzeme kayarak degil
yuvarlanarak hareket veya is irettiginden siirtiinme
minimum olmakta ve enerji daha az kullanilmaktadir.
Rulmanlar yatay ve dikey olarak caligabildigi i¢in
radyal veya eksenel rulmanlar olarak tabir edilirler
[22]. Genel olarak rulmanlar, dis bilezik, i¢ bilezik,
yuvarlanma elemanlar1 ve kafesten meydana gelir
(Sekil 3). Kafes, yuvarlanma elemanlarim tek bir hat
iizerinde tutar ve yiliksek hizlara c¢ikildiginda,
yuvarlanma elemaninin birbirlerine ve her bir noktaya
temas etmelerini onler [10].
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1-D1s bilezik

2-i¢ bilezik

3-Yuvarlanma elemani (bilye)
4-Kafes

Sekil 3. Rulman Elemanlari [10] (Bearing Companents)

3.1. Rulmanlarimn  Simflandirilmas1  (Bearing
Classification)
Rulmanlarin siniflandiriimasi yuvarlanma

elemanina gore yapilir.

0®®®®®°

Sekll 4. Baz1 rulman turlermm 2B glzlmlerl ve 3B kat1
modelleri: a) Sabit bilyeli rulman, b) Oynak makarali
rulman, c) Silindirik makarali rulman, d) Konik
makarali rulman, e) Oynak bilyeli rulman, f) igneli
rulman, g) Eksenel bilyeli rulman [24]

(2D drawings and 3D solid models of some bearing types:a) Deep
groove ball bearing, b) Spherical roller bearing, c) Cylindrical
roller bearing, d) Tapered roller bearing, e) Spherical ball bearing,
) Needle roller bearing, g) Axial ball bearing)

3.2. Rulman Se¢im Kriterleri (The Bearing Selection
Criterias)

Rulmanlar, hareketli millerin sabit govdelere
yataklanmasi i¢in kullanilan makine elemanlaridir.
Makine teknolojisinin gelismesiyle birlikte kullanim
alanlar1 ve oranlart olduk¢a artmaktadir. Makine
tasariminda vazgecilmez olan bu makine elemaninin
cok fazla ¢esidi bulunmaktadir. Bunlar en modern
imalat yontemleri ile ve yiiksek kalitede malzeme
kullanilarak iiretilebilmektedirler. Bir¢ok rulman
arasindan, cesit ve 6l¢ii bakimindan en dogru rulmani
secebilmek optimum makine tasarimi i¢in oldukca
Onemlidir. Biitin rulmanlar, birbirinden farkli
karakteristik Ozellik tagirken, birbirlerine benzeyen
cok yonleri de vardir [23]. Bu yiizden en uygun olan
rulmant se¢gmek kolay olmamakla beraber rulman
seciminin asil amaci, rulmanin uzun Omiirlii
caligmasini ve gorevini tam olarak yerine getirmesini
saglayabilmektir [22]. Rulmanlarin se¢iminde, hacim
Ol¢iilerinin yani sira yatak yiikiiniin cinsi ve miktari,
ongoriilen c¢alisma Omrii ve yataklama emniyeti
dikkate alinmaktadir [24]. Bir rulmandan beklenen en
onemli Ozellikler uzun Oomiir, yiiksek giivenirlik ve

ekonomikliktir. Bunlara erisebilmek igin tasarimci,
rulmani etkiyen tiim sartlar1 ve faktorleri diistinmek
zorundadir. En ekonomik rulman seklinin, yapilan
secim alternatifleri ile kiyaslanarak, rulmana etki eden
faktorlerin ne dlgiide géz Oniine alinmasi gerektigine
karar verilir [10]. Pek ¢ok rulman arasindan en dogru
rulmant se¢ebilmek igin ¢esitli dis etkenleri etraflica
diistinmek gerekir.

4. GELiSTIiRILEN UZMAN SiSTEM (DEVELOPED
EXPERT SYSTEM)

Gelistirilen Uzman Sistem Destekli Rulman
Se¢imi  programi i¢cin KAPPA-PC programi
kullanilmustir. KAPPA-PC uzman sistem
uygulamalarini gerceklestirmek igin hazirlanmig bir
uzman sistem paket programidir [25]. Bilgi tabani,
uzmanlik bilgisinin temsil edilmesi i¢in kullanilan
kurallar ve nesnelerden meydana gelir. Uzman sistem
paket programlari sayesinde uzman bir kisinin
bilgileri bilgisayara aktarilip digerlerinin kullanimina
sunulabilir ve wuzman olmadiginda bu sisteme
danisilabilir. Uzman sistem paket programlari klasik
bilgisayar = programlarindan  farklidir.  Klasik
programlama dilleri ile uzun siire alacak bir uzman
sistem gelistirme, bu tiir paket programlar sayesinde
daha kisa siirede hazirlanabilir. Klasik programlama
dillerinde (Pascal, Fortran, C++ vb.) gelistirilen
programlar problemleri programcinin diigiindiigii tek
tip yontemle ¢ozerler ve bu programlama dillerinin
kendi kendilerine karar verme yontemleri yoktur [26].

Geligtirilen Uzman Sistem Destekli Rulman
Se¢imi programinda 12 ¢esit rulman tipi ve bu rulman
tiplerini belirlemek i¢in 15 tane rulman se¢im kriteri
belirlenmistir. “IF” — “THEN” yapilar1 kullanilarak 12
rulman tipi ve 15 rulman segim kriteri i¢in “TRUE”
ya da “FALSE” seklinde kurallar tanimlanmistir. En
ideal rulmani segebilmek i¢in se¢im kriterlerindeki
ozellikleri “gok iyi” ya da “iyi” olacak sekilde tasiyan
rulmanlar karsisina “TRUE”, bu 06zellikleri hig
tagimiyorsa ya da az tasiyorsa “FALSE” seklinde
kurallar konulmustur. Boylece ihtiyacimiza en iyi
cevap verecek rulman tipi se¢ilmis olacaktir. Sekil 7’
de Sabit Bilyali Rulmanlarin se¢imi igin tanimlanmis
kurallar gosterilmistir.

Rulman se¢im kriterlerine gore rulman tipi
belirlendikten sonra, ikinci asamada ise rulmanin
maruz kalacagi statik ve dinamik yiikleri emniyetli bir
sekilde tasiyabilecek oOlgiilerdeki rulmanlar tespit
edilecektir.
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Rulman Bilgilerini
Degerlendir

|

Bulunan Rulman
Kriterlere Uyuyor np?

Belirlens
Rulman tipi

Sekil 6. Programin akis semast (The Program flow chart)

I Rulmean Yakoeh_Fiz - TRUE) And B
RulmarDusel Sutwene - TRUE i

<

[0}

‘Then{S etValue(Rulman:Rulman_Tepleri, Sabit Bilyali Rulmarlar );

il >

Sekil 7. Sabit Bilyali Rulmanlarin se¢imi igin
tanimlanan kurallar (Rules for selection of deep groove ball

bearings)

Uzman Sistem Destekli Rulman Se¢imi igin
gelistirilen programda Ortadogu Rulman Sanayi
(ORS) katalogunda belirtilen geometrik dl¢ii degerleri
ile statik ve dinamik yiik degerleri esas alinmustir.
Kullanici tarafindan girilen statik ve dinamik ytiiklerin
ikisini birden ayn1 anda tagiyabilecek rulmanlari tespit
etmek i¢in kurallar tanimlanmigtir (Sekil 8). Program
kullanicinin girdigi yiik degerlerini maksimum deger
olarak kabul edecektir. Ornek olarak, statik yiik degeri
0.22 kN'dan biiyiik, 0.51 kN'a esit girildiginde ve
dinamik yiik degeri ise 0.51kN'dan biiyiik ve 1.06
kN'a kiigiik girildiginde, gelistirilen sistem, ORS
rulman kataloguna gore Sabit Bilyali Rulmanlar
grubunda bulunan 624 rulman kodu, kullanicrya
Onerecektir.

IX Function Editor - Bull o [=] 3}
Update Edt Search Options Help
Arguments:
|
Body:
T3 [l
(Rulwan: $tatik_Tukl<=0,51 And
(Rulwan: Statik Tukl»0.22) | And

(Rulman:Dinamik Yukl<=1.06 And
(Rulnan:Dinauik ¥ukl»D.51))

Then {

[DisplayText { Transcriptl,FormatValue{ "
[RULMAN KODT: ,

624,

[RULMAN OLCULERT: ,

Fulman i¢ capi: d=dum,

[Fulman dis Capi: D=13mm,

Pulwan Genisligi: B=5mu"))

< I o |

Sekil 8. Statik ve dinamik yiiklere gore rulman kodu
bulan 6rnek kural (Sample rule finding bearing code according

to static and dynamic loads)

Uzman Sistem Destekli Rulman Se¢imi, programi
kullanicinin girdigi statik ve dinamik yiiklere goére
rulman kodunu bulmanin yani sira, her biri i¢in ayr1
ayrt olmak iizere rulman i¢ ¢ap1 (d), rulman dis ¢ap1
(D) ve rulman genisligi (B) degerlerine gore de
sorgulama yapip en uygun rulman kodunu
bulmaktadir. Bulunan rulman koduna gore bu rulmana
ait rulman i¢ ¢ap (d), rulman dis ¢ap (D), rulman
genisligi (B) ile ORS rulman katalogunda belirtilen
max tagiyabilecegi statik ve dinamik yiikleri de
SONUC ekraninda kullanictya sunmaktadir. Rulman
i¢ ¢ap degerine gore rulman kodu sorgulama kurallar
Sekil 9'da gosterilmistir. Kullanicinin girdigi i¢ ¢ap
degerinde ya da diger sorgulama degerlerinde birden
fazla rulman kodu varsa Uzman Sistem Destekli
Rulman Se¢imi programi bu kodu ve bu koda ait
rulman degerlerini de yine SONUC ekraninda
kullaniciya sunmaktadir.

=l
Update Edt Search Options Help
Arguments:
)
Body:

L]

If(Rulaen:ic_Cap=d)
Then {

[pisplayText [ Transcriptz,FormatValue(
“RULMAN EODU:

624,

[RULMAN OLCULERI:,

[Fulnan ig gapi: d=dmm,

[Rulman dis Gapi: D=13mm,

[Fulzan Genisligi: B=5ma,

Statik Yuk<=0.51,

Dinamik Yukl<=1.06"1)

|

< T v

Sekil 9. Rulman i¢ ¢apina gore rulman kodu bulan

ornek kural (Sample rule finding bearing code according to
bearing inner diameter)
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4.1. Program Meniileri ve Ornek Bir Uygulama
(Program Menus and Sample Application)

Programin kullanici ara yiizli, renkli, kullanimi
kolay sekilde hazirlanmistir (Sekil 10). Ara yiiziin
tasariminda gorsel nesneler kullanilmistir. Gorsel
nesneler (diigme, kutu, vb.), program iizerinde
anlagilir  sekilde konumlandirilmistir.  Rulman
seciminin  her adimi1 icin  gorsel nesneler
kullanilmustir. Kullanicinin herhangi bir katalog ya da
tablo kullanmasina gerek kalmamistir. Gerekli
yerlerde agiklama yazisi konularak kullanicinin
programi kullanmasi kolaylastirilmustir.

Uzman Sistem Destekli Rulman Seg¢im
Programinin ana sayfasinda rulman se¢iminde dikkate
alman 15 yapisal kritere (Radyal yiik tasima, Eksenel
yik tasima, Acisal kagiklik, Yiiksek hiz, Diisiik
sirtinme, Yiksek radyal rijitlik, Yiksek eksenel
rijitlik, vb) yer verilmistir. Tim Kiriterler igin
Kullaniciya program sayfasi iizerinden se¢imi
yapabilme imkani1 verilmistir (Sekil 10).

Kullanici bu 15 rulman se¢im kriterinden herhangi
biri hakkinda bilgi almak istedigi zaman, ilgili kriteri
sectikten sonra ACELAMA  byutonuna tiklamalidir.
Ornegin. kullanici Radyal Yiik Tagima segenegini
segip ACHKLAMA 1,,0nuna tikladiginda (Sekil 11 (a)),
veva Eksenel Yik Tasima secenegini segip
ACIKLAMA  {yytonuna tikladiginda (Sekil 11 (b))
ekrana Radyal Yiik veya Eksenel Yiik ile ilgili gorsel
ve yazili anlatimin oldugu pencere agilacaktir. Bu
sekilde kullanici, diger rulman sec¢im kriterleri
hakkinda da bilgi alabilecektir. Gerekli bilgi
alindiktan sonra Tamam butonu ile bu pencere
kapatilir.
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En uygun rulman tipini bulabilmek i¢in rulman
se¢im kriterleri isaretlenerek RULMAN TiPiNi
SEC butonuna tiklanir. Uzman Sistem Destekli
Rulman Sec¢im Programimiz, isaretledigimiz rulman
secim kriterlerini ¢ok iyi ya da iyi oranda tasiyan
rulman tipinin {izerini kirmizi renkte yakarak, 12
rulman tipi arasindan istedigimiz 6zelliklere en uygun
rulman tipini bize gdsterecektir (Sekil 12). Ornegin
kullanici, rulman se¢im kriterlerinden radyal yiik
tagima, eksenel yiik tasima, agisal kagiklik, yiiksek
hiz, diigiik siirtinme, yiiksek radyal rijitlik, yiiksek
eksenel rijitlik, yiiksek hassasiyet, radyal boyut ve

sizdirmazlik ~ 6zelliklerini segip =
butonuna tikladiginda program bize Oynak Makarah
iki Sirah Rulmanlar' 1 sececektir (Sekil 12 (a)). Yine
kullanici, rulman se¢im kriterlerinden radyal yiik
tagima, yiiksek hiz, diigiik siirtinme, yiiksek radyal
rijitlik, eksenel boyut, radyal boyut, sessiz ¢aligma,
sizdirmazlik ve paslanma korumali 6zelliklerini segip

butonuna tikladiginda program bize
Sabit Bilyali Rulmanlar' 1 segecektir (Sekil 12 (b)).
Rulman tipi belirlendikten sonra rulman kodunu
bulmak i¢in ve ya bir rulman tipi hakkinda bilgi
edinmek i¢in rulman tiplerinin karsisinda bulunan

E butonuna tiklanmalidir. Ornek olarak Sekil 12
(b)'de segilen rulman se¢im kriterleri sonucu
programimizin gosterdigi Sabit Bilyali Rulmanlarin

karsisinda bulunan E tiklandiginda Sekil 13
(a)'da gosterilen pencere ekrana gelecektir.

[ rersammenyacprisaarrer |

M dmim B Cortred Opters

SABIT BiLYALI RULMANLAR

Sekil 13. Sabit bilyeli rulmanlar hakkinda agiklama
(Description of deep groove ball bearings)

Kullamcl | T?TSABIT BiLYALI RULMANLAR??? |

butonuna tiklayarak secilmis olan rulman tipi
hakkinda bilgi sahibi olacaktir (Sekil 13 b).
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Sekil 13. Statik yiik ya da dinamik yiik hakkinda
aciklama (Description of static load or dynamic load)

Kullanicr yine bu saifada bulunan
butonuna ya da amik Y7 | butonuna tiklayarak

da Sekil 13 (a)'da gosterildigi gibi statik yiik ya da
Sekil 13 (b)'de gosterildigi gibi dinamik yiik hakkinda
bilgi sahibi olacaktir.

Tablo 1'de ORS rulman sanayi katalogunda verilen
sabit bilyeli rulman boyutlar1 ve tasiyabilecekleri
statik ve dinamik yiik degerlerinden bir bolimi
verilmistir. Burada verilen degerler max degerler olup
programdaki  kurallar  bu  degerlere  gore
tanimlanmistir. Kullanicinin girdigi hem statik yiik
hem de dinamik yiik degerinin ikisini birden saglayan
rulmanin kodunu hazirladigimiz program SONUC
ekraninda gosterecektir.
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Sekil 14. Statik ve dinamik yiikler sonucu rulman

kodunun bulunmasi (Determination of bearing code as a
result of static and dynamic loads)

Ornek olarak kullanict hem statik yiik degerini
hem de dinamik yiik degerini 3 olarak girmis olsun.

butonuna tiklandiginda programimiz,

sonu¢ ekraninda Rulman kodunu 629 olarak
gosterecektir. Ayrica programimiz  kullaniciya,
bulunan bu rulman koduna ait rulmanin i¢ ¢ap (d), dis
cap (D) ve rulman genisligi (B) hakkinda da bilgi

Reset

verecektir. Buradan istenirse butonuna
tiklayarak yeniden statik dinamik yiik degerleri
girilerek yeni sorgulama yapilabilir. Istenirse

Aom Fayfa butonuna tiklayarak Ana sayfaya

doniiliir. Ana sayfadaki butonuna tiklanarak
program yeni bir rulman tipi sorgusuna hazir hale
gelir. Rulman Se¢im Kriterleri isaretlenerek yeni bir
rulman tipi segilebilir.

Tablo 1. Sabit bilyeli rulman boyutlan igin katalog degerleri (Catalog values for deep groove ball bearing dimensions)

Ana olciiler Semboller Yiik tasima kapasitesi
d D B Ciso Coiso
mm kN kN
3 10 4 623 0.51 0.22
13 5 624 1.06 0.51
16 5 634 1.50 0.75
5 16 5 625 1.50 0.75
19 6 635 2.21 1.16
6 19 6 626 1.91 1.00
7 19 6 607 1.91 1.00
22 7 627 2.60 1.37
8 22 7 608 2.60 1.37
24 7 609 2.90 1.56
26 8 629 3.60 2.00
10 28 8 161 00 4.00 2.24
26 8 60 00 3.96 2.23

Eger rulman i¢ ¢ap, rulman dis ¢ap ve ya rulman
genigligine gore rulman kodu bulmak isteniyorsa bu

sayfada bulunan butonuna tiklanir. Ag¢ilan

pencerede (Sekil 15) kullanict rulman i¢ ¢ap, rulman
dis ¢ap ya da rulman genisligi degerlerinden sadece
birisini kullanarak rulman kodunu bulabilir. Bulunan
rulman koduna ait rulmanin i¢ ¢ap, dis ¢ap, rulman
genisligi, tastyabilecegi max statik ve dinamik yiikler
SONUC ekraninda  gosterilmektedir.  Ornegin,
kullanict rulman i¢ ¢ap degerini 7 mm olarak girsin.

Rulman Kod Bul -
butonuna tikladigi zaman program

SONUC ekraninda 607 ve 627 kodlu rulmanlari
gosterecektir. Aynt zamanda bu rulmanlara ait rulman
ic ¢api, rulman dis ¢api, rulman genisligi,
tagiyabilecegi statik yiik ve tasiyabilecegi dinamik

yik  degerlerinide yine SONUC ekraninda

gosterecektir (Sekil 15).
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Sekil 15. Rulman i¢ ¢ap degerine gore rulman

kodunun gésterilisi (Indication of bearing code according to
bearing inner diameter)

Eger girilen rulman ¢ap degerlerinde ya da rulman
genigliginde birden fazla rulman kodu varsa program
bu rulman kodlarmi da SONUC ekraninda
gosterecektir (Sekil 15). Ayrica yine kullaniciya bilgi
vermesi acisindan her rulman tipinin iki boyutlu resmi
ve bu resim iizerinde rulman i¢ ¢ap1 (d), rulman dis
capt (D) ve rulman genisligi (B) gosterilmistir.
Boylelikle kullanict bu konularda da bilgi sahibi
olacaktir.

Kullanict bu sayfada iken butonu ile
yeni bir sorgu i¢in girilen degerleri sifirlayabilir,

fm®® | butonu ile de ana sayfaya donebilir. Ya

da statik yiik ve dinamik yiikle rulman kodu bulma
sayfasina da donebilir.

5. SONUC (CONCLUSION)

Giiniimiizde hemen hemen her alanda kullanilan
rulmanlarin se¢imi oldukg¢a karmasik ve zaman alan
bir iglemdir. Bu karmasik islemi kolaylastirmak ve
dogru rulman se¢iminin yapilabilmesini i¢in KAPPA-
PC paket programu ile bir uzman sistem
gelistirilmistir. Uzman Sistem Destekli Rulman Se¢im
Programu ile kullanim amaglarina, kullanim yerlerine
ve istenen Ozelliklere gore 15 tane rulman se¢im
kriterleri belirlenmistir. Kullanicinin gerek duymasi
halinde, rulman sec¢im kriterleri hakkinda gorsel ve
yazili olarak kullanicinin bilgilenmesi saglanmustir.
ORS rulman katalogu kullanilarak bu kriterlere uygun
12 ¢esit rulman tipi belirlenmistir. Geligtirilen uzman
sistem, girilen kriterlere gore en uygun rulmani
kullaniciya  Onermektedir. ~ Bununla  birlikte,
kullanicinin gerek duymasi halinde 6nerilen rulman
tipi hakkinda gorsel ve yazili olarak kullanicinin
bilgilenmesi saglanmistir. Rulman tipi belirlendikten
sonra kullanict isterse statik yiik ve dinamik yilik
degerlerine gore, isterse de rulman i¢ ¢api1 (d), rulman
dis cap1 (D) ya da rulman genigligi (B) degerine gore

rulman kodunu bulabilmesi imkani verilmistir.
Tasarlanan program kullanici yiizii sayesinde, rulman
secimi konusunda uzman olmayan kullanicilarin
programt kolay kullanabilmesi ve en uygun rulmani
bulabilmesi saglanmigtir. Bdylelikle de Rulman
secimi ile ilgili olarak ihtiya¢ duyulan uzman
gereksinimi ve ilgili tablolara bakma ihtiyaci en aza
indirgenmistir.
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Bilgisayar destekli dijital oyunlar1 oynayanlarin sayist ve oyuncularin oyun basinda gecirdikleri
stire her gecen giin artmaktadir. Bu siirelerin daha verimli bir sekilde gecirilebilmesi igin
motivasyon giicii yiiksek olan oyunlarin egitim siirecinde kullanilmasi gerekmektedir. Boylece
ogrenci hosca vakit gecirirken 6gretilmek istenilen konuyu 6grenebilecek, oyun ortamu ile
ogrencideki kaygi azalacak ve bireysellestirilmis Ogrenme ile &grencide olusan yapamama
korkusu yenilebilecektir. Bu ¢alismada, C# programlama dili kullanilarak bir yilan oyunu tasarimi
gerceklestirilmistir. Bu oyun temel 6gretim kademesindeki 3. ve 4. smif 6grencilerinden 123
Ogrenciye oynatilmigtir. Yapilan calisma ile matematikte dort islem konusu, yilan oyunu ile
birlestirilerek egitimin eglenceli bir sekilde ger¢eklestirilmesi amaglanmistir. Bu amagla bir egitsel
yilan oyunu tasarlanmig, oynatilmig ve tasarlanan oyun ile ilgili anket sorulari bir arastirma
cercevesinde ilkogretim 3. ve 4. smifa giden 123 6grenciye uygulanmustir. Alinan cevaplar
istatistiksel olarak degerlendirilmis ve sonuglar incelenmistir. Yapilan arastirma sonucuna gore
ogrencilerin %851 yapilan ¢alismanin matematikte dort islem konusunu anlamada ve bildiklerini
gelistirmekte faydali oldugunu belirtmislerdir.
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The number of people who play computer-aided digital games and the amount of time the players
spend at the game is increasing day by day. To pass these periods more efficiently, the games
with high motivation should be used in the educational process. Thus, the student will be able to
learn the subject while having a pleasant time, the anxiety of the student will be reduced with the
game environment and the fear of failure will be overcome with the individualized learning. In
this study, a snake game design was realized by using C# programming language. This game was
played by 123 students from 3rd and 4th grade students in basic education level. The aim of the
study was to combine the four mathematical operations with the snake game and make the
education fun. For this purpose, an educational snake game was designed and played by the
students and the questionnaire related to the game was applied to 123 students attending 3rd and
4th grades of primary education. The responses were evaluated statistically and the results were
examined. According to the results of the research, 85% of the students stated that the study is
useful in understanding the four operations in mathematics and developing what they know.
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1. INTRODUCTION (GiRis)

Technological advances lead to changes in
people’s interests and habits, perception and
interpretation and learning methods [1], [2]. Along
with the changing technology, the change that has
started in many areas has also shown itself in the field
of games and entertainment. With this change, the
qualities of the games have also changed and today the
concept of games is generally understood as computer
games. One of the main reasons for this is that the
computer has become an indispensable part of our
lives. Nowadays, computer games, which are more
preferred than other environments as an entertainment
tool, attract the attention of people of all ages and
players spend a lot of time on computer games. It was
seen that World of Warcraft players spend 22.7 hours
a week for the game. The total time spent on “Call of
Duty Black Ops” exceeded 600 million hours within
the first month after the game was released [3].

When learners are motivated by what they want to
learn, they desire to spend time and effort for learning
and use what they have learned in the future [4].
According to Malone, the use of computer games in
education and training increases the motivation of
learners [4], [5]. Therefore, an effective and efficient
learning environment will be created by using
computer games in education. Educational computer
games are not only an interesting type of game, but
also help students to develop their skills and include
information about the course in which the game is
prepared [6]. Students will learn about the subject and
reinforce their previous knowledge while having a
pleasant time with educational computer games [7].
Thus, educational computer games will increase the
students’ interest in the lessons and contribute to the
permanent learning. Cankaya and Karamete[8] have
designed an educational game about the ratio-ratio in
mathematics for primary school students. Then, they
examined the effect of the game they designed on the
students’ educational computer games and their
attitudes about mathematics lesson. As a result,
students’ attitudes towards mathematics course with
educational computer games were positive. Topcu ve
ark. [9] conducted a study in order to reveal the
opinions of prospective elementary school teachers
about the use of educational computer games in the
teaching of elementary mathematics. As a result of the
research used qualitative research methods,
prospective teachers stated that educational computer
games would provide benefits such as visualizing
concepts, developing thinking skills, learning by

having fun, games endear mathematics lesson and
learning more permanent.

According to Malone, who states that motivation is
necessary for effective learning, intrinsic motivation
factors must be present in the game to create a good
and interesting computer game. These intrinsic
motivation elements are fantasy, challenge and
curiosity. Another intrinsic motivation is control [4],
[10]. The high teaching capacity of these features in
computer games reveals the necessity of using
computer games in education and training. Bakar ve
ark. [11] conducted a study to reveal students’ views
on the use of educational computer games in courses
in formal education. They carried out the study during
9 weeks with the 6th grade students who took social
studies course. As a result of the research used
qualitative research methods, it was stated that the use
of educational games in social studies course
increased the motivation of the students and the
students liked the educational games. In addition,
Ercan ve ark. [12] prepared a web-supported material
called “kimyagerin simifi” for 9th grade students. 54
students participated in the study and quasi-
experimental research design was used in the study.
Experimental research lasted 4 weeks and the results
of the research indicated that there was a significant
difference in the students’ attitudes towards chemistry
and academic achievement in favor of the
experimental group.

Computer games offer an individualized learning
environment that takes into account the student’s
interests and desires, appropriate for the level and
could be arranged to the learning speed of the student.
In addition, with the help of educational computer
games, the student stays active during the game,
which makes a significant contribution to the
realization of permanent learning.

The time spent on the games is increasing in the
world and in our country. In this study, an educational
snake game was designed to convert the time spent on
the game to a more productive process and to provide
students with educational information in this period. It
is aimed to develop four mathematical operations with
the game of snake, which attracts people of all ages in
the world. To this end, the player will use the numbers
and operations on the playing field to obtain the
desired number of points while playing the snake
game. In this way, it will be possible to develop the
students’ mental computation skills, to provide
education in a fun way and to provide effective and
permanent learning with active participation. In
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addition, the player can choose a game that suits his /
her own level in the study so that people of all ages
can play educational snake game.

In this study, it is aimed to improve the four
operations of 2nd grade and above students, to
reinforce their existing knowledge and to change their
negative attitudes towards mathematics. For this
purpose, a digital snake game was designed using C #
programming language to enable students to perform
four operations in mathematics by playing games. The
designed educational snake game was played by 123
students consisting of 3rd and 4th grade students in
primary school and a questionnaire was conducted
with these students. With this survey, students’
attitudes towards mathematics and game were tried to
be determined and thus the effects of educational
game on mathematics achievement and student
motivation were evaluated and the results were
presented as proportional and statistical.

1.1 Digital Gaming (Dijital Oyun)

The progress of technology day by day,
urbanization, decreasing playgrounds and access to
technology have changed the playing habits of
children. Nowadays traditional games have been
replaced by digital games which is playing in digital
areas such as computers and phones. In the first time
produced for entertainment purposes, digital games
were used for educational purposes in the future.
Digital games designed for educational purposes are
called educational digital games[13].

2. METHOD (YONTEM)
2.1. Working Group (Calisma Grubu)

The research related to the game design was carried
out with 123 students randomly selected from the 3rd
and 4th grade students of a primary school in Karatay
district of Konya. 71 female and 52 male students
participated in the survey. In the study, the
distribution of male and female student were in
balance.

2.2. Game and Educational Computer Games (Oyun
ve Egitsel Bilgisayar Oyunlary)

There is no definite definition for the game
concept. Generally speaking, game is something that
people do willingly and obligatory works are not
games [14], [15]. According to Plensky, there are six

basic elements that must be present in a game [16].
These are: rules, goals and objectives, outputs and
feedbacks, competition / competition, interaction and
story. Games are considered to have positive effects
on the motivation of players [10]. With this
motivation, players will be able to gain the
information they need while they are playing the
game. Games can be used in education as an
alternative, complementary and enriching to other
teaching methods [17]. According to Demirel et al.,
games are the software created in game format to
improve students’ problem solving competencies and
to enable them to learn course topics [18]. If the
educational games which contribute to the
development of students’ decision making, thinking
and communication skills are well designed, the
entertainment and learning process can be provided
simultaneously. In this way, students will be more
willing to learn the subject and an efficient learning
will be provided. The fact that educational computer
games are learned easily allows users of all ages to
play these games.

2.3. Four Operations with Educational Snake
Game (Egitsel Yilan Oyunu Ile Dirt Islem Hesaplama)

Educational snake game is a game designed for 2nd
grade and above students to develop their skills for
four mathematical operations and to reinforce their
current knowledge.

It is thought that the anxiety about mathematics
plays an important role in the failure of the students
[19]. Students are afraid to make mistake in
mathematics, so they avoid maths and then fail [20].
New methods such as direct expression and question-
answer techniques, which support traditional
techniques and compatible with developing
technology, should be preferred to eliminate
prejudices against mathematics and to make students
like mathematics [21]. The educational snake game
designed for this purpose provides an environment
that can create student-centered learning, motivate the
student and increase his/her interest in the lesson.

With the educational snake game, each student will
be able to play at an appropriate level for them. In this
way, students’ confidence will develop with questions
that go from easy to difficult and fear of failure will
be overcome. With the educational snake game, the
student will be actively involved in the education
process by having fun without being bored and by
making and living. The fact that the student will be
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active during the game will make him interested in the
lesson and the subjects will be more permanent.

The educational snake game is a game that students
can learn while having fun. Before starting the game,
the student will select a difficulty level in the screen
that corresponds to his or her level. Figure 1 below
shows the level scren.

ﬂ EDUCATIONAL SNAKE - | X

EDUCATIONAL SNAKE v.2.3.8
°EASY ©MEDIUM °©HARD
START GAME

Figure 1. Level Screen (Sevive Ekrani)

After the difficulty level is determined, the game
window in Figure 2 will be displayed in which the
player is asked the questions according to the
difficulty level. The student will try to get the desired
number by taking the numbers and the processes in the
playing field with the snake. There is a time limit for
this process. The sooner the student answers the
desired number, the different points will be obtained
according to the response time. In this way, the game
will not be monotonous and the player will be able to
participate more actively. Figure 2 below shows the
screenshot of the educational snake game.

Figure 2. The screenshot of the educational snake
game (Egitsel yilan oyunu ekran goriintiisii)

Game so that continuity in the game is provided
and it is aimed not to let the player leave the game in
any wrong. If the desired number cannot be found or
incorrectly answered in the educational snake game,
one of the 3 lives given to the player will go away. The
game will end when all 3 lives given to the player are
completely over. In addition, the heart-shaped signs
where bonus (difficult) questions are asked will
appear on the playing field at certain stages of the
game. If the player receives the bonus mark, a more
difficult question will be asked to the player than the
existing questions. When the player answers the
question correctly, the player will receive an extra life
and be awarded a higher score. Figure 3 below shows
Bonus Question.

#) EDUCATIONAL SNAKE :2.3.8

(w1 ©9 SV

b 4
] - 1
N ¢
L N
Q |
) <
N 4 4 /
€ : b

A
A
")

Figure 3. Bonus Question (Bonus Soru)

As the player answers the questions correctly, the
difficulty level of the questions will increase at certain
intervals according to the number and score of the
questions answered correctly. As the level increases,
the student will be able to see his / her level from the
top left of the playing field. Thus, the player will not
constantly face the same numbers and processes. It is
aimed to improve the player continuously by
increasing the difficulty level in certain stages of the
game. There are 8 levels that the player can reach in
each difficulty level determined at the beginning of
the game. According to each difficulty level, the
student is asked appropriate questions and processes.
In this way, an individualized training will be
provided for each student.

In the educational snake game, the players who
lose all their lives will see a score window. In this
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window, the student will be able to register his / her
name and see the scores of the other players and the
highest rated player. Thus, the competitive
environment which increases the motivation of the
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player, one of the elements of the game, will be
provided.

Figure 4 below shows the screenshot of the
educational snake game flow diagram .
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Figure 4. Educational snake game flow diagram (Egitsel yilan oyunu akis divagram)

3. FINDINGS (BULGULAR)

The research on educational snake game was
carried out with 123 students consisting of 3rd and 4th
grade students. 71 female and 52 male students
participated in the survey. Students were informed
about the study and educational snake game in
advance. The percentage distribution of the questions
asked to the students for the research and the answers
given by the students are shown in Table 1 below.

Table 1. Research questions and results of educational
snake game (Egitsel yrlan oyunu arastirma soru ve sonuglar)

No Questions Yes No Pz;rtl
1 Do you like maths lesson? 73 6 21
2 Do you get bored during maths 13 65 29

lesson?
Do you use four operations well
3 s 61 5 34
in daily life?
4 Do you solve four operations 53 1 46

problems in mind?

Do you like playing computer

5 78 2 20
games?
6 Do you like educatignal computer 82 4 14
games?
Do you think using educational
7 games in maths is useful? 70 1 19
Do you get interested in lesson
8 more if games are used in four 70 9 21
operations?
Does the use of computer games
9 | in maths help you like lesson and | 76 6 18

make you more interested?

Did educational snake game help
10 you understand the lesson and 85 3 12
improve what you know?
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According to the answers given to the survey
questions of the students participating in the research,
73% of the students like mathematics. While the
number of the students using four operations well in
daily life was 61%, this number decreased to 43% in
solving four operations questions in mind. 70% of the
students stated that it would be good to use computer
games in mathematics lesson and four operations.
Figure 5 below shows graphical representation of
students’ answers to research questions.

100
90

HYES
40 END

Percent(%)
w
=1

M PARTLY

Questions

Figure 5. Response rates given to educational snake
game survey questions (Egitsel yilan oyunu anket sorularina

verilen cevap oranlari)

After playing the educational snake game, 85% of
the students answered ‘yes’ to the question of whether
the educational snake game was useful for students to
understand the course and improve what they knew.
During the interview, a student stated that there was
not a game or interesting content in the courses, so the
educational snake game was very good and he/she
liked it. And another student said “ Sometimes there
are visual videos in science classes, but in math class
there are no games or other content, I wish these
games were made for all subjects”.

As it was understood from the interviews with the
students and the results of the survey, the students

initially stated 70% positive opinion for the effect of
the game on the lesson, and this ratio increased to 85%
after playing the educational snake game. According
to these results, the students could not express a
definite opinion for the positive effect of the game on
the lessons because they had never encountered such
a game before, but after playing the game they reached
a more definite conclusion. Supporting the
mathematics course with different content attracted
the students’ interest and helped them to understand
the contribution of the game to the lessons.

According to the research, 5% of the students who
answered ‘yes’ to the question “Do you love
mathematics?” said ‘yes’ to the question “Do you get
bored during mathematical operations?” and 20% of
them said “partly’ to the same question. 65% of these
students answered ‘yes’ to the question “ Do you use
four operations well in daily life?”” and 32% of them
said ‘partly’. 48% of them answered ‘yes’ to the
question “Can you solve four operations questions in
mind?” and 47% said ‘partly’. 79% of the students
who liked mathematics stated that it would be good to
use games in mathematics, and 84% said that
educational snake games were beneficial. According
to these results, the level of active use of four
operations by students who love mathematics is low
and the rate of solving four operations questionsin
mind is lower. With the educational snake game, it
will be possible for the students who love mathematics
to further develop their low skills for four operations.
In addition, since they will actively perform mind
gymnastics while playing games, the rate of solving
math in mind, which is 48% among students, can be
increased further. In 6 below, the percentage
distribution of the answers given by some of the
students who answered Yes to the question “Do you
like mathematics?” is shown graphically.
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Figure 6. Response rate of the students who answered ‘yes’ to the question “Do you like mathematics?” (“Matematik

dersini seviyor musunuz” sorusuna Evet diyen 6grenci cevap oranlari)

The answers given by the students who answered
‘partly’ to the question “Do you like math lesson?” are
as follows: While 29% of the students answered ‘yes’
to the question “Do you get bored while you are doing
maths?”, 38% of them answered ‘partly’. 57% of
them answered ‘yes’ to the question “Do you use four
mathematical operations well in daily life?”” and 43%
said ‘partly.” 29% of them answered ‘yes’ to the
question “Can you solve four operations questions in
mind?” and 48% said ‘partly.” 88% of these students

57

as 28 43
29

Do you get bored Do you use four
during maths  operations wellin
lesson? daily life?

29

operations
problems in mind?

stated that they liked to play computer games, and
after playing the designed educational snake game,
95% of them said ‘yes’ to the question “Did four
mathematical operations game help you understand
the lesson and improve what you know?” In 7 below,
the percentage distributions of the answers given by
some of the students who answered ‘partly’ to the
question “Do you like maths lessons?” are shown
graphically.

95
88

48

23
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snake game help
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computer games?

EYES ENO uPARTLY

Figure 7. Response rates of the students who answered ‘partly’ to the question “Do you like maths lessons?”

(“Matematik dersini seviyor musunuz” sorusuna Kismen diyen 6grenci cevap oranlari)

80% of the students who answered ‘no’ to the
question “Do you like maths?” said ‘yes’ to the
question “ Do you get bored while doing maths?”
17% of these students answered ‘yes’ to the question
“Do you use four mathematical operaitons well in
daily life?” and 33% said ‘partly’ to the same
question. 33% of the students answered ‘yes’ to the
question “Can you solve four operations in mind?”
and 33 % of them said ‘partly’ to the same question.

113

Again, 83% of these students stated that they liked to
play computer games. 83% of them said ‘yes’ to the
question “Did four mathematical operations game
help you understand the lesson and improve what you
know?” Figure 8 below shows the proportional
representation of the answers given by the students
who answered ‘No’ to the question “Do you like
mathematics?”’
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Figure 8. Response rates of the students who answered ‘no’ to the question “Do you like maths lessons? (“Matematik

dersini seviyor musunuz” sorusuna Hayir diyen 6grenci cevap oranlari)

According to the above results, computer games
are a positive reinforcement for students. In addition,
the educational snake game attracted the attention of
the students and, since they never had such an
experience before, they saw and understood that
games could be used not only to spend time but to be
useful. From all these results, it was seen that
educational snake game had positive effects on
students.

4. CONCLUSION AND RECOMMENDATIONS
(SONUCLAR VE ONERILER)

According to the results of the research and face-
to-face interviews with the students, as the students’
interest in mathematics decreases, this attitude is
manifested in all subjects related to mathematics even
if it is easy or difficult. It was seen that the students
with low interest in mathematics had a positive
interest in computer games. In addition, it was
observed that not only the students who did not like
maths but all students were interested in computer
games. According to these results, while educational
computer game had a task of repeating the lesson,
mind exercise and reinforcing the knowledge for
students who loved mathematics lesson, it provided
the ability to choose games according to the level and
the questions from easy to difficult and it also
sustained individual learning. In this way, as the
students solved the questions with the game, their
prejudices against the mathematics lesson decreased
and they were able to overcome the feeling of not
being able to solve the mathematical problems
because they experienced the feeling of success.

According to the results of the research, 80% of the
students like to play computer games and 85% of the

students found the educational snake game successful.
The children who play the designed snake game stated
that this game is useful for understanding the lesson
better and improving what they know.

With this kind of computer-aided digital games, the
student will learn the subject in a pleasant
environment. Game environment reduces anxiety in
student, increases student’s self-confidence and
provides individual learning environment. The
motivation of the student will increase with the games,
and thus permanent learning will be realized. In
addition, since the student is constantly active during
the game, an effective and efficient learning will be
provided. Because of all these benefits, game is an
area that needs to be emphasized and studied in
education.
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Bu caligmada, iyi mekanik 6zellikler sergileyen ticari safliktaki molibden malzemeye kilavuz
cekilmistir. Ticari safliktaki molibden malzeme iizerinde gergeklestirilen vida agma
operasyonlarinda, diisiik maliyet ve yiiksek verimlilik esas alinarak uygun kesme hizinimn tespit
edilmesi amaglanmustir. Bu amagla HSS kilavuz kullanilarak dokuz farkli kesme hizinda (2, 3, 4,
5,6, 7, 8, 9 ve 10 m/dak) vida agma iglemi gerceklestirilmistir. Deneyler sonucunda, vida
diglerinin goriintiileri alinmus, dis istii, dis dibi ve dis yiiksekligi ol¢iimleri yapilmistir. Ticari
safliktaki molibden malzemeye kilavuz g¢ekilmesi esnasinda malzeme kayiplari ve kirilmalar
gozlenmistir. Bu malzeme kaybi nispeten diisiik kesme hizlarinda meydana gelmistir. 9 m/dak
kesme hizinda optimum &l¢ii degerleri elde edilirken 10 m/dak kesme hizinda kayiplar artarak vida
dis profili bozulmaya baglamistir
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In this study, molybdenum material of commercial purity with good mechanical properties was
threaded. The aim of this study is to determine the appropriate cutting speed on the basis of low
cost and high efficiency in tapping operations performed on commercial purity molybdenum
material. For this purpose, nine different cutting speeds (2, 3, 4, 5, 6, 7, 8, 9 and 10 m/min) were
performed using HSS machine taps. As a result of the experiments, the images of the screw crest,
root and the height of the thread were measured. Material losses and fractures were observed
during tapping of commercial purity molybdenum material. This material loss occurred at
relatively low cutting speeds. 9 m/min cutting speed optimum results obtained while the 10 m/min
cutting speed losses increased screw thread profile began to deteriorate.
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1. GIRIS anTrODUCTION)

ve  molibden  malzeme talebinde artiglar
yasanmaktadir [2].

Molibden, roket endiistrisinde noziiller gibi yiiksek
sicaklikta ¢aligan parcalarin liretilmesinde ¢ok dnemli
bir yer tutar [1]. Havacilik, savunma, niikleer ve
elektronik sanayilerindeki gelismelerle beraber,
yiksek sicakliklarda yiiksek mekanik o&zellikler
saglamasi nedeniyle kullanimi her gecen giin artmakta

Molibden malzeme islenirken kirilma egilimine
girer [3]. Molibden ve alagimlarmin iglenmesi diger
metal ve alagimlarinin iglenmesi siirecine benzer. Cok
basit parcalardan, ¢ok karmasik parcalara kadar
istenilen Ol¢i ve toleranslarda islem yapmak
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miimkiindiir. Yiiksek hiz celikleri, genellikle diisiik
yiizey kaliteleri veya kaba islemlerde kullanilir [4].

Molibden ve alagimlarinin islenmesiyle ilgili
literatiirde kisith ¢alismalar bulunmaktadir. Zlatin vd.,
TZM  (titanyum-zirkonyum-molibden) = molibden
alasimini da igeren c¢esitli refrakter malzemeleri farkl
kosullarda tornalama, alin frezeleme, parmak
frezeleme, delme, raybalama, kilavuz cekme ve
taglama islemlerine tabi tutmus ve kesme sivisi
kullanilmadan tornalama islemi yapildiginda takim
omriinde ¢ok ciddi distisler oldugunu ifade
etmislerdir [5]. Kuljanic vd. sertlestirilmis celik,
titanyum alagimlari, nikel esasli alagimlar ve
molibden alagimlar1 gibi baz1 6nemli ve islenmesi zor
olan malzemelerin islenebilirlikleriyle ilgili yaptiklar
aragtirmada saf molibden malzemenin islenebilirligi
iizerinde tane yapismnin Snemli bir etkiye sahip
oldugunu belirtmislerdir [1]. ED FAGAN sirketinin
molibden ve alagimlarinin testere ile kesilmesi,
tornalanmasi, frezelenmesi, delinmesi, raybalanmasi,
kilavuz  cekilmesi, taslanmasi, parlatilmast ve
honlanmasi ile ilgili yayinlamis oldugu bir biiltende
yiksek hiz c¢eliklerinin, genellikle diigiik yiizey
kaliteleri veya kaba islemler i¢in kullanildigi, iyi
yiizey kaliteleri ve siki toleranslar i¢in de karbiir
takimlarin tercih edildigi ifade edilmistir [2]. Gokce
vd., ticari olarak saf molibden malzemenin
frezelenmesinde, kesme kuvvetleri ve ortalama ylizey
piriizliligi (Ra) acisindan, kesici takim ve kesme
parametrelerini degerlendirmisler ve Fc icin en etkili
parametrenin ilerleme miktari, Ra i¢in ise kesme hizi
oldugunu ifade etmislerdir [6].

Kilavuz ile vida agma konusunda bugiline kadar
bir¢ok farkli ¢alisma yapilmigtir. Yin ve Han, yiiksek
hiz ¢eligi kilavuzun, sertlestirilmis gelikte (SOHRC),
kiigiik deliklerde (M3 vida), yetersiz kaldigindan yola
cikarak bu problemi ¢ézmek igin titresimli klavuz
cekme oOzelligini aragtirmislardir [7]. Kayir, AISI
1050 malzemesine agilan deliklere TiN kaplamali ve
kaplamasiz HSS makine kilavuzlari ile vidalar
acmustir. Vidalarin agilmasi islemi, degisik ¢aplardaki
matkaplarla delinen deliklere farkli formdaki
kilavuzlarin uygulanmasi ile yapilmistir. Yapilan
calismanin sonucunda; matkap delik ¢apinin kilavuz
ile vida agma islemi sirasinda olusan tork ve kesme
kuvvetlerinin etkiledigi ortaya c¢ikmustir [8]. Kayir,
yaptig1 diger bir calismada ise; AA5083 malzemesine
acilan deliklere TiN kaplamali ve kaplamasiz HSS
makine kilavuzlart ile vidalar agmustir. Deneysel
sonuglar; matkap delik ¢apmin kilavuzla vida agma
isleminde olusan tork ve kesme kuvvetlerini dogrudan
etkiledigini gostermistir [9]. Uzun ve Korkut, kilavuz
ile vida agma isleminde, kilavuz ¢ekilen malzeme,
kesme sivisi, kilavuz tipi, deligin tipi (agik veya kor

delik), delik derinligi, dig tasima yiizdesi, vida adim,
takim ve teghizatin durumu, kilavuz ¢ekme metodu ve
kilavuzun agizlama kismi gibi faktdrlere bagh
oldugunu ifade etmislerdir [10]. Domingo vd, takim
sogutmast dikkate alindiginda, dzellikle cam elyaf
takviyeli polyamid malzeme (PA66-GF30) iizerinde
kilavuz ¢ekme islemi sirasinda itme kuvvetlerinin
degisimi ile ilgili bir ¢alisma sunmuslardir. Takim
sogutmasi, kilavuz tipi ve kaplama ile sinirlandirtlmis
olmasina ragmen, itme kuvvetlerinde bir azalma
saglamistir [11]. Yagir ve Mete, yaptiklart ¢caligmada;
kalip malzemeleri i¢in, mevcut iiretim siireglerindeki
delik delme ve kilavuz agma ile kalip i¢inde delik
delme ve kilavuz ¢ekme proseslerini
kargilagtirmislardir [12]. Oezkaya ve Biermann, enerji
ve maliyet tasarrufu saglanabilecegini ifade ettikleri
¢aligmada, torku belirlemek i¢in, M8x 1,25 mm adiml
dort farkli kilavuz kullanmislardir. Deneyler, AISI
1045 ¢elik malzeme iizerinde gergeklestirilirken,
kesme parametreleri olarak; 15 mm dis agma derinligi,
12 m/dak kesme hizi ve 1,25 mm ilerleme degerlerini
kullanmiglardir. Kilavuz ¢ekme isleminin
simiilasyonunu yapmak i¢in sonlu elemanlar analizi
(SEA) tabanli bir yazilim sistemi kullanmiglardir [13].
Oezkaya ve Biermann yaptiklart bagka bir ¢aligmada,
cesitli kilavuz ¢ekme takimlari ve caplari ile kilavuz
¢ekme iglemlerine iligkin tork degerlerini belirlemek
icin kullanilabilecek geometrik tork tahmin ydntemi
(GTPM) gelistirmislerdir. Deneysel c¢aligmalar ve
sonlu elemanlar yontemi pratikte sik kullanilan dort
farkli kilavuz takimi kullanilarak gergeklestirilmistir.
Belirlenen goreceli tork degerlerinin, artan takim ¢ap1
ile parabolik bir artig gosterdigini ifade etmislerdir
[14]. Uzun ve Korkut Ti6Al4V alasimim iki farkli
geometriye  sahip  kaplamali ve kaplamasiz
kilavuzlarla farkli kesme hizlarinda islak ve kuru
sartlarda vida agma deneylerine tabi tutmuslar ve
deneyler sonucunda olusan kesme kuvvetlerini analiz
etmislerdir. Kriyojenik islem gérmiis klavuzla yapilan
deneylerde olusan kesme torkunun daha diisiik
oldugunu ifade etmislerdir [15]. Uzun ve Korkut
diger bir ¢alismada AISI 304 Ostenitik paslanmaz
celik tlizerine farkli kesme parametrelerinde, farkli
caplarda kilavuzlar kullanarak ve farkli kesme
derinliklerinde (Q) deneyler yapmuglardir. MS5
kilavuzda 5 mm, M6 kilavuzda ise 3 mm kesme
derinliginde yapilan deneylerde en disiik tork
degerlerinin elde edildigini belirtmislerdir [16].
Gilinay yaptigi ¢alismada, dis vida agma islemlerinde
olusan yiizey kalitesini ve kesme kuvvetlerini
incelemistir. Dis agma isleminde ana kesme
kuvvetinin ve radyal kuvvetin Onemli kuvvet
bilesenlerinden oldugunu belirtmistir. Ayrica yaptigi
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mikro sertlik 6l¢limlerinde dis iistiinden dis dibine
dogru sertligin yiikseldigini ifade etmistir [17].

Bu c¢alismada, ticari safliktaki molibden malzeme
iizerinde 9 farkli kesme hiz1 ve HSS kilavuzlar ile
kesme sivisi kullanilmadan vida agma deneyleri
yaptlmistir. Kilavuz c¢ekilen digler tel erezyon
tezgdhinda eksenel olarak kesilmis, kesilen
yizeylerden  fotograflar  ¢ekilerek  goriintiiler
almmistir. Ayrica vida dis ustii, dis dibi ve dis
yiiksekligi Ol¢limleri yapilarak en uygun kesme
hizinin belirlenmesi amaglanmustir.

2. MATERYAL VE METOT (MATERIAL AND
METHOD)

Ticari safliktaki molibden is parcasi, @60 mm
capinda silindirik malzemeden 16 mm kalinliginda
kesilerek elde edilmistir. Daha sonra is parcasi
ylizeyinin ~ tezgdh  tablast ile  paralelligini
saglayabilmek i¢cin toplam kalmlik 15 mm’ye
diisiiriilerek tesviye yapilmustir. Is pargasinin baslica
ozellikleri Cizelge 1°de verilmistir.

Cizelge 1. Saf Molibden malzemenin bazi 6zellikleri
(Some properties of pure molybdenum material) [6]

. . Saf
Ozellikler Birim Molibden
Kimyasal Bilesim % >99,97 Mo
Yogunluk (20°C’de) cc 10,22
Ergime noktasi °C 2617
Brinell sertligi BH 205
Akma gerilmesi MPa 600
Cekme gerilmesi MPa 800
Elastikiyet modiili GPa 330
Poison orani 0,38
Is1 iletim katsay1st
(20°C"de) [W/(mK)] 138

Silindirik olarak hazirlanan is parcast malzemesi
CNC tezgahmin tablasina 3 ayakli bir ayna ile
baglanmistir. Ticari safliktaki molibden malzemeye 5
mm ¢apinda HSS matkaplar (M6x1 standart kilavuza
uygun olarak) ile toplam 9 adet boydan boya delik
delinmistir. Daha sonra is parcasi sokiilmeden dokuz
farkli kesme hiz1 (2, 3, 4, 5, 6, 7, 8, 9 ve 10 m/dak)
kullanilarak boydan boya (15 mm) vida agma islemi
uygulanmistir. HSS kilavuz Sekil 1’te verilmistir.
Deneylerde kullanilan kesici takimlar, @6 mm
capinda kesici takimlar1 sikabilecek pens ile takim
tutucuya baglanmistir. Vida agilan delikler eksenleri
dogrultusunda GF CUT 300 SP tel erezyon tezgdhinda

kesilmis, kesilen ylizeylerden fotograflar cekilerek
goriintiiler alinmistir. Elde edilen goriintiilerden dig
geometrileri (dis dsti, dis dibi ve dig profili)
gozlemlenmesi i¢cin Nikon SMZ800ON stereo
mikroskop kullanilmistir. Cekilen goriintiilerden
AutoCAD yazilimi kullanilarak dig dibi ve dig tstii
degerleri Ol¢iilmiistiir. Kesme sivist kullanilmadan
gerceklestirilen deneylerde ilgili malzeme igin kesici
takim kataloglarinda Onerilen ve literatiirde yer alan
caligmalar dikkate alinmugtir.

= " = " |
Jd |
- T

Sekil 1. HSS Maline Kilavuzu (HSS machine tap)

Deneyler, Cankir1 Karatekin Universitesi Meslek
Yiiksekokulu Makine ve Metal Teknolojileri Boliimii
Makine Atdlyesi CNC Laboratuvarinda bulunan
Arion IMM-600 CNC dik islem merkezinde
yapilmigtir. Sekil 2’de, kullanilan deney diizenegi
sematik olarak gdsterilmistir.

Fener mili

Takum tutucu

y M6 kilavuz
Is pargasi

Ayna

Tezgah tablasi

Sekil 2. Deney diizenegi (Experimental setup)

Sekil 3a’da standart metrik vidalar igin gerekli
Olciilendirilmeler genel olarak verilmistir. Dis
geometrisi i¢in gerekli dl¢iimler tel erezyonla hassas
ve capaksiz olarak cksenel kesilen vidalarin
goriintiilerinin AutoCAD yazilimma aktarilmasi ile
elde edilmistir. AutoCAD yazilimma aktarilan
goriintillerden vida profilleri ¢ikartilmis ve Sekil
3b’de gosterilen uzunluklar Ol¢iilmiistiir. 15 mm
kalinliginda deney malzemesine 1 mm adimli yaklagik
15 adet vida dis profili olusturulmus ve olgiimler
ortada bulunan 5 disin 6lgiilmesi sonucu elde edilen
degerlerin ortalamalar1 alinarak belirlenmistir.

Daha sonra, degeri kesin olarak bilinen
(calismamizda adim (P=1) almmistir) uzunluk ile
Olciilmek istenen uzunluk (dis isti, dis dibi ve dis
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yiiksekligi) karsilagtirilmigstir. Standart M6x1 icin dis
geometrisinde, adim (P) 1 mm, dis dibi (P/8) 0,125
mm, dis isti (P/4) 0,250 mm ve dis yiiksekligi
(H=0,86603%xP) ~0,866 mm olmalidir. Diger 0Sl¢ii
degerlerinde (dis stii ¢ap1, dis dibi ¢ap1 gibi) 6onemli
degisiklikler gozlenmedigi i¢in bu Olciimler dikkate
almmamustir. Burada hesaplanan degerler M6x1
standart kilavuz degerleridir. Calismada somun
tolerans1 olarak 7H somun tolerans temal alinarak
hesaplamalara dahil edilmistir. Buna gore minimun
dis istii capt 6 mm olurken dis dibi ¢ap1 minumum
4,917 mm maksimum 5,217 mm aralifindadir. Bu
araliklara gore hesaplanan dig dibi dl¢lisii minumum
0,19 mm maksimum 0,37 mm araliginda olmalidir.

j—FP o Somun

Adim(P)
Dis dibi (P/8)

Sekil 3. a) Standart metrik vida olgiileri ve b)
AutoCAD 06l¢iim noktalart (@) Standard metric screw

dimensions and b)AutoCAD measurement points)

3. BULGULAR VE TARTISMA (RESULTS AND
DISCUSSION)

Ticari safliktaki molibden malzeme iizerinde 9
farkli kesme hiz1 kullanilarak gergeklestirilen boydan
boya (15 mm) vida agma deneyleri sonucunda alinan
vida dis stii, dis dibi ve dis yiiksekligi dl¢iimleri ve
goriintiileri degerlendirilmistir. Dis geometrilerinin
Olciilmesi sonucu elde edilen degerler, dis iistii igin
Sekil 4’te, dis dibi igin Sekil 5’te ve dis ylikseklikleri
icin ise Sekil 6’daki grafiklerde kesme hizina bagh
olarak gosterilmistir.

Her 3 grafik (Sekil 4, 5 ve 6) incelendiginde
optimum degerlere en yakin sonuglarin 9 m/dak
kesme hizinda elde edildigi goriilmektedir. Ayrica
Sekil 7’deki vida profillerinin goriintiileri de bu
bulguyu kanitlar niteliktedir.

Sekil 4’te kesme hizina bagli olarak vida dis iisti
Olciilerindeki degigsimler ve standart M6x1 vida igin
olmast gereken dig tistli 6l¢iisti gosterilmistir. Grafik
incelendiginde standart Olciiye (optimum
degeri=0,250 mm) en yakin sonuglar kesme hizinin 8§
ve 9 m/dak oldugu deneylerde elde edildigi
goriilmektedir. Kesme hizinin diigiik degerleri i¢in dig
istli Ol¢iisti optimum degerin bir miktar altinda
kalirken artan kesme hizi ile dis iistii 6l¢iisii optimum
degere yaklasmistir. Kesme hizinin 10 m/dak’ya
cikartilmasi ile dis iistii dl¢iisiinde artis gdzlenmistir.
Bunun nedeni olarak kesme hizinin artmasi ile talagin
rahat tahliye edilememesi ve uzaklasamayan talasin
sikigsarak dis iisti degerini olumsuz etkiledigi
diigiiniilmektedir. Molibden malzeme islenirken
stvanma  egilimine girer [18]. Kilavuz kesici
takimlarda talasin sikismasi ve malzemenin sikismasi
kesme siirecini giiclestirir [9].

0.750

=3
n
=
1=

Vida dig asti dlgdleri (mm)

0.000

2 3 4 5 6 7 8 9 10

Kesme hiz1 (m/dak)

= «+ == Optimum Deger

Sekil 4. Vida dis istii 6l¢iisiiniin kesme hizina bagl
degisimi (Screw root of the thread size depending on cutting
speed)

Sekil 5’te kesme hizina bagli olarak vida dis dibi
Olciilerindeki degigsimler ve standart M6x1 vida igin
olmast gereken dig istli 6l¢listi gosterilmistir. Grafik
incelendiginde standart Olciiye (optimum
degeri=0,125 mm) en yakin sonucun kesme hizinin 9
m/dak oldugu deneyde elde edildigi goriilmektedir.
Kesme hizinin her degerleri i¢in dis dibi Olciisii
optimum degerin bir miktar {stiinde oldugu
goriiliirken artan kesme hiz1 ile dis dibi 6lgiisiiniin
optimum degere nispeten yaklastig1 goriilmektedir.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2017 Gazi Akademik Yayincihk



Gokge, Yavuz / Gazi Miihendislik Bilimleri Dergisi 5 (3). (2019) 237-243 241

0.500

]

H7 toleransina gtre mak. dis dibi

s
o

0.250

H7 toleransina géire min. dis dibi

T L T T T gy

Vida dig dibi olgaleri (mm)

0.000
2 3 4 § 6 7 8 9 10

o+ m Optimum Deger Kesme a1 (m/dak)

Sekil 5. Vida dis dibi Slgiisiiniin kesme hizina bagh
degi$imi (Screw crest of the thread size depending on cutting
speed)

Sekil 6’da kesme hizina bagl olarak vida dis
yiiksekligi 6l¢iilerindeki degisimler ve standart M6x 1
vida i¢in olmasi gereken dis tistii 6l¢iisii gdsterilmistir.
Grafik incelendiginde standart Olciiye (optimum
degeri~0,338 mm) en yakin sonucun biitiin kesme
hizlart i¢in benzer degerlerde oldugu goriilmektedir.
Deneylerin yapilmast igin belirlenen kesme hizlarmin
her degeri igin dis yiiksekligi dl¢iisii optimum degerin
bir miktar istiinde oldugu goriilmektedir.

1.691
1.353
1.014
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[
.
n
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Sekil 6. Vida dis yiiksekligi 6l¢iisiiniin kesme hizina
bagli degisimi (Screw the height of the thread size depending on
cutting speed)

Dis istli, dis dibi ve dis yiiksekligi grafikleri
incelendiginde (Sekil 4, 5 ve 6) 6 m/dak kesme
hizinda dis geometrisinin 6nemli derecede bozuldugu
ve degerlerin optimum degerden uzaklastigi acikca
goriilmektedir. Sekil 7°de 6 m/dak kesme hizinda
acilan dislerin goriintiisii verilmigtir. Burada vida
geometrisinin bozulmasinin is pargast malzemesinin
kirtlmasindan kaynaklandigr goriilmektedir. Sekil
6’deki vida dis profilleri resimleri incelendiginde en
ideal dis profilinin 9 m/dak kesme hizinda elde
edildigi soylenebilir.

Sekil 7. 6 m/dak kesme hizinda acilan disler ve
malzeme kayiplart (kirilmalar) (Screw thread and material
losses at 6 m/min cutting speed (break))

10 m/dak
Sekil 8. Kesme hizina bagl olarak vida dis profili
goriintiileri (Screw thread profile images based on cutting speed)

Ticari safliktaki molibden malzemenin islenmesi
dokme demirin islenmesi ile benzerlik gosterir. Ancak
saf molibden malzeme isleme siirecinde kirilma
egilimine girer. Saf molibden islenmesinde diisiik
ilerleme degerlerine karsin yiiksek kesme hizlar
ylizey kalitesini ve 6l¢ii tamlhigin1 artiran faktorlerdir
[15]. Molibden malzeme, kilavuz ile dis a¢ma
isleminde daha ¢ok kirilma egilimine girerek dis
geometrilerinin  bozulmasma sebep olmaktadir.
Kilavuz ile dis agma siirecinde ilerleme miktar1 vida
adimina baglidir ve bu galismada adim 1°dir. Sekil
8’de deneylerde kullanilan her kesme hizi degeri icin
cekilen goriintiiler verilmistir. Bu goriintiilerden de
goriildiigii gibi neredeyse her kesme hizinda dis
profilleri lizerinde meydana gelen malzeme kayiplari-
kirilmalar goriilmektedir. Kesme hizinin 8 ve 9 m/dak
degerlerinde bu kayiplar diger kesme hizlarinda agilan
dislere nazaran daha az oldugu s6ylenebilir.
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4. SONUC (CONCLUSION)

Bu ¢alismada ticari safliktaki molibden malzemeye
HSS kilavuz takimlar ile M6x1 vidalar acilmis ve
asagidaki ¢ikarimlar elde edilmistir:

-Vida dis tstii 6l¢iisiiniin en iyi degeri 8 ve 9 m/dak
kesme hizlarinda elde edilirken en iyi vida dis dibi
Olgiisii ise 9 m/dak kesme hizinda elde edilmistir.

-Vida dis yiikseklikleri neredeyse her kesme hizi
degeri icin 6nemli bir degisime ugramamustir.

-Vida dis {stii, dis dibi ve vida yiikseklikleri
oOlciileri dikkate alindiginda saf molibden malzemeye
kilavuz ile vida acilmasi isleminde nispeten yiiksek
kesme hizlarinin kullanilmasi dis geometrilerinin
daha dogru olacagini gostermistir.

Bu calismada kesici takim olarak kaplamasiz HSS
kilavuzlar kullanilmigs ve deneyler kesme sivisi
kullanilmadan yapilmistir. Saf molibden malzemeye
kilavuz agma siirecinde daha yiiksek talas acisi,
bosluk acis1 ve helis acgisina sahip kesici takimlar
(keskin takimlar) kullanilmasi, kaplama uygulamasi
ve kesici takim malzemesi olarak karbiir takimlarin
secilmesi ayrica kesme sivisinin kullanilmasi diger
arastirmacilara yol gosterici olabilir.
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Alinma: 27.08.2019 2019 yihinda yiiriirliige giren Tiirkiye Bina Deprem Yonetmeligi (TBDY-2018) ile, betonarme

Kabul: 13.12.2019 bina analizlerinde, yatay deprem yiikii ve goreli Otelenmelerden kaynakli taban egilme

momentlerine ek olarak, diisey deprem etkilerinin de dikkate alinmasi zorunlu hale gelmistir
Bu ¢alismada, Deprem Bolgelerinde Yapilacak Binalar Hakkinda Y6netmelik (DBYBHY-2007)

ggg}ttggpﬁi{l;’”ﬁfﬂ kurallarina uygun bes'kath ve plan('ia simetrik bir bina tasgrlanmlstlr. Yatay' deprem kuvvetinin
etkisi, ikinci mertebe olusturdugu taban egilme momentine ilave olarak, goreli kat Otelenmeleri ve diisey deprem
etkileri, Tiirk Bina kuvvetlerine bagli olusan ikinci mertebe momentler hesaplanmus, ikinci mertebe momentlerin
Deprem Yonetmeligi, taban egilme momentini ne oranda artirdig1 arastirtlmustir.
betonarme bina. Sonug olarak, olusan toplam ikinci mertebe taban momentlerinin, yatay deprem kuvvetinin
olusturdugu taban egilme momentine oranla az oldugu gorilmiistiir. Ayrica diisey deprem
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addition to the base bending moments caused by horizontal earthquake load and relative
displacements of the floors, in the analyses reinforced concrete building, the consideration of the
effect of vertical earthquakes has become compulsory.

In this study, a five-storey and symmetrical building in compliance with the rules of the Regulation
on Buildings to be Built in Earthquake Zones (DBYBHY-2007) was designed. In addition to the
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Building Earthquake base bending moment due to the horizontal earthquake force, the second order moments due to the

Code, reinforced relative displacements of floors and the vertical earthquake forces are calculated, then how much

concrete building. second order moments increase the base bending moment has been investigated.

. As a result, it is seen that the total second order base moments are less than the base bending

Ifot—;:mm moment formed by the horizontal earthquake force. In addition, the bending moment caused by
utnors.

the vertical earthquake forces is found quite less than the second order moment caused by the
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1. GIiRIiS anTrODUCTION) etkimektedir. Uygulamada 2019 yilina kadar diisey
yer ivmelerinin yatay ivmelere oranla daha kiigiik

Tiirkiye, diri faylarin yer aldigi bir deprem oldugu ve binanin diisey dogrultuda daha giivenli
iilkesidir. Deprem gerceklesirken yer kabugunda oldugu varsayimiyla diisey deprem etkisi ihmal
meydana gelen diisey ve yatay hareketler sonucunda, edilmistir. Binalarin st yap1 analizinde yatay yiik

binaya yatay ve diisey deprem kuvvetleri
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etkileri altinda olusan ikinci mertebe momentler
dikkate alinmustir.

Avrupa, Amerika, Iran, Hindistan ve Israil gibi
iilkelerde diisey deprem etkisi uzun zamandir dikkate
alinmakta iken, 2019 yilinda yiiriirlige giren TBDY-
2018 ile iilkemizde diisey deprem etkisi
degerlendirmeye alinmaktadir. Buna bagli olarak,
diisey deprem kuvvetinden dolay:r ikinci mertebe
momentlerinde artisy meydana geleceginden, etkin
goreli kat 6telenmeleri ve ikinci mertebe etkileri i¢in
birtakim sinirlayict kosullarin saglanmasi igin binanin
daha rijit hale getirilmesi istenilmektedir.

Konuya iliskin yapilan yakin c¢aligmalar
incelendiginde, diisey deprem etkilerinin, goreli kat
otelenmelerinin yani sira kirislerdeki deplasmanlari,
kolonlardaki eksenel ve kesme kuvvetlerini, taban
kesme kuvvetini ve devrilme momentini artirdii,
sonu¢ olarak diisey deprem etkisini dikkate alan
analizlerde ¢ok bilesenli spektrumun kullanilmasi ve
depreme dayanikli yap1 tasariminda diisey deprem
etkisinin dikkate alinmas1 gerektigi vurgulanmistir [1-
12].

Bu c¢alismada, yatay deprem kuvvetinin
olusturdugu taban egilme momentine ilave olarak,
goreli kat dtelenmeleri ve diisey deprem kuvvetlerine
bagli olusan ikinci mertebe momentlerin taban egilme
momentini ne oranda artirdifint arastirmak igin
Deprem Bolgelerinde Yapilacak Binalar Hakkinda
Yonetmelik (DBYBHY-2007) kurallarini saglayan bes
katli ve planda simetrik 6rnek bir bina Sta4-CAD
programi ile modellenmis ve TBDY-2018’e gore
esdeger deprem yiikii etki ettirilerek, SAP2000
programlari ile analizi yapilmistir (Sekil 1.) [13-16].

2. YONTEM (METHOD)

Bina geometrisi olarak, DBYBHY-2007 ve TS500
kurallarina uygun zemin+4 normal katli betonarme
cerceveli, planda simetrik bir bina modellenmis,
zemin kat yiiksekligi 4 m, diger katlar ise 3 m, kat
plan1 balkonlar da dikkate alindiginda 28,50x28,50 m,
doseme kalinliklar: 15 cm, kiris boyutlar1 40x50 cm,
kose kolon boyutlar1 55x55 cm, kodse kolonlart harig
dis cergeve kolon boyutlart 110x40 cm ve i¢ kolon
boyutlar1 ise 50x50 cm olarak se¢ilmistir [17].

Sabit ve hareketli yiikler, TS 498’e uygun olarak
secilmis; sabit yiik olarak, normal kat dosemeleri i¢in
212 kg/m?, ¢at1 kat1 dosemeleri iginse 149 kg/m?, dis
duvar yiikii 19’luk tugla igin 320 kg/m?, i¢ bdlme
duvar yiikii ise 9’luk tugla igin 200 kg/m? ve hareketli
yiik olarak normal kat dosemeleri ve balkonlar igin
500 kg/m?, ¢att kati dosemeleri igin 150 kg/m?
almmugtir [18].

Deprem analizinde parametreler secilirken en
olumsuz kosullar gbz 6niinde bulundurulmus; idare
binasi icin Bina Kullanim Sinifi BKS=1,0 Bina Onem
Katsayis1 I=1,50, zemin smift ZD, Tiirkiye Deprem
Tehlike Haritasinda Sakarya ili, Akyazi ilgesi,
40.683916 enlemi ve 30.625268 boylaminda 50 yil
icerisinde asilma olasilig1 %10 olan DD-2 deprem yer
hareketi diizeyine ait; kisa periyot ve 1 saniyelik
periyot icin sirastyla harita spektral ivme katsayilar
Ss=1,748, S1=0,473, yerel zemin etki katsayilar
Fs=1,00 ve F;=1,827, tasarim spektral ivme
katsayilar1 Sps=1,748 ve Sp1=0,864 alinmistir. Ayrica
Deprem Tasarim Sinifi DTS=1a, Bina Yiikseklik
Sinifi 16,00 m icin BYS=06, tastyic1 sistem davranis
katsayist siineklik diizeyi yiiksek i¢in R=8; dayanim
fazlalig1 katsayis1t D=3, ampirik hakim dogal titresim
periyodu 0,80 sn, Ta=0,10 sn ve Tg=0,49 sn, yatay
elastik tasarim spektral ivmesi S.(T)=1,08g, deprem
yiikii azaltma katsay1s1 Ra(T)=5.33, azaltilmig tasarim
spektral ivmesi Sqir(T)=0,203g, hareketli yiik katilim
katsayis1 n=0,3, beton sinifi C25, beton birim hacim
agirhigt 2,5 ton/m® segilmis ve kontrollii hasar
performans hedefini saglamak iizere, dayanima gore
tasarim hesap esaslar1 dikkate alinarak analizleri
yapilmigtir [19].
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Sekil 1. Ornek binanin (a) SAP2000 modeli (b) kat
planl ( (a) SAP2000 model (b) floor plan of the sample building)

Deprem analizine esas hesaplamalarda TBDY-
2018 denklemleri kullanilmigtir. Binanin toplam
kiitlesi (my), sabit kiitle ve hareketli yiik katilim
katsayis1 kullanilarak hesaplanmis, 5165,39 ton olarak
bulunmustur. Toplam esdeger deprem yikii Vg
Esitlik-1’e gore hesaplanmis 1046,20 ton olarak,
binanin tepesine etkiyen ek esdeger deprem yiikil ise
AFnE=39,23 ton olarak hesaplanmuistir.

VtE = mtSaR(Tp) > 0,4mtISDSg (1)

Diisey deprem etkisi, sabit yiik etkisi (G) ve kisa
periyot tasarim spektral ivime katsayisina (Sps) bagl
olarak Esitlik 2°de verilen denkleme gore 5444,39 ton
olarak hesaplanmustir.

Eq® =~ (2/3)SpsG )

Burada sabit (G) ve hareketli yiik (Q) etkilerini, x
dogrultusundaki (Eq®) ve z dogrultusundaki (E4®)
deprem etkisi Esitlik 2°den (2/3*1,748*G=) 1,165G
olarak hesaplanmig, Esitlik 3 kombinasyonu
kullanilarak %30 diisey deprem etkisi (0,3*1,165G=)
0,35G olarak hesaplarda dikkate alinmistir. Kar yiikii
bu kombinasyonda ayrica dikkate alinmamis ancak
sabit yiike dahil edilmistir.

G+Q+E4®+0,3E4? 3)

Binanin i’inci katindaki kolonun etkin goreli kat
Otelemesi (8;); azaltilmis goreli kat Stelemesine (A),
tastyict sistem davranis katsayisina (R) ve bina 6nem
katsayisina (I) baghh olarak Esitlik 4’e gore
belirlenmistir.

8 = (R/DA; 4)

Dolgu duvar elemanlarinin kolonlarla tamamen
bitisik oldugu varsayilarak, betonarme binalar i¢in «
katsayis1 1,00 ve 50 yilda asilma olasiligt %50 olan
deprem yer hareketi diizeyi DD-3 i¢in elastik tasarim
spektral ivmesinin DD-2’ninkine orani olan A degeri
0,48 alinarak, i’inci katindaki kolonun en biiyiik etkin
goreli kat otelemesi degeri (Oimax) hesaplanmis ve
Esitlik 5°de verilen kosulu sagladig1 goriilmiistiir.

MSimax/hi) < 0,008k (5)
3. BULGULAR (FINDINGS)

Bu ¢alismada, DBYBHY-2007 sartlarin1 saglayan
bes katli ve planda simetrik tasarlanan bir binanin
TBDY-2018’e gore deprem analizi yapilmis, yatay
deprem kuvvetinden dolayr olusan taban egilme
momenti (Tablo 1.) ile goreli kat Otelenmelerinin
olusturdugu ikinci mertebe momentler (Tablo 2.) ve
diisey deprem kuvvetinin olusturdugu ikinci mertebe
momentler (Tablo 3.) verilmistir.

Tablo 1. Yatay deprem kuvvetinin bina tabaninda

olusturacagi egilme momenti (Base bending moment
caused by horizontal earthquake force)

m; H; mH;  |mHi/| Ve- | Fe | b [2Miay
t | (m) | (tm) [YmH;|AFe(@®)| © [(m)]| (tm)

S.kat| 695,23 [16,00|11123,68|0,2281 268,88|3,00| 806,64

4.kat|1098,40(13,00 | 14279,20 {0,2928 294,7913,00| 884,37

3.kat|1098,40|10,00 | 10984,00 |0,2252|1006,97 [226,76|3,00| 680,28

2.kat{1098,40| 7,00 | 7688,80 |0,1576 158,73|3,00| 476,19

1.kat{1174,96| 4,00 | 4699,84 |0,0964 97,03 (4,00 388,12

Toplam, Y Mysay |3235,60

Tablo 2. Goreli kat Stelenmelerine bagl ikinci
mertebe bina taban momentleri (Second order base

bending moments caused by relative lateral displacement)

hl 81,max Al,max u; gi qi gl‘*'(«h ZMi,gGreli
(m)| (m) | (m) | (m) | (t) ® ® | (tm)

5. kat|3,00|0,0500|0,0094 |0,0500| 660,80 |114,75| 775,55 | 38,78

4. kat|3,00{0,0500{0,0094 {0,0406 | 983,65 [382,50(1366,15| 55,47

3. kat|3,00{0,0500(0,0094 |0,0313 | 983,65 |382,50|1366,15| 42,76

2. kat{3,00(0,0500(0,0094 (0,0219 | 983,65 (382,50 (1366,15| 29,92

1. kat|4,00(0,0667 (0,0125[0,0125 [1060,21 {382,50 | 1442,71| 18,03

Toplam, Y Mgsrati | 184,96
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Tablo 3. Diisey deprem kuvvetine bagli ikinci
mertebe bina taban momentleri (Second order base
bending moments caused by vertical earthquake force)

0,30 x
B, ® Ui X Migisey

5. kat| 660,80 | 770,05 | 231,02 |0,0500| 11,55

gi Edl(z>
® ®

4. kat| 983,65 [1146,28| 343,88 |0,0406| 13,96

3. kat| 983,65 [1146,28| 343,88 |0,0313| 10,76

2. kat| 983,65 [1146,28| 343,88 |0,0219| 7,53

1. kat|1060,211235,50| 370,65 [0,0125| 4,63

Toplam, Y Maisey | 48,43

Yatay deprem kuvvetinin bina tabaninda
olugturacagi egilme momenti (Eq®) 3235,60 tm olup,
goreli kat oOtelenmelerine bagli (P-Delta) ikinci
mertebe bina taban momenti 184,96 tm ilave bir
moment getirerek %5,71 taban momenti artigina
sebep olmustur. %30 disey deprem kuvvetine
(0,30E4®) bagh ikinci mertebe bina taban momenti
48,43 tm ilave bir moment getirerek %1,50 taban
momenti artigina sebep olmustur. Burada, goreli kat
Otelenmeleri ve %30 diisey deprem kuvvetine bagh
olusan ikinci mertebe bina taban momentleri
toplaminin %7,21 oldugu goriilmiistiir. Diisey deprem
etkisinden dolay1 olusan taban momentinin, goreli kat
otelenmelerinden dolayr olusan taban momentine
oran1 yaklasik %27 olup, etki oranmin g¢ok diisiik
oldugu tespit edilmistir.

2 14% |[=+=3 M(goreli+disey)/y Mtoplam
£ 120% |=l=3 Mgoreli’y Mtoplam
o
g = 100p = > Mdiisey/> Mtoplam
= 0}
Eg 2% 7.30%| | [7.30%] [7.30%
2z 5,52% + + P 5,38%|
ET 6% 4 -
g 5,83% 5.83% 5.83%
£ 4% 15300 4,53%
g0 1306 1AT% | [147%] [1.47%|
= * » » 11.35%
0%
1.kat 2kat 3.kat 4. kat 5.kat

Sekil 2. Her Bir Katm Ikinci Mertebe Momentlerinin

Toplam Taban Egilme Momentine Etkisi (Effect of
Second Order Bending Moments of Each Floor on Total Base
Bending Moment)

Birinci katin yiiksekligi 4,00 m, diger katlarin
yiiksekligi 3,00 m oldugundan dolayi, goreli kat
Otelenmesi diger katlara oranla birinci katta daha fazla
gerceklestigi i¢in taban momentine etkisi de daha
biiyiikk olmustur (Tablo 2 ve Tablo 3.). Ancak birinci
katta olusan yatay deprem kuvveti iist katlara oranla
cok daha yiiksek olmasi nedeniyle birinci katin ikinci

mertebe momentinin toplam taban egilme momentine
etki oraninin daha diisiik oldugu goriilmektedir (Sekil
2). Besinci katta ise sartname geregi ¢ati katina etki
ettirilen ilave AFng’den dolayi, cati katina etkiyen
deprem kuvveti diger normal katlardan daha biiyiik
olsa da hareketli yiikii az oldugundan ve duvar yiikleri
olmadigindan cati katinin toplam taban momentine
etkisi daha diisiik olmustur.

4. SONUCLAR VE TARTISMALAR (RESULTS
AND DISCUSSIONS)

Depreme dayanikli bina tasariminda yatay deprem
etkisi onemli bir parametre iken, 2019 yili basinda
yirtirliige giren TBDY-2018 sartnamesi geregi goreli
otelenmeye  baghi diisey deprem  etkisinin
hesaplamalara %30 oraninda dahil edilmesi ile
binanin tabaninda olusacak egilme momentinin ne
oranda artacagi bu ¢calismada arastirilmistir.

TBDY-2018 ile yatay goreli kat 6telenmelerinin
azaltilmig olmasi, duvar vb. taginan diger elemanlarin
daha az hasar gorecegi anlamina gelirken, diger
taraftan ikinci mertebe momentlerin taban momentine
etkisini daha da azaltmistir. Dolayisi ile se¢ilen 5 katli
bina modelinin, TBDY-2018’¢ gore maksimum etkin
goreli kat 6telenme yapmasi halinde, binada olusacak
ikinci mertebe taban momentinin yatay deprem
kuvvetinin olusturdugu taban momentine oraninin
yaklasik %5,71 oldugu, diisey deprem etkisinin de
%30 oraninda dahil edilmesi ile bu oranin %7,21°e
ciktigl, sonu¢ olarak diisey deprem etkisinin
olusturdugu taban momentinin toplam taban
momentine oranla ihmal edilecek bir diizeyde oldugu
goriilmistiir.

Ancak, TBDY-2018 geregi diisey deprem etkisinin
hesaplamalara %30 oraninda dahil edilmesi, bu 6rnek
modelde tespit edildigi gibi, diisey ve yatay tastyici
elemanlarda yaklasik %35 oraninda ilave yiik artisina
sebep olmaktadir. Ayrica bu ¢aligma ile, optimum
tasarlanmisg temellerin taban basincindaki benzer
oranda artiglarla zemin tasima kapasitesinin
asilmasina, bunun sonucu olarak da farkli
oturmalardan kaynakli hasarlara ve temelde toptan
egilmelere hatta devrilmelere sebep olabileceginden,
binanin temel ve zemini ile birlikte modellenerek
analiz edilmesinin 6nemi ortaya ¢ikmuistir.
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Sosyal etki insanlarin goriislerini sekillendiren biiyiik olgulardan biridir. Bu bakimdan, Etki
Maksimizasyonu (EM) problemi viral pazarlama, kamuoyu sekillendirme gibi pratik faydalari
oldugu i¢in sosyal ag analizinde en fazla ilgili g¢eken arastirma alanlarindan biridir. EM
probleminin amaci bir sosyal ag iizerindeki etkili kisi olarak adlandirilan az sayidaki kisiyi
kullanarak bir etkinin (bir fikir veya reklam) ag {izerindeki yayilimimi maksimize etmektir. Etkili
kisilerin tespiti birgok durumda NP-Zor bir olasiliksal en iyileme problemidir. Bundan dolay:, EM
problemi igin birgok algoritma gelistirilmistir ve gelistirilmeye devam etmektedir. Ne var ki,
gelistirilen algoritmalar heniiz ¢oziim kalitesi ve hiz agisindan istenen seviyede degildirler. Bu
calismada, bireyler arasindaki olumlu ve olumsuz iligkileri g6z oniinde bulunduran isaretli EM
problemine odaklanilmistir. Bu amagla, en iyi k adet etkili kisiyi tespit etmek i¢in Elitist A¢ Gozlii
Algoritma (EGA) olarak adlandirilan bir a¢ gozlii algoritma gelistirmistir. EGA’nin performansi
2 adet agik veriseti lizerinde rasgele se¢im, ¢ikis derecesi merkeziligi, ve bir glincel algoritma ile
kiyaslanmustir. EGA ¢6ziim kalitesi agisindan rakiplerine gore daha iyi sonuglar vermistir.
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The social influence is one of the major phenomenons that shape people's decisions. In this respect,
Influence Maximization (IM) problem is one of the most attractive research topics in the social
network analysis because its practical benefits in viral marketing, public opinions shaping etc. The
IM problem aims to maximize the spread of an influence (e.g. an opinion, an advertisement) in a
social network by using a small number of the most effective individuals, whom is called
influencers. Detecting the influencers is the NP-Hard combinatorial optimization problem in most
cases. Therefore, many algorithms have been and are being developed for the IM problem.
However, the algorithms have not yet achieved to the desired solution quality and speed. In this
study, we focused on the signed IM problem that considers both positive and negative influence
between the individuals. For this purpose, we developed a greedy algorithm called the Elitist
Greedy Algorithm (EGA) for detecting top-k influencers set. We compared the EGA’s
performance on 2 public datasets with random seed selection, out degree heuristic, and one state-
of-the-art greedy algorithm. The EGA outperforms the competitors in terms of the achieved total
influence.

https://dx.doi.org/10.30855/gmbd.2019.03.06

1. INTRODUCTION (GiRris)

Online Social Networks (OSNs) are the digital
world equivalent of real social networks. In this

respect, many phenomena in real social networks are
also present in OSNs. In a real social network (for
example, in a friendship), people are influenced by
each other's opinions and recommendations. This
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influence can be negative or positive. The same
applies to OSNs. A person can adopt and disseminate
the ideas, recommendations, and suggestions of a
friend or a person he/she follows. For such a situation,
OSNs have an advantage over real social networks. In
OSNs, information will spread much faster than in real
social networks. Actors (a product vendor or a
politician) who want to benefit from this advantage
may want to influence the maximum number of
people in OSNs. This problem is known as Influence
Maximization (IM). The key point here is to identify
people who have the maximum capacity to propagate
the desired influence on the OSN. Once these people
have been identified, the desired influence can be
initiated from these people (i.e. the influencers) and
spread across the network. In a more formal
description, the IM problem is the detection of top-k
influencers that will maximize the propagation of a
desired influence on a social network modeled as
Graph G under a particular propagation model
(analytical model showing how information is spread
over a network) [1], [2]. The IM problem has been
formulated as a combinatorial optimization problem,
and its complexity is NP-Hard under many
propagation models such as Independent Cascade (IC)
model and Linear Threshold (LT) model [2]-[4].
Also, there are numerous the IM studies that handled
on these propagation models as reviewed under the
related work section.

A social network, on the other hand, can have
positive relationships (e.g. friend or trust), as well as
negative relationships (e.g. distrust) [5], [6]. There is
a difference between maximizing the influence in
unsigned social networks, and in signed social
networks. All the relationship (positive and negative)
between people in signed networks should be modeled
and a propagation model should be used to reflect this
situation. In this case, the problem is named as
polarity-related influence maximization (PRIM)
problem which aims to maximize positive influence or
maximize negative influence in signed social
networks [6]. Ignoring the sign of relationship
between users may lead to miss-estimation of the
influence. Hence, we need a propagation model for
modeling the signed relationship between users in a
social network. For this purpose, some propagation
models have been developed for modelling signed
relationships in a social network [6]-[10]. In this
study, we focused on the signed IM problem that is
relatively new and challenging. We developed the
Elitist Greedy Algorithm (EGA) for detecting top-k
influencers set. We adopted Polarity-related
Independent Cascade (IC-P) as propagation model
[6]. We compared the EGA’s performance on 2 public

datasets with random seed selection, out degree
heuristic, and the greedy algorithm (named as IC-P
Greedy) that is defined in [6]. The EGA outperforms
the competitors in terms of the achieved total
influence.

2. RELATED WORK (IiLGILI CALISMALAR)

The Influence Maximization (IM) is the problem of
finding a small number of S seed individuals that
affect the largest number of individuals on a network
[2]. The problem can be written as a function: f(S) =
max(|A]) for S € V. Here S is the set of seed nodes;
A is the set of influenced nodes by S; V is the set of
all nodes on the network. The IM problem is NP-Hard,
and a lot of algorithms that adopts different
approaches have been proposed for detecting
influencers set. We categorize these studies into 2
titles: greedy approaches and combinatorial
optimization approaches.

2.1. Greedy Approaches (4¢ Gozlii Yaklasimlar)

Greedy approaches mostly adopt the following
strategy: rank the nodes according to a metric, and
then pick the top-k nodes as seed set. This metric may
be indirect indicators (heuristics) of the influence
capacities of nodes such as centrality measures, or
direct indicators of influence capacities of nodes.
Kempe et. al’s greedy algorithms one of the most
well-known algorithms on the IM problem [2].
Briefly, it picks node one-by-one according to their
contribution to spread influence on the network. This
approach affected most of the following studies.
Leskovec et. al, developed an algorithm called CELF
(Cost-Effective Lazy Forward) [11]. Using the sub
modularity of the influence function, it doesn’t
reassess the nodes’ contribution to the total influence
spread. This significantly reduces the computation
time of the algorithm. Chen et. al, have developed an
efficient greed algorithm called NewGreedyIC [12].
In each iteration, NewGreedyIC removes all the edges
that placed on unsuccessful spreading path network,
and creates a reduced network. In the same paper, the
authors have proposed DegreeDiscount algorithm
under the IC model [12]. It assumes that the
propagation probability of each edge is equal. The
DegreeDiscount algorithm decreases the degree of a
node one by one if its neighbor is in the seed set. Lu
et. al,, have suggested another discount algorithm
called CascadeDiscount that reduces time complexity
of greedy algorithm to solve the IM problem [13].
Abbassi et al. have developed a TwoStage (TS)
algorithm [14]. The TwoStage consists of 2 stages:
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first choose top n nodes in the scope of influence
spread. Then, pick the remaining nodes by their
influence capabilities. Liu et. al., have developed a
greedy algorithm for the IM problem [15]. It
constructs the set of spreading paths. Then, it picks the
nodes that maximize marginal gain one-by-one. Chen
et. al., have developed an integrated PageRank to the
signed IM problem [16]. Li et al. have developed an
algorithm for the IM problem using community
detecting approaches [17]. It firstly partitions the
network into n communities, and then it picks the most
central nodes in each community as a seed. Li et.al.,
have dealt with signed influence maximization
problem, and suggested a more appropriate
propagation model called Polarity-related
Independent Cascade (IC-P) [6]. Also, they have
developed a greedy algorithm called the IC-P Greedy.
The IC-P Greedy selects one node on the each
iteration that provides the maximum marginal gain in
the total influence. The IC-P Greedy outperforms
random, out-degree, and the IC-Greedy algorithm that
is an adopted version of CELF to the signed IM
problem. There are numerous studies in the literature
on the IM problem. For a recent comprehensive
survey [18] could be examined.

Briefly, we categorize the greedy approaches into
2 sub-categories: pure greedy and heuristic-based
greedy. Pure greedy algorithms use simulated
influence capabilities of nodes for ranking nodes.
Heuristic-based greedy algorithms use centrality
measures of nodes such as degree, PageRank etc for
ranking nodes. Pure greedy algorithms need costly
Monte Carlo simulations; however, they give an
approximation guaranty. Heuristic-greedy algorithms
use centrality measures as proxies (heuristics) to
estimate the nodes’ influence capabilities. So, they are
much faster that the first category; however, their
solution quality are very sensitive to the measure and
the network structure.

2.2. Combinatorial Optimization Approaches
(Kombinasyonal En Iyileme Yaklagimlart)

Borgatti deals the IM problem as an combinatorial
optimization problem [19]. So, seed nodes should be
picked at same time. The influence power of a node
when it is selected alone is not same with the influence
power of the same node when it is in a seed set. This
is the main reason of that the IM problem is an NP-
Hard problem. In this case, the desired number of seed
nodes should be selected at the same. For this purpose,
the researches have utilized many optimization
algorithms such as simulated annealing (SA), genetic
algorithm (GA), particle swarm optimization (PSA),

memetic algorithm etc. [5], [20]-[24]. In general,
optimization algorithms work much slower than the
greedy algorithms that use heuristics (centrality
measures). On the other hand, their solution qualities
are competitive. For further reading [24] could be
examined.

In this study, we focused on development of a pure
greedy algorithm because they give more robust and
guaranteed quality. To eliminate their running time
disadvantage, our algorithm (namely EGA) creates an
elite group of nodes by using their individual
influence capabilities, and picks the seeds among the
elites one-by-one by using a discount strategy.

3. MATERIALS AND METHODS (MATERYAL
VE YONTEMLER)

3.1. Modelling The Social Network (Sosyal Aglarin
Modellenmesi)

An unsigned social network can be defined as a
directed and weighted graph G = {V, E, W}. Here, V is
the set of nodes (individuals), E is the set of edges
(relations), and W is the weighted adjacency matrix
that defines influence diffusion probabilities between
neighbor nodes. For arbitrary u and v nodes in V, the
following proposition must be fulfilled: V(u,v) €
E & W,, > 0. A signed social network also can be
defined as a directed and weighted graph, too;
however, we need one more property: Polarity. So, the
definition will be G = {V,E, W, P}. Here V,E and W
are same with in G; IP is the sign matrix of edges. Each
value in P is determined by (1). Please note that,
P, # P, . For more detailed explanation of signed
social networks see [6].

Pu,v
+1, v is positively influenced by u
=<{-1, v is negatively influenced by 1 (1
0, v is not influenced by u

3.2. Problem Statement (Problem Tanimi)

Influence Maximization is defined as the problem
of selecting a small number of S seed individuals to
influence the largest number of individuals in a social
network. Positive influence maximization is the
problem of finding a small number of S seed
individuals that positively affect the largest number of
individuals in the network. The problem can be
written as a function: f*(S) = max(JA*|) for SC V.
Here, S is the set of seed nodes; A' is the set of
positively influenced nodes by S; f* is the positive
influence function that returns the positive influence
of S.
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3.3. Propagation Model (Yayihim Modeli)

One of the most popular information propagation
models in the literature is the Independent Cascade
(IC) model [2]. Briefly, in the IC model a node can be
found only in one state: active or inactive. Initially, all
the nodes are inactive. If a node is influenced by
another node, it becomes active. An activated node
can influence other nodes and cannot return to inactive
state again. It is assumed that the nodes selected as
seeds are already active. In the IC model, every edge
on the graph has a propagation probability between 0
and 1, P(e) = [0,1] [25].

In [6], a new propagation model called as the IC-P
(Polarity related IC Model) has been developed for
signed social networks based on the IC Model. The
IC-P model is an extension of the IC Model. In the IC-
P model, if a person is activated as positively or
negatively, it can influence other persons. How one
person will affect another person depends on the
current state of the person and the polarity of the
relationship between them. Let At be the positively
influenced persons set; A~ be the negatively
influenced persons set; u and v are the neighbor nodes
and u is previously activated. The state of node v is
determined by (2) in the IC-P model. If node v is
affected positively, it is included to A*; if node v is
affected negatively, it is included to A™; otherwise
nothing is done.

Activation state of v
At =A*V{v},P,, =+landu € A*
A"=A"U{v},Py, =+landu € A~
={A"=A"U{w},P,, =—-1landu € A* @)
At =AUV {v},P,, =—-1landu € A~
- P,, =0

3.4. Diffusion Probability Model (Yayiin Olasihg
Modeli)

If we already know that the probability of
influence diffusion from one node to another, we can
use this information. If have no idea about this, we use
existed influence diffusion probability models. In this
study, we adopted the following model.

Weighted Cascade Setting (wcs): In this model,
W,y = 1/deg™(v), where deg™(v) is the in-degree
of the node v.

3.5. Developed Greedy Algorithm: Elitist Greedy
Algorithm (EGA) (Gelistirilen A¢ Gozlii Algoritma: Elitist
Ag Golii Algoritma (EGA))

There are very few influencers in a social network.
Thus, it is not necessary to assume that all the nodes
are influencer candidates in a social network graph
[26]. The EGA eliminates the weak nodes, and then
applies greedy approach and discount strategy for
selecting seed set. The EGA picks all the nodes one-
by-one as seed node, and repeats the propagation
20.000 times in each iteration [1]. Only one node is
selected as the seed in one iteration. Thus, an average
expected influence value is calculated for all nodes in
each iteration. After that, the EGA gives a decision of
a node’s state when creating the set of the influenced
nodes. Let u and v be arbitrary nodes. Let pick the
node u as seed. After 20.000 times propagation
simulation, node v’s average probability of being
influenced by u is p. If p = 0,5, we assume that v is
influenced by u. So, the EGA adds the node v into the
node u’s set of the influenced nodes. As a result, it
keeps set of the influenced nodes for all nodes.
Namely, each node has one separate set. Then, if the
size of a node’s set of the influenced nodes is greater
than average + standard deviation of all nodes’
sets, the EGA adds this node to a list called as elites.
After that, it passes to picking and discounting stage.
The EGA picks the most influential node from the list;
excludes the selected node and (if any) all influenced
nodes by this node from the list. More formal
definition:

Let I, be the set of the positively influenced nodes
by the selected seed node u . The average of all nodes’
influence capabilities (number of influenced nodes by
the node) are calculated as in (3).

p= (Zuevllul)/lVl 3)

Here, we calculate the standard deviation as in (4).

1
a=ﬁW§LWWA—m2 (4)

Let f*(-) is the positive influence function that
returns the positively influenced nodes set by node u.
Let E be list of elites, and L(-) be the function that
adds the nodes that have number of influenced nodes
is greater than average + standard deviation to a list
of elites. We write L(+) as in (5).

Eufu}, [T =@+o)

-, frw<@to) O

L(w) ={

EGA’s algorithm is shown in Algorithm 1.
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ALGORITHM 1: EGA(G = {V,E,W,P}, k) // ks
number of seeds
/1 S is the set of seed nodes
[ — Q;E— @;S — 0,
foreachu e V
I, — @;
L, — f+(u) // set of influenced individuals by u
End foreach
calculate p by using (3)
calculate o by using (4)
foreachu e V
L(u) // this calls the function in (5), and it
creates the list of elites [E

End foreach
for / to k do

s* «— argmax|l,| // pick most influential elite
individual uek

Su {S *} // add most influential elite individual to the
seed set

E— E\ ({s*}U I;+) // exclude s* and (if any)
all influenced individuals by s* from E
End for
Output S
End

Here, k is the desired number of seeds; S is the set of
seed nodes.

4. EXPERIMENTS (DENEYLER)

In this section we give the brief information about
the used datasets, and the competitors. Then, we
present the experimental results.

4.1. Datasets (Veri Setleri)

In the experiments, we used Stanford Large
Network  Dataset Collection  — SNAP’s
(http://snap.stanford.edu/data/index.html) large
signed social network datasets Epinions and Slashdot
[27]. Epinions is a product review web site. The users
vote to trust or distrust someone based on their
reviews of products. It has 131.828 nodes and 841.372
edges. Slashdot is a technology news web site. The
users can rate each other as friend or foe. It has 81.871
nodes and 545.671 edges.

4.2. The competitors (Rakipler)

We compared the EGA with the IC-P Greedy, out-
degree heuristic, and random selection method. The
IC-P greedy is a recent algorithm for the IM problem
[6]. Out-degree heuristic and random selection

method are often used for benchmarking. We give the
details of the algorithms below.

IC-P Greedy The IC-P Greedy picks one node on
the each iteration that provides the maximum marginal
gain in the total influence. Its algorithm is shown in
Algorithm 2.

ALGORITHM 2: IC-P Greedy (k, f*(*)) // k is the

number of seeds

/'S is set of seed nodes

S — 0@,

for / to k do
Select u «— argmax(f*(S U {v}) — F¥(S))
S=SuU {u} u€ev\s

End for

Output S

End

Here, k is the desired number of seeds; f*(+) is the
positive influence function that returns the positive
influence of S.

Out-Degree — This heuristic picks the top —k
nodes, which have the highest out degree.

Random — This method randomly selects seed
nodes from network.

4.3. Experimental Results (Deneysel Sonuglar)

We used Polarity related IC Model (IC-P) as
propagation model, and weighted cascade setting for
determining the edge weights on the graph datasets.
Achieved positive influence values on Epinions and
Slashdot datasets are shown in Fig. 1 and Fig. 2,
respectively.

12000 -
EGA
10000 - Out Degree
Random
5] 0—"*‘
S 8000 1 - _e - IC-P Greedy 2~
= ‘,0
Q ”/
=2 ®
= »
= 6000 - .’
2 'y
:E /‘
2 »
& 4000 - § 4
L 4
/
L d
2000 - //
[ ]
0 ST T
1234567 891011121314151617181920
Seed node set size

Fig. 1. Results for Epinions dataset (Epinions veri seti

i¢in sonuglar)
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4.3. Experimental Results (Deneysel Sonuglar)

We used Polarity related IC Model (IC-P) as
propagation model, and weighted cascade setting for
determining the edge weights on the graph datasets.
Achieved positive influence values on Epinions and
Slashdot datasets are shown in Fig. 1 and Fig. 2,
respectively.
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Fig. 2. Results on Slashdot dataset (Siashdot veri seti icin

sonuglar)

Random and out-degree heuristic have given the worst
results. The IC-P Greedy outperforms the EGA for
relatively low seed node set size, especially less than
9. For higher sizes, the EGA outperforms the IC-P
Greedy. Please note that, the IM problem is getting
harder to solve with the increase of seed node set size.
As aresult, the EGA gives competitor performance in
terms of solution quality.

Additionally, we compared the EGA and the IC-P
Greedy in terms of running times. The EGA has
generated the list of elites by picking ~21.000 nodes
among 131.828 nodes in Epinions dataset; generated
the list of elites by picking ~16.500 nodes among
81.871 nodes in Slashdot dataset. These are the 16%
of total nodes, and 20% of total nodes respectively.
Main time consuming part of the algorithms is the
computing a node’s marginal gain to the total
influence. The EGA has reduced the number of nodes
that need to be calculated to approximately one fifth.
Thus, the EGA’s running time is 5 time faster than the
IC-P.

5. DISCUSSION AND CONCLUSION (TARTISMA
VE SONUC)

The IM problem is one of the most attractive
research topics in the social network analysis because
its practical benefits in viral marketing, public
opinions shaping etc. In this study, we dealt the signed
IM problem, which considers positive and negative
relations between social network users, and we
developed a new fast greedy algorithm called EGA.
The EGA gives better results than state-of-the-art the
IC-P Greedy algorithm in the most experiments in
terms of solution quality and the time efficiency. Even
if the EGA adopts pure greedy approach, its strategy
could be applied to heuristic-based approaches. The
nodes can be easily qualified by their centrality
measure values during the creation of the list of elites.
This improves the time efficiency of the algorithm
significantly because the centrality measures bypass
heavy Monte Carlo propagation simulations. For this
purpose, robust centrality measures that have good
ranking capabilities should be developed.
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Bu ¢alismada CSE-CIC-IDS2018 veri kiimesi tizerinde saldir1 tespiti amaglanmistir. Kullanilacak
yontemler tek seviyeli yontem ve iki seviyeli hibrit yontem olarak iki boliime ayrilmustir.
Calismada Evrisimsel Sinir Ag1 (CNN), Rastgele Orman, Hafif Gradyan Artirma (LGBM), (CNN
+ Rastgele Orman), (LGBM + Rastgele Orman) ve (Rastgele Orman + Rastgele Orman) makine
6grenmesi yontemleri kullanilarak veri kiimesi ele alinmustir. %98 dogruluk orani ve 0.86 macro
F-skoru ile (CNN + Rastgele Orman) hibrit modelinin en iyi saldir1 tespiti yaptig1 goriilmiistiir.
Ayrica, GridSearch ile hiperparametre optimizasyonu yapilmis, Sentetik Aznlik Asir1 Ornekleme
Teknigi (SMOTE) ve yiiksek korelasyonlu 6zniteliklerin tespit {izerindeki etkisi incelenmistir.
Caligma, CSE-CIC-IDS2018 veri kiimesi iizerinde ilk defa iki seviyeli hibrit ¢oklu siniflandirma
kullanildigi i¢in 6zgiindiir.
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The aim of'this study is to perform intrusion detection on CSE-CIC-IDS2018 dataset. The methods
to be used were divided into two parts as one level method and two level hybrid method. In this
study, we handled this dataset by using Convolutional Neural Network, Random Forest, Light
Gradient Boosting Machine, (CNN + Random Forest), (LGBM + Random Forest) and (Random
Forest + Random Forest) machine learning methods. (CNN + Random Forest) was found to be the
best intrusion detection method with 98% accuracy score and 0.86 macro F-score. In addition,
hyperparameter optimization was performed with GridSearch and the effect of Synthetic Minority
Over-sampling Technique and high correlated features on detection was investigated. The study
is unique because of that is the first time used the two-level hybrid multi classifying on CSE-CIC-
IDS2018 dataset.
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1. GIiRIiS anrroDUCTION)

saklanmast ile gergeklenirken anomali tabanh
sistemler gergek zamanli paketlerin diizenli ve normal

Saldirt Tespit Sistemleri (STS), korunacak aga paketler ile aykiriliklarim1  degerlendirir. Bu

digaridan veya iceriden yapilan saldirilar tespit

aykiriliklarin  tespiti ig¢in genel olarak makine

etmeyi ve Onlemeyi amaglar. Saldirt Tespit Sistemleri
temel olarak imza tabanli ve anomali tabanli olarak
ikiye ayrilabilir. imza tabanli sistemler, daha 6nce
goriilen ve bilinen saldir tiplerinin bir veri tabaninda

O0grenmesi yontemleri kullanilir. Bu g¢alismada da
makine oOgrenmesi yontemleriyle saldir1 tespiti
amaglanmustir.
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Var olan saldir1 tespit amagli veri kiimeleri
incelendiginde saldir1 ¢esitliligi agisindan az sayida
giincel veri kiimesi bulunmaktadir. Calismada 2018
yilinda hazirlannmus, saldirt cgesitliligi yiiksek olan
CSE-CIC-IDS2018 [1] veri kiimesi {izerinde saldir1
tespiti amaglanmugtir.  Literatiirdeki  ¢aligmalar
incelendiginde bu veri kiimesi lizerindeki tim saldir
tiplerini g¢oklu siniflandiran tutarli bir c¢alismaya
rastlanmamustir, ¢alisma bu yoniiyle 6zgiin deger
tagimaktadir.

Bu ¢alismada Tek Seviyeli Yontem ve ki Seviyeli
Hibrit Yontem olmak iizere iki farkli yontemin CSE-
CIC-IDS2018 wveri kiimesi {iizerinde saldir1 tespit
bagarist test edilmistir. Tek seviyeli yontemde
Rastgele Orman, LGBM ve CNN smiflandirma
algoritmalar1 ile veri kiimesi iizerinde saldir1 tiirleri
coklu smiflandirilmistir.  Ancak Tek Seviyeli
Yontemde  kullanilan  smiflandiricilarin - yanlis
siniflandirdigi gézlemlerin dogru siniflandirilabilmesi
icin, iki seviyeden olusan (ilk seviyede ikili
smiflandirma  yapilip  ikinci seviyede ¢oklu
siniflandirma yapilarak saldir1 tiirii tespiti) hibrit
yontemin  siniflandirma  basarisina  etki  edip
etmeyecegi arastirilmistir. ki Seviyeli hibrit (Seviye
1 + Seviye 2) yontemde, 6nerilen model Seviye 1 ve
Seviye 2 olmak {iizere iki asamadan olusmaktadir.
Seviye 1'de; veri kiimesi iizerinde saldiri olup
olmadiginin tespiti i¢in Rastgele Orman, LGBM ve
CNN algoritmalar1 ayr1 ayr1 denenerek ikili
siniflandirma yapilmistir. Seviye 2'de ise, Seviye 1'de
saldir1 olarak tespit edilen gozlemlerin tiimii, Rastgele
Orman algoritmast i¢in test verisi olarak kullanilarak
coklu simniflandirma yapilmistir. Elde edilen deneysel
sonuglar incelendiginde, Iki Seviyeli Hibrit yontem
kullantminin veri kiimesi Tiizerinde saldir1 tespit
basarisini arttirdigi goriilmiistiir. En yiiksek basarimi
veren model, CNN algoritmasi ile ikili
siniflandirmanin ardindan Rastgele Orman yontemi
ile coklu smiflandirma yapan Iki Seviyeli yontemdir.
Yontemde, %98 dogruluk orani ve 0.86 F-skor macro
ortalamasiyla saldir1 tespiti yapilmustir.

Calismanin ikinci boliimiinde literatiirde saldiri
tespit amagli makine O6grenmesi ve derin dgrenme
yontemlerini kullanan ¢alismalar verilmistir. Ugiincii
bolimde ise CSE-CIC-IDS2018 veri kiimesine ait
ayrmtili bilgiler verilmis olup, dordiincii boliimde ise
calisma kapsaminda onerilen iki seviyeli hibrit model
detaylandirilarak ve elde edilen sonuglar analiz
edilmistir. Son bdliimde elde edilen sonuglar
degerlendirilerek  ileride  yapilmasi  planlanan
calismalardan bahsedilmistir.

2. iILGILI CALISMALAR (RELATED STUDIES)

Wankhede ve Kshirsagar 2018 yilindaki
caligmalarinda [2], CICIDS2017 veri kiimesindeki
sadece belirli bir giinde yapilan DoS saldirilan
iizerinde Rastgele Orman ve Yapay Sinir Ag1
(Artificial Neural Network-ANN) yontemlerini
kullanarak saldir1  tespiti yapmuglardir. Bunun
yaninda, gozlem sayisinin tespit basarisina etkisini
incelemek icin, egitim verisinin %20-80 arasinda
gozlemi kullanilarak Rastgele Orman ve Cok
Katmanli Algilayict (Multi Layer Perceptron-MLP)
algoritmalarinin ~ bagarimlart  karsilastirilmustir.
Rastgele Orman yonteminin %99.95 dogruluk oram
ile daha bagarili oldugu ve Rastgele Orman yontemi
icin %50, MLP yontemi igin %30 gdézlem oraninin en
iyi (optimal) oldugu goriilmiistiir.

Sharafaldin ve arkadaglar1 2018 yilindaki
calismalarinda [1], ag trafigi dinlenmesi ve saldiri
tespiti icin olusturulan veri kiimelerindeki saldiri
cesitliligi yetersizliginden dolayr CICIDS2017 veri
kiimesini olusturmuglardir. Bu veri kiimesi iizerinde k
En Yakin Komsu (k Nearest Neighbor-k-NN),
Rastgele Orman, Tekrarl Ikilikci Agaci (Iterative
Dichotomiser 3-ID3), Adaboost, MLP, Naive Bayes
ve Karesel Diskriminant Analizi (Quadratic
Discriminant Analysis-QDA) yontemleri saldirt
tespiti amach kullanilmistir. 0.98 F-skoru ile ID3
algoritmasi en iyi sonucu vermistir.

Aksu ve Aydin 2018 yilindaki ¢aligmalarinda [3],
MLP ve Destek Vektér Makinesi (Support Vector
Machine-SVM) yontemlerini kullanarak
CICIDS2017 wveri kiimesi {iizerinde port tarama
saldirilarini tespit etmiglerdir. Veri kiimesi iizerindeki
yalnizca port tarama saldirilari lizerinde MLP ile 0.65,
SVM ile 0.95 F-skoru ile saldir1 tespiti yapilmis ve 7
katmanli MLP modeli ile daha basarili saldir1 tespiti
yapildig1 gosterilmistir.

Kanimozhi ve Jacob 2019 yilindaki ¢aligmalarinda
[4], CSE-CIC-IDS2018 (CIC-AWS-2018) wveri
kiimesindeki Botnet (Bot) saldirilarmi  MLP
yontemini kullanarak tespit etmislerdir. Bunun
yaninda varsayilan hiperparametreler ile asir1 uyum
(overfitting) durumuna diisen model {izerinde
GridSearch yontemi ile hiperparametre
optimizasyonu yapmuglardir. Onerilen yontem ile
Botnet saldirilart  %99.97  dogruluk orani ile
siiflandirilmagtir.

Zhou ve Pezaros 2019 yilindaki ¢aligmalarinda [5],
CSE-CIC-IDS2018 veri kiimesi {izerinde egitilen bir
modelin, hi¢ gérmedigi tipteki saldirilar (Zero-Day)

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2017 Gazi Akademik Yayincihik



Atay, Odabas, Pehlivanoglu / Gazi Miihendislik Bilimleri Dergisi 5 (3). (2019) 258-272 260

iizerindeki basarisini incelemislerdir. 6 farkli makine
Ogrenmesi yontemi (Rastgele Orman, Gaussian Naive
Bayes, Karar Agaci, MLP, kNN, QDA) 10-Katlamal1
Capraz Dogrulama (10-Fold Cross Validation) ile bu
veri kiimesi iizerinde saldir1 tespit amagli denenmistir.
Denemeler her bir saldiri tipi i¢in normal trafik ile ikili
karsilagtirilarak yapilmis ve en basarili yontemin
Karar Agact (Decision Tree) oldugu tespit edilmistir.
Daha sonra model, egitim veri kiimesi iizerinde
Normal ve Saldir1 olmak tizere etiketlenip egitilerek,
test veri kiimesi icin 1 haftalik normal trafik ve 6 farkl
yeni saldir1 trafigi (ZeroAccess, DDoS bot’a darkness,
Google doc macadocs, Bitcoin miner, Drowor worm,
Nuclear ransomware, False content injection,
Ponmocup trojan) olusturulmustur. Karar agaci
yontemi ile bu test kiimesi {izerinde %96 dogruluk
orant ile saldir1 tespiti yapilmustir.

Yulianto  ve  arkadaslart 2019  yilindaki
calismalarinda [6], CICIDS2017 veri kiimesi iizerinde
AdaBoost algoritmasinin performansini
iyilestirmislerdir. Saldir1 tiirleri agisindan dengesiz
olan CICIDS2017 wveri kiimesi iizerinde Temel
Bilesen Analizi (Principal Component Analysis-
PCA), SMOTE ve Topluluk Oznitelik Segimi
(Ensemble Feature Selection-EFS) yontemleri ile
performans iyilestirmesi denenmistir. Karsilastirmali
sonuglara gore, AdaBoost algoritmasinin
performansint 0.90 F-skoru ile en ¢ok iyilestiren
yontemin, SMOTE ve EFS algoritmalarinin birlikte
kullanim1 oldugu gorilmiistiir.

Ullah ve Mahmoud 2019 yilindaki ¢aligmalarinda
[7], Nesnelerin Interneti (Internet of Things-IoT)
aglarinda anormallik tespiti igin CICIDS2017 ve
UNSW-15 veri kiimeleri tizerinde iki seviyeli (hibrit)
bir model gelistirmislerdir. Birinci seviyede Karar
Agact yontemi kullanilarak ikili smiflandirma
(Normal, Saldir1) yapilmus ve saldirn olarak
smiflandirilan paketler ikinci seviyeye sokulmustur.
Ikinci seviyede asir1 drnekleme (oversampling) ve alt
ornekleme  (undersampling)  yontemleri  olan
Yinelemeli Oznitelik Elemesi (Recursive Feature
Elimination-RFE), SMOTE ve Diizenlenmis En
Yakin Komsu (Edited Nearest Neighbors-ENN)
kullanilarak Oznitelik elemesi yapilmustir.
CICIDS2017 veri kiimesi i¢in ilk ve ikinci seviyede
1.0 F-skoru (agirlikli ortalama F-skor); UNSW-15
icin ilk seviyede 0.99, ikinci seviyede 0.97 F-skoru
(agirliklt  ortalama F-skor) ile saldir1 tespiti
yapilmustir.

Wani ve arkadaslar1 2019 yilindaki ¢aligmalarinda
[8] SVM, Rastgele Orman ve Naive Bayes
yontemlerini  kullanarak Bulut Bilisim Ortami

izerinde DDoS saldirilar1 tespiti  yapmuslardir.
Calismada olusturulan veri kiimesi {izerinde 9
Oznitelik kullanilarak en basarili sonug 0.998 F-skoru
ile SVM algoritmasindan alinmistir.

Yang ve arkadaglar1 2019 yilindaki ¢alismalarinda
[9], NSL-KDD ve UNSW-NBI15 veri kiimeleri
iizerinde Diizenlenmis Yogunluk Zirve Kiimelemesi
Algoritmast (Modified Density Peak Clustering
Algorithm-MDPCA) ve Derin Inang Aglarini (Deep
Belief Network-DBN) kullanarak etkili bir saldir
tespit sistemi olusturmayi amacglamislardir. Boyut
azalttimi i¢in egitim kiimesi {izerinde, MDPCA
yontemi ile benzer Ozelliklere sahip alt kiimeler
olusturularak, DBN modeli bu 6rneklerle egitilmistir.
Bunun yaninda kNN, Multinomial Naive Bayes
(MNB), Rastgele Orman, SVM, Yapay Sinir A
(Artificial Neural Network-ANN), DBN, Deep Neural
Networks (DNN), Spektral Kiimeleme ve Derin Sinir
Aglar1 Topluluk Algoritmas1 (Spectral Clustering and
Deep Neural Network Ensemble Algorithm-
SCDNN), Kendi Kendine Ogrenme Teknigi (Self-
taught Learning Technique-STL) Tekrarlayan Sinir
Aglar1 (Recurrent Neural Networks-RNN), Cok
Sinifli Kademeli Yapay Sinir Ag1 (Multiclass Cascade
of Artificial Neural Network-CASCADE-ANN),
Beklenti Maksimizasyonu Kiimelemesi (Expectation
Maximization Clustering-EM Clustering) ve Karar
Agact yontemleri de denenmistir. ki veri kiimesi
tizerinde de onerilen MDPCA-DBN ydnteminin en iyi
sonucu verdigi goriilmiistiir.

Yilmaz ve Sen 2019 yilindaki ¢aligmalarinda [10]
ISOT ve CICIDS2017 wveri kiimeleri {izerinde
Dilbilgisel Gelisim (Grammatical Evolution-GE)
algoritmasmi kullanarak erken botnet tespitini
amagclamuslardir. Onerilen yontemde GE modeli, bu
veri kiimeleri i¢indeki botnet ve normal trafik ile
egitilmistir. Gergek zamanli veriden farkli boyutta
pencereler ile trafik akisi elde edilmis ve bu akislar
énerilen model ile smflandinlmistir.  Onerilen
yontemle literatiirdeki diger ¢aligmalara kiyasla ISOT
veri kiimesi iizerinde en iyi dogruluk orani
saglanmustir.

McKay ve arkadaslart 2019  yilindaki
caligmalarinda [11], CICIDS2017 veri kiimesi
iizerinde Rastgele Orman, OneR, kNN, J48, MLP ve
Naive-Bayes yontemlerini kullanarak botnet saldirt
tespitini amaglamiglardir. Calismada veri kiimesi
dengeli ve normal (orijinal orani koruyarak) olarak iki
farkli sekilde bolinmiis ve dengeli veri kiimesi ile
egitilen tim yontemlerin daha iyi sonu¢ verdigi
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gozlenmistir. Bunun yaninda %98,73 dogruluk
orantyla en iyi sonug J48 ile elde edilmistir.

Ferrag ve Maglaras 2019 yilindaki ¢aligmalarinda
[12], Drone tagima servisleri i¢cin Blokchain tabanli bir
tagima sistemi sunmuslardir. Bunun yaninda giivenlik
icin bir de saldir1 tespit yontemi gelistirmislerdir.
CSE-CIC-IDS2018 veri kiimesi tizerinde SVM, RNN,
CNN ve Rastgele Orman yontemlerini Brute-Force,
Web, DoS, DDoS, Botnet ve Infilteration saldirilarini
tespit etmek icin uygulamislardir. Sirasiyla elde
ettikleri en yiiksek dogruluk orani degerleri %92.19,
%96.12, %96.18, %98.55, %98.71 ve %96.23 tiir.

Lin ve arkadaslar1 2019 yilindaki ¢aligmalarinda
[13], CSE-CIC-IDS2018 veri kiimesi tizerinde 7 temel
siifli saldirt tespiti gerceklestirmiglerdir. Model,
Uzun Kisa Siireli Hafiza (Long Short Term Memory-
LSTM) yontemi ile gerceklenmis ve Attention
Mechanism (AM) yontemi ile daha iyi performans
amaclanmistir. Web ve Infilteration ataklarinin tespit
basarisizligr gorilmils ve dengesizlik probleminin
coziilmesi icin bu smiflar iizerinde SMOTE yontemi
kullanilmigtir.  Ayrica normal trafik rastgele
altorneklenmis ve yalmizca 2 milyon Ornek
birakilmugtir. Saldir tespitinin basarimini
degerlendirmek icin dogruluk orani, precision, recall
ve f-skor degerleri verilmistir. Ancak calismada
verilen precision, recall ve f-skor degerleri birbirleri
ile celismektedir. Orn. 0.93 precision ve 0.17 recall
sonuglar1 alinan bir sinif igin 0.93 f-skor degeri elde
edildigi iddaa edilmistir.

Filho ve arkadaslar1 2019 yilindaki ¢aligmalarinda
[14], CIC-DOS, CICIDS2017, CSE-CIC-IDS2018 ve
kendi gelistirdikleri veri kiimeleri iizerinde Rastgele
Orman yontemi ile DoS saldir1 tespiti yapmay1
amaglamiglardir. Veri kiimeleri i¢in sirasiyla 0.999,
0.992, 1.000 ve 0.995 F-skor degerleri elde edilmistir.

Kanimozhi ve Jacob 2019 yilindaki ¢aligmalarinda
[15], CSE-CIC-IDS2018 veri kiimesi ilizerinde kNN,
Naive Bayes, SVM, Rastgele Orman, AdaBoost ve
MLP yontemlerini kullanarak botnet saldiri tespiti
gerceklestirmiglerdir. Ayrica yontemlerin kalibrasyon
egrileri iizerinden performanslart degerlendirilmistir.
kNN, Naive Bayes, SVM, Rastgele Orman, AdaBoost
ve MLP yontemleri i¢in elde edilen F-skor degerleri
sirastyla; 0.9984, 0.9953, 0.9994, 0.9992, 0,9992 ve
0,9998'dir. F-skor degeriyle dogru orantili olarak,
kalibrasyon egrisi miikkemmel egriye en yakin olan
yontemin de MLP oldugu verilmistir.

Literatiirdeki yapilan calismalar incelendiginde,
CSE-CIC-IDS2018 veri kiimesini kullanan alt1 farkli
calismaya [4,5,12,13,14,15] rastlanmustir. [4, 15]’te
verilen ¢aligmalarda sadece Botnet saldirilart tespit
edilmis ancak diger saldir1 tiirleri ele alinmamuistir.
[5]te verilen ¢alismada ise CSE-CIC-IDS2018 veri
kiimesi iizerinde en iyi makine 6grenmesi yontemini
bulmak i¢in, saldirilar tek tek normal trafik ile
kargilagtiritlmig ancak saldiri tiplerinin birbirleriyle
kargilagtirmasi yapilmamustir, ilgili calismada sadece
Zero-Day saldirilarinin tespiti amaglanmustir. [12]°de
verilen ¢aligmada ise sinif sayist 7°ye indirerek ¢oklu
smiflandirma yapilmistir yalnizeca dogruluk oram
sonuglar1 paylagilmistir. Ancak dogruluk oran1 CSE-
CIC-IDS2018 gibi dengesiz bir veri kiimesinde
yaniltict bir metriktir, bu metrige ek olarak diger
metriklerin de, 6zellikle F-skor degerinin verilmesi
uygundur. [13]te verilen ¢alismada 7 temel sinif
tizerinde tespit yapilmisg, precision, recall ve F-skor
degerleri verilmistir. Ancak verilen bilgiler birbirleri
ile ¢elismektedir, calisma tutarsizdir. [14]’te verilen
calismada yalnizca DoS saldirilarinin tespiti yapilmis
ve diger saldirt tiirleri ele alinmamustir. Bu ¢alismada
ise CSE-CIC-IDS2018 veri kiimesi lizerindeki tim
saldirilarin tespiti i¢in en iyi basarimi gosteren iki
seviyeli hibrit bir model Onerilmistir. Calisma bu
yoniiyle 6zgiin olup, bu verisetini kullanan diger
¢aligmalarda onerilen yontemlerden farklidir.

3. VERI KUMESI OZELLIKLERI (pATA SET
SPECIFICATIONS)

Calismada kullanilan veri kiimesi CSE-CIC-
IDS2018, CICIDS2017 veri kiimesinin giincellenmis
halidir ve bilinen en yeni saldir1 trafigi veri kiimesidir.
Bu veri kiimesi Kanada Siber Giivenlik Enstitiisii
(CIC) ve lletisim Giivenligi Kurumu (CSE) tarafindan
Amazon AWS LAN ag iizerinde toplanarak
olusturulmustur.

Veri kiimesinde BruteForce (Web, XSS, FTP,
SSH), Botnet, DoS (Hulk, SlowHTTPTest,
GoldenEye, Slowloris), DDoS (HOIC, LOIC-UDP,
LOIC-HTTP), Web Saldirilar1 (SQL Injection) ve
Aga igeriden sizma (Infilteration) olmak iizere 6 tipte
14 farkli saldir tiirii (2,746,934 tane gozlem) vardir.
CICFlowMeter-V3 [16] kullanilarak elde edilen
paketler ag trafik akislarina doniistiiriilmiis ve 80
Oznitelik sunulmustur. Saldirt tipleri ve bu saldirilara
ait gozlem sayilarinin dagilimi Tablo 1°de verilmistir.
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Tablo 1. Veri Kiimesindeki Gézlem Sayilari

Saldin Tiirii Gozlem Sayis1
Normal 13390249
Bot 286191
Brute Force Web 611
Brute Force XSS 230
DDOS HOIC 686012
DDOS LOIC UDP 1730
DDoS LOIC HTTP 576191
DoS GoldenEye 41508
DoS Hulk 461912
DoS SlowHTTPTest 139890
DoS Slowloris 10990
FTP BruteForce 193354
Infilteration 160639
SQL Injection 87
SSH Bruteforce 187589

Tablodan da goriilecegi gibi veri kiimesinde yer alan
saldirt  tiplerinin gdzlem sayilarmin dagilim
dengesizdir. Veri kiimesi icerisindeki Infilteration
saldirisy, diger saldirilarin aksine aga iceriden sizma
yolunu izlediginden normal trafik ile ¢cok benzerlik
gostermektedir. Bu sizma islemi genellikle kurbana
gonderilen zararli yazilim igeren bir e-posta ile veya
Adobe Acrobat Reader gibi hassas yazilimlarin
zaaflarindan faydalanarak kurban bilgisayarda Nmap
ve portscan gibi araclar1 kullanmay1 saglayacak bir
arka kapi yaratarak uygulanir. Bu caligmada ve
literatiirde var olan c¢alismalarda Infilteration
saldirisinin basar ile tespit edildigi goriilmemistir.
Infilteration saldir1 tipinin makine 6grenmesi ve derin
o6grenme metodlar1 ile tespit edilmesinin zorlugu
gosterilmistir.

4, ONERILEN YONTEM VE DENEYSEL
SONUCLAR (RECOMMENDED METHODS AND
EXPERIMENTAL RESULTS)

Calismada saldir1 tespiti i¢in kullanilan modellere
ait kapsamli bilgiler asagida verilmistir. Calisma

kapsaminda veri onisleme adimindan sonra dnerilen
yontem tek seviyeli ve iki seviyeli olarak ele
alimmstir. iki seviyeden kasit, test kiimesindeki
verilerin ardisik olarak iki farkli modele sokulmasidir.
ilk seviyede gozlemin saldiri olup olmadig (ikili
smiflandirma) tespit edilir, ikinci seviyede ise ilk
seviyede saldir1 olarak nitelenen gozlemlerin saldiri
tirti belirlenir. Boylece olusan hibrit modelin genel
basarimi arttirmasi beklenmektedir.

4.1. Veri Onisleme (Data Preprocessing)

Paylasilan veri kiimesinde CICFlowMeter-V3 ile
Oznitelikler ¢ikarilmis ve Flow ID, Source IP, Source
Port ve Destination IP &znitelikleri veri kiimesinden
atilmistir.  Ayrica, bir saldirida, saldirnt zamam
onemsiz ve ilgisiz oldugundan, saldir1 zamaninin
saldirt durumu veya tipi ile herhangi bir iliskisi
olmadigindan Timestamp 6zniteligi veri kiimesinden
atilmistir. Eksik bilgi iceren Flow Byts/s ve Flow
Pkts/s  Oznitelik  degerleri  medyanlar1  ile
doldurulmustur. Standart sapmasit 0 olan Bwd PSH
Flags, Bwd URG Flags, Fwd Byts/b Avg, Fwd Pkts/b
Avg, Fwd Blk Rate Avg, Bwd Byts/b Avg, Bwd
Pkts/b Avg ve Bwd Blk Rate Avg 6znitelikleri saldir
tespiti icin gereksiz ve etkisiz oldugundan veri
kiimesinden atilmistir. Ayrica sonsuz deger iceren
gozlem degerleri veri kiimesinden kaldirilmistir. Veri
kiimesinin %25’1 (4,034,296 gozlem) test verisi
olarak, kalan %75°1 ise (12,102,887 gozlem) egitim
verisi olarak ayrildiktan sonra egitim siiresini
kisaltmak, egitim kiimesini daha dengeli hale
getirmek ve normal trafik gozlem sayisini1 500,000’e
indirmek i¢in yaklagik 9,5 milyon normal trafik
gozlemi yalnizca egitim kiimesi iginden rastgele
atilmuistir. Sonug olarak Tablo 2°de goriilecegi iizere,
egitim kiimesi 2,560,176 ve test kiimesi 4,034,296
gozlemden olugmaktadir. Egitim kiimesindeki normal
trafik gozlem sayisinin 500,000°e indirilmesinin
sebebi; normal trafik gézlem sayisinin veri kiimesinde
en ¢ok rastlanan DDOS HOIC (514,590 gozlem)
saldirisinin seviyesine ¢ekilmek istenmesidir.

Standart sapmast sifir olan 6znitelikler atildiginda
kalan 70 Oznitelik ile yapilan egitimlerin siirelerini
azaltmak i¢in birbirleri ile korelasyonu yiiksek olan
Oznitelikler tespit edilmistir. Atilacak Oznitelikleri
belirleyecek korelasyon esik degerinin dirsek yontemi
(elbow method) uygulanarak 0.9-1.00 arasinda oldugu
tespit edilmistir. Bu yonteme ait elde edilen
korelasyon esik degeri-atilacak 6znitelik sayis1 grafigi
Sekil 1’de verilmistir. Sekil 2’de, Sekil 1°de tespit
edilen deger araligimin grafigi verilmis olup 0.96
korelasyon esik degeri olarak belirlenmistir. 0.96 esik
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degerinde yliksek korelasyona sahip Ozniteliklerin
atildig1 veri kiimesi yalnizca tek seviyeli yontemdeki
LGBM modeli igin basarim arttirdigindan sadece bu
modelde uygulanmuistir.

Tablo 2. Egitim ve Test Kiimesindeki G6zlem Sayilari

Saldir Tiirii Egitim Kiimesi Test Kiimesi
Gozlem Sayisi Gozlem Sayisi
Normal 500000 3347538
Bot 214555 71636
Brute Force Web 454 157
Brute Force XSS 180 50
DDOS HOIC 514590 171422
DDOS LOIC UDP 1308 422
DDoS LOIC HTTP 431871 144320
DoS GoldenEye 31042 10466
DoS Hulk 346618 115294
DoS SlowHTTPTest 104927 34963
DosS Slowloris 8264 2726
FTP BruteForce 144998 48356
Infilteration 120659 39980
SQL Injection 68 19
SSH Bruteforce 140642 46947
Toplam 2560176 4034296
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Sekil 2. Dirsek yontemine gore belirlenen korelasyon
esik degeri

4.2. Smote

Veri kiimesindeki dengesizligi agsmak i¢in SMOTE
yontemi denenmigtir. Rastgele Orman ve LGBM
yontemlerinin SMOTE kullanilarak ve kullanilmadan
elde edilmis F-skor sonuglar1 Tablo 3’te verilmistir.
Tabloda elde edilen sonuglar ele alindiginda, Rastgele
Orman yontemi i¢in sadece Brute Force Web, Brute
Force XSS saldirilariin basarim oraninin sirasiyla
0.03 ve 0.06 arttig1 gozlemlenmistir, diger saldiri
tipleri i¢in degisim godzlenmemistir. LGBM i¢in,
Brute Force Web, Brute Force XSS, DDOS LOIC
UDP, DDoS LOIC HTTP, DoS GoldenEye, DoS
SlowHTTPTest ve DoS Slowloris saldirilarinin
basarim oranlarinin sirasiyla 0.03, 0.17, 0.15, 0.01,
0.03, 0.01, 0.14 artt181, normal trafik ve Infilteration
saldirisinin basarim oranlarinin ise sirastyla 0.14 ve
0.19 azaldigi gorilmiigtir. Bu nedenle c¢alisma
kapsaminda SMOTE ydnteminin sonuglara olan zayif
etkisi ele alindiginda, saldir1 tespiti icin etkili bir
yontem olmadig1 goriilmiistir. Bu nedenle SMOTE
yontemi kullanilmamuistir.
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4.3. Tek Seviyeli Yontem (One Level Method)

saldinn Tarii/ | | Rastgele LGBM Tek seviyeli yontemde saldir tespltl icin LGBM,
Yontem (F- ASLBC 1 Orman | LGBM CNN ve Rastgele Orman algoritmalar1 saldiri
Orman SMOTE . .. ..
skor) SMOTE tirlerinin ¢oklu smiflandirilmast i¢in ayr1 ayrn
denenmistir. Yontem mimarisi Sekil 3’te ayrmtili
Normal 0.97 0.97 0.99 0.85 e co .
verilmigtir. Veri Onisleme adimindan sonra model
Bot 1.00 1.00 1.00 1.00 egitilerek test verileriyle test edilir. LGBM yontemi
icin ‘boosting_type’ hiperparametresi ‘dart’ olarak
Brute Ft?rce 044 047 0.04 0.07 secilmigtir ve korelasyonu 0.96 esik degerinden
We yiiksek olan Oznitelikler atilarak egitim yapilmistir.
Brute Force CNN yontemi i¢in 2 tane bir boyutlu evrisimsel
XSS 0.81 0.87 0.10 0.27 katman, 2x2 filtreli havuzlama (Pooling) katmani,
diizlestirme (Flatten) katmani, ‘relu’ aktivasyon
DDoS HOIC 1.00 1.00 1.00 1.00 fonksiyonlu ve %10 Dropout degeri olan 512 néronlu
DDoS LOIC 2 tane tam baglantili katman ve 15 ndronlu,
0 . .
UDP 0.91 0.91 0.73 0.88 aktivasyon fonksiyonu softmax olan ¢ikis katmani
iceren bir ag kullanilmistir. 100 iterasyon ile egitilen
DDoS LOIC 1.00 1.00 0.99 1.00 modelin iterasyon-dogruluk orani grafigi Sekil 4’te
HTTP verilmistir.
DoS GoldenEye 1.00 1.00 0.97 1.00
DoS Hulk 1.00 1.00 1.00 1.00 0936 A B o e e A BORII
i
DoS 0934 |'
SlowHTTPTest 0.61 0.61 0.61 0.62 % J
g' 0932
DoS Slowloris 1.00 1.00 0.82 0.96
0930
FTP BruteForce 0.79 0.79 0.79 0.79 -
— egitim
dogrulama
Infilteration 0.16 0.16 0.25 0.06 Pl : ; . : :
0 20 40 60 80 100
iterasyon
SQL Injection 0.67 0.67 0.00 0.12
Sekil 4. Tek seviyeli CNN igin iterasyon-dogruluk
SSH Bruteforce 1.00 1.00 1.00 1.00 <
grafig
:rr:tl'efnrca E
Bot :;ush'orce : %]ﬁ' 2
Normal [E] DDoS HOIC
. .
bop O it
'DDDS Loic Bs
HTTP AREES
o= © — N
S - O =: e
. o Tek Seviyeli /
Veri Kiimesi Veri Onigleme Model DoS Hulk -\
J s
Faim 1 gl‘::vHTTPTesl
¥ f Y
2‘::‘:2'0“:2 .,él'ﬁilg. gl:ilaris @%:
saL Y FTP
Injection Bruteforce  A[EIED

Infilteration :‘E%Eﬂ

Sekil 3. Tek seviyeli yontemin mimarisi
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Rastgele Orman ydnteminin hiperparametre se¢imi
ve optimizasyonu 3-fold Cross Validation ile
GridSearch yontemi ile yapilmistir. Test edilen
hiperparametreler agsagida verilmistir.

. max_features = ‘sqrt’, 02, 0.3, 0.4, 0.5, 0.6

. min_samples_split = 2:5 (2,3,4,5), 6:10, 15,
17, 30, 45, 70, 100, 200

. min_samples_leaf=1,2,3,4, 8

. n_estimators = 20, 40, 80
Test edilen hiperparametreler i¢inden max_features
icin 0.4, min_samples_split i¢in 5, min_samples leaf
icin 1 ve n_estimators i¢in 80 degerleri en iyi sonuglar
elde edildigi icin secilmistir. Cross Validation
sonuglart Tablo 4’te verilmistir.

Tablo 4. Cross Validation Sonuglari

Degerlendirme Olciitii F-skor Macro Ortalamasi

Fold-1 0.8832
Fold 2 0.8794
Fold 3 0.8840
Ortalama 0.8822

4.4. iki Seviyeli Yontem (Two Level Method)

ki seviyeli yontemin genel yapist Sekil 5’te
verilmistir. Sekilde de goriildigi gibi, bu yontemde
model iki asamadan olugmaktadr. flk seviyede veri
kiimesi tizerinde saldir1 olup olmadiginin tespiti i¢in
Rastgele Orman, LGBM ve CNN ydntemleri ayr1 ayr1
kullanilarak ikili smiflandirma yapilmustir. Tkinci
seviyede ise, ilk seviyede saldir1 olarak tespit edilen
gozlemler ikinci seviyede Rastgele Orman modeli igin
test verisi olarak kullanilmustir. Egitim i¢in ise, Seviye
1 ikili etiketlemeden sonra egitilirken Seviye 2 veri
Oniglemeden hemen sonra egitilir. Seviye 1 ve Seviye
2 i¢in ayrintili bilgiler asagidaki alt basliklarda
verilmistir.

4.4.1. Seviye 1 (Level 1)

[k seviyede veri kiimesi, saldir1 ve normal trafik
olmak {iizere ikili etiketlenmistir. Etiketlenmis veri
iizerinde Rastgele Orman, LGBM ve CNN yontemleri
denenmistir. Bu seviyenin kullanilmasindaki amag,
veri kiimesinde yogun olarak gdzlenen normal trafigi
filtrelemektir. CNN modelindeki agin yapist tek
seviyeli CNN modelindeki agm yapist ile aymidir.
LGBM modeli i¢in tek seviyeli modelden farkl

olarak, korelasyonu 0.96 esik degerinin iizerinde olan
Oznitelikler  kaldirilmamistir.  Rastgele  Orman
modelinde max_features i¢in 0.2, min_samples_split
icin 75, min_samples leaf i¢in 1 ve n_estimators i¢in
80 degerleri kullanilmistir.

Tablo 5’te uygulanan yontemler ve basarimlar
verilmistir.  Tablo’da elde edilen  sonuglar
degerlendirildiginde F-skor degerleri birbirine yakin
ciktigindan, tiim modellerden elde edilen ciktilar
Seviye 2’nin girdisi olarak kullanilmistir.

Tablo 5. Seviye 1 Basarimlari

Dege“rle{ld}rme LGBM Rastgele CNN
Olgciitii Orman
F-skor 0.95 0.94 0.95
Dogruluk Orani 0.98 0.98 0.98

4.4.2. Seviye 2 (Level 2)

Seviye 1’de saldir1 olarak tespit edilen gozlemler,
Seviye 2’de Rastgele Orman yontemi ile
smiflandirilmistir.  Seviye 2’deki Rastgele Orman
modeli icin tek seviyeli modelde kullanilan
hiperparametrelerin aynilar1 kullanilmigtir. Seviye
1’de kullanilan modellerin tahminleri ile Rastgele
Orman modeli (Seviye 2) test edilir. iki Seviyeli
model icin elde edilen sonuglar incelendiginde,
Seviye 1 icin CNN modelinin kullanilmas1 ve
sonrasinda  Rastgele Orman algoritmasi ile
smiflandirma yapilmasinin (CNN + Rastgele Orman)
basarimi arttirdig1 gorilmistiir.

Seviye 2 i¢in egitim yaklagimlar: ele alindiginda;
iki Seviyeli modelde Seviye 1°de tiim veri kiimesi ile
egitim yapilirken Seviye 2’deki modelin egitimi icin
ise iki yaklagim uygulanabilir. Bu yaklasimlardan ilki,
tim veri kiimesi ile egitim, digeri ise normal trafik
icermeyen (sadece saldirilarin yer aldigi) veri kiimesi
ile egitimdir.

Caligmada Seviye 2’de her iki yaklagim da
denenmistir. Her iki yaklasimmn da avantaj ve
dezavantajlart vardir. Tiim veri kiimesi ile egitim
yaklagiminin avantaji, Seviye 1’in, saldir1 olarak
yanlis nitelendirdigi (False Positive) gozlemler igin,
Seviye 2’de bu hatanin diizeltilme (True Negative)
ihtimalidir. Dezavantaji ise Seviye 1’in saldir1 olarak
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dogru nitelendirdigi (True Positive) gozlemleri
normal trafik olarak yanlis niteleme (False Negative)
ihtimalidir. Sadece saldir1 kiimesi ile egitim
yaklagiminin avantaji, egitim sirasinda normal trafigi
gormedigi icin, Seviye 1’in saldir1 olarak dogru
nitelendirdigi (True Positive) gdzlemleri normal trafik
ile karigtirmamasidir. Dezavantaji ise Seviye 1’in,
saldir1 olarak yanlis nitelendirdigi (False Positive)
gozlemlerin diizeltilmemesidir.

Iki yaklasim arasinda secim yapmak igin her bir
modelin (Rastgele Orman + Rastgele Orman, LGBM
+ Rastgele Orman ve CNN + Rastgele Orman) Seviye
2’deki egitimi i¢in iki yaklasim da denenmistir.
Calisma kapsaminda 6nerilen iki seviyeli hibrit model
icin elde edilen sonuglar analiz edildiginde Seviye
2’de tiim veri kiimesi ile egitim yaklasiminin
kullanilmasinin her {i¢ model i¢in de daha basarili
oldugu goriilmiistiir. Tablo 6’da Rastgele Orman +
Rastgele Orman modeli i¢in her iki yaklagimin F-skor
sonuglar1 ayr1 ayri verilmistir. Sadece bu modelin

266

verilmesinin nedeni iki yaklasim arasindaki macro F-
skor farkinin en yiilksek olmasidir. Tablo
incelendiginde, ozellikle Brute Force XSS ve SQL
Injection saldiri tiirleri i¢in tiim veri kiimesi ile egitim
yaklagiminin basarisi agiktir.

Egitim verisinin timiiniin kullanimi daha iyi sonug
verdiginden Onerilen hibrit model i¢in Seviye 2’de
tiim veri kiimesi ile egitim yapilmustir.

Elde edilen deneysel sonuglarin tiimii analiz
edildiginde saldir1 tespitinde kullanilacak hibrit
modeller i¢cin (CNN + Rastgele Orman) ydnteminin
birinci yaklagim ile birlikte kullanimi en yiiksek
basarimi elde etmistir. Infilteration saldirilarinn tespit
basarisnin diisiik oldugu tespit edilmis ve ag iizerinde
normal trafik ile en ¢ok benzerlik gdsteren saldiri
oldugu goriilmiistiir.

(Bruteforce -hd-, |
Web
| Bot ] Bruteforce )
- L J xss
==
(011) Egitim -{Normal @] |DDos Holc %: ‘
——l
\ il Etketieme N\ \ | |/ [bbestoic Ak,
Saldin \ [/ |uop
Yok . / o
AN e [DDos LoIC
(L =1~
Saldlrl .
Test Var (DoS .
wﬂo Test Goldeneye .
uHm . J
. Veri Kiimesi )/ \ Veri Omsleme, SEVIYE“ Seviye 2
/ B ADOS Hulk * ‘
Egitim / ‘."‘ "‘. \ (Dos )
I SIowHTTPTesI
4 \ DoS ii ‘
SSH / \
/ \ Slowl [&]
’\Brutefarce €] / \ owloris 1
; : ) J |
[saL : ‘ FTP
klnjection \Bruleforce )
‘ Infilteration ‘

Sekil 5. Tki Seviyeli Hibrit Yontemin Mimarisi
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Tablo 6. Tki Seviyeli Yontem Igin Egitim Yaklasim
Sec¢imi Sonuglari

Saldir: Tiirii / Tim Veri Yalmz Saldir
Yaklasim (F-skor) Kur{l'e ?l lle Kur{l'e ?l lle
Egitim Egitim

Normal 0.99 0.99
Bot 1.00 1.00
Brute Force Web 0.47 0.41
Brute Force XSS 0.91 0.47
DDOS HOIC 1.00 1.00
DDOS LOIC UDP 0.92 0.92
DDoS LOIC HTTP 1.00 1.00
DoS GoldenEye 1.00 1.00
DoS Hulk 1.00 1.00
DoS SlowHTTPTest 0.61 0.61
DoS Slowloris 1.00 1.00
FTP BruteForce 0.79 0.79
Infilteration 0.29 0.28
SQL Injection 0.81 0.14
SSH Bruteforce 1.00 1.00
Macro Ortalama 0.85 0.77
Dogruluk Oram 0.97 0.97

Yontemlerin performans karsilastirmalari igin F-skor,
precision ve recall degerleri sirastyla Tablo 7, Tablo 8
ve Tablo 9’da verilmistir. Tablo 7°de, Tek Seviyeli
yontem i¢in elde edilen sonuglar incelendiginde,
LGBM ve CNN smniflandirma algoritmalarinin
dogruluk oram1 yiiksek olsa da saldir1 tespiti
basarisinin diigiik oldugu goriilmistiir. Normal trafigi
iyi siniflandiran bu modeller veri kiimesinin normal
trafik agirlikli (veri kiimesinin %83’11) olmasindan
dolay1 yiiksek dogruluk oranina ulagsmistir. CSE-CIC-
IDS 2018 gibi dengesiz veri kiimelerinde F-skor
basarimi daha dogru bir dl¢iim vermektedir. Bunun
yaninda modelin genel performansini vermek icin en
uygun ortalama yontemi ‘macro’ ortalamadir. Macro
ortalama, gozlem sayilarindan bagimsiz, agirliksiz bir
ortalama alma yontemidir. Tim siflarin tespit
basarisinin  esit Onemde oldugu durumlarda
kullanilir. Tablo 8 ve 9 incelendiginde iki seviyeli
hibrit modelin genel olarak precision degerlerini
iyilestirdigi gozlemlenmistir. Recall degerleri tek
seviyeli Rastgele Orman modeli ile en iyi sonucu
vermistir. Ancak precision ve recall metrikleri tek
baslarina degerlendirme icin yeterli metrikler degildir.
Precision, False Negative (Tip 2 hata) degerini, Recall
ise False Negative (Tip 1 hata) degerini dikkate almaz.
Bu yiizden Tablo 7°de degerleri verilen f-skor metrigi
en anlamli 6l¢iim yontemidir. Tablo 7 incelendiginde
iki seviyeli hibrit modellerin genel olarak performansi
arttirdigt ve CNN + Rastgele Orman yonteminin
aralarinda en 1iyi sonucu verdigi goriilmiistiir.
Infilteration saldiris1 denenen 6 yontemin hicbirinde
basari ile tespit edilememistir.
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Tablo 7. Tek Seviyeli ve Iki Seviyeli Yontemlerin F-skor Degerleri Acisindan Karsilastiriimasi

Tek Seviyeli Yontem iki Seviyeli Yontem
Saldin Tiiri Rastgele (LGBM  |(Rastgele Orman (CNN
LGBM Orman CNN + + +
Rastgele Orman)|Rastgele Orman)|Rastgele Orman)
(Fskon (F-skor) (Fskon (F-skor) (F-skor) (F-skor)

Normal 0.99 0.97 0.99 0.99 0.99 0.99
Bot 1.00 1.00 1.00 1.00 1.00 1.00
Brute Force Web 0.04 0.52 0.61 0.73 0.47 0.76
Brute Force XSS 0.10 0.93 0.61 0.92 091 0.92
DDOS HOIC 1.00 1.00 1.00 1.00 1.00 1.00
DDOS LOIC UDP 0.73 0.92 0.82 0.92 0.92 0.92
DDoS LOIC HTTP 0.99 1.00 1.00 1.00 1.00 1.00
DoS GoldenEye 0.97 1.00 0.99 1.00 1.00 1.00
DoS Hulk 1.00 1.00 1.00 1.00 1.00 1.00
DoS SlowHTTPTest 0.61 0.61 0.61 0.61 0.61 0.61
DoS Slowloris 0.82 1.00 0.96 0.99 1.00 1.00
FTP BruteForce 0.79 0.79 0.79 0.79 0.79 0.79
Infilteration 0.25 0.16 0.24 0.30 0.29 0.28
SQL Injection 0.00 0.89 0.39 0.67 0.81 0.59
SSH Bruteforce 1.00 1.00 1.00 1.00 1.00 1.00
Macro Ortalama 0.69 0.85 0.80 0.86 0.85 0.86
Dogruluk Oram 0.97 0.94 0.98 0.98 0.97 0.98
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Tablo 8. Tek Seviyeli ve iki Seviyeli Yontemlerin Precision Degerleri Agisindan Karsilastiriimasi

Tek Seviyeli Yontem iki Seviyeli Yontem
Saldin Tiiri Rastgele (LGBM  |(Rastgele Orman (CNN
LGBM Orman CNN + + +
Rastgele Orman)|Rastgele Orman)|Rastgele Orman)
(Precision) (Precision) (Precision) N B N
(Precision) (Precision) (Precision)

Normal 0.99 0.99 0.99 0.99 0.99 0.99
Bot 1.00 1.00 1.00 1.00 1.00 1.00
Brute Force Web 0.02 0.38 0.65 091 0.38 0.92
Brute Force XSS 0.05 0.94 0.83 0.94 1.00 0.96
DDOS HOIC 0.99 1.00 1.00 1.00 1.00 1.00
DDOS LOIC UDP 0.57 0.88 0.70 0.90 0.89 0.89
DDoS LOIC HTTP 0.98 1.00 1.00 1.00 1.00 1.00
DoS GoldenEye 0.95 1.00 0.99 1.00 1.00 1.00
DoS Hulk 1.00 1.00 1.00 1.00 1.00 1.00
DoS SlowHTTPTest 0.77 0.77 0.75 0.77 0.77 0.77
DoS Slowloris 0.71 1.00 0.93 1.00 1.00 1.00
FTP BruteForce 0.72 0.72 0.71 0.72 0.72 0.72
Infilteration 0.23 0.09 0.21 0.30 0.22 0.30
SQL Injection 0.00 0.94 0.41 0.71 1.00 1.00
SSH Bruteforce 1.00 1.00 1.00 1.00 1.00 1.00
Macro Ortalama 0.67 0.85 0.81 0.88 0.86 0.90
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Tablo 9. Tek Seviyeli ve iki Seviyeli Yontemlerin Recall Degerleri A¢isindan Karsilastirilmasi

Tek Seviyeli Yontem iki Seviyeli Yontem
Saldin Tiiri Rastgele (LGBM  |(Rastgele Orman (CNN
LGBM Orman CNN + + +
Rastgele Orman)|Rastgele Orman)|Rastgele Orman)
(Reeald (Recall) (Reeald (Recall) (Recall) (Recall)

Normal 0.98 0.94 0.99 0.99 0.98 0.99
Bot 1.00 1.00 1.00 1.00 1.00 1.00
Brute Force Web 0.50 0.86 0.57 0.61 0.64 0.65
Brute Force XSS 0.86 0.92 0.48 0.90 0.84 0.88
DDOS HOIC 1.00 1.00 1.00 1.00 1.00 1.00
DDOS LOIC UDP 1.00 0.95 0.98 0.95 0.95 0.95
DDoS LOIC HTTP 1.00 1.00 1.00 1.00 1.00 1.00
DoS GoldenEye 0.99 1.00 1.00 1.00 1.00 1.00
DoS Hulk 1.00 1.00 1.00 1.00 1.00 1.00
DoS SlowHTTPTest 0.51 0.51 0.52 0.51 0.51 0.51
DosS Slowloris 0.98 1.00 1.00 0.99 1.00 1.00
FTP BruteForce 0.89 0.89 0.87 0.89 0.89 0.89
Infilteration 0.28 0.48 0.28 0.29 0.40 0.27
SQL Injection 0.16 0.84 0.37 0.63 0.68 0.42
SSH Bruteforce 1.00 1.00 1.00 1.00 1.00 1.00
Macro Ortalama 0.81 0.89 0.80 0.85 0.86 0.84
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4, ILERIKi CALISMALAR (4DVANCED STUDIES)

Bu calismada CSE-CIC-IDS2018 veri kiimesi
iizerinde saldir1 tespit amacli, tek seviyeli model
kullanilarak yanlis siniflandirma kaynakli diisen
basarimin, iki seviyeli hibrit bir model kullanilarak
arttirilabilecegi 6nerilmistir.

Saldir1 tespit amactyla LGBM, CNN ve Rastgele
Orman yontemleri denenmis olup, ayrica bu
yontemlerin  ikili  simiflandirmasinin  ardindan
uygulanan ¢ok smifli Rastgele Orman modeli ile iki
seviyeli hibrit bir model olusturulmustur. Elde edilen
deneysel sonuclar analiz edildiginde Seviye 1 ve
Seviye 2 icin sirasiyla CNN ve Rastgele Orman
yontemlerinin  birlikte kullamldigi ki  Seviyeli
yontem, 0.86 F-skor macro ortalamasi ile en yiiksek
basarima sahiptir.

Ileriki galismalarda, &zellikle infilteration saldirt
tespitinin bagariminin arttirilmasi amagli, hibrit model
iizerinde farkli makine 6grenmesi ve derin 6grenme
yontemlerinin denenmesi ve es zamanli saldirt tespiti
yapan bir modelin gelistirilmesi planlanmaktadir.
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1. GIRIS anTRODUCTION) Sandvi¢ paneller ile ilgili kapsamli bir calisma
Davies [1] tarafindan yapilmistir. Daniel vd. [2] rijit

Bu calismada konsol kiris titresim ve 3 nokta kopiik c¢ekirdekli sandvi¢ kirislerin temel gogme
egilme testleri ile lifli kompozit yiizlii ve rijit kopiik modlar1 olan batma (indentation), dis yiiz burugmasi
cekirdekli sandvig kiriglerin egilme rijitlikleri (wrinkling) ve cekirdek gdemesi (core failure) igin

belirlenmistir. mevcut analitik ¢ozlimleri deney neticeleri ile
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kiyaslamustirlar. Steeves ve Fleck [3] ve Tagarielli vd.
[4],kompozit kirisler tiizerinde 3 nokta egilme
deneyleri yapmiglar ve elde edilen deneysel
neticelerin sayisal ve analitik neticeler ile uyumlu
oldugunu bildirmislerdir.

Bu calismada alternatif matris malzemelerine
kiyasla sagliga zararmin c¢ok az olmasi ve ayni
zamanda el yatirma ydntemine (takviye malzemesinin
kaliba yatirilmast ve agik kalip iizerine regine
uygulanmasi) uygun olmasi gibi sebeplerden dolayi
matris malzemesi olarak politiretan (PU) regine
kullanilmasina  karar  verilmistir.  Literatiirde
poliiiretan (PU) malzemenin matris malzeme olarak
kullanildig1 az sayida ¢aligma bulunmaktadir. Bu
calismalarin 6nemli bir kismi1 PU’nun dogal lifler ile
takviyesi ile ilgilidir [8]. Rozman vd. [5] imal ettikleri
palmiye lifi takviyeli PU numunelerin ¢ekme
Ozelliklerini belirlemiglerdir. Silva vd. [6] ve El-
Shekeil vd. [7] benzer ¢ekilde dogal lifler ile takviye
edilmis PU matrisli kompozitlerde kirilma toklugu
konusunu incelemislerdir. Seydibeyogullari vd. [8] ise
nano-lif katkinin PU matrisin elastisite modiillinii
%3000 kadar artirdigimni bildirilmislerdir. Husi¢ vd.
[9] ve Reis vd. [9] ise cam elyaf takviyeli PU
kompozitlerin mekanik 6zelliklerinin belirlenmesi
konusunda ¢alismiglardir. Mohamed vd. [11] cam
elyaf takviyeli poliiiretan dis yiizli sandvi¢ yalitim
panelleri iizerinde egilme deneyleri yapmislar ve
enerji tilketim hesaplamalar1 yapmuiglardir.

Bu calismada, kompozit kiris egilme rijitlikleri
konsol kiris titresim ve 3 nokta egilme deneyleri ile
belirlenmistir. Tlgili titresim deneyleri MEMS tipi
denilen dijital bir ivmedlger kullanilarak yapilmustir.
Albarbar [12] bu tip dijital ivmedlgerlerin serbest
titresim frekansi elde etmek icin kullanilabilecegini
gostermistir. Benzer bir ivme 6l¢er Varanis vd. [13],
[14] ve Cagdas ve Aliyev [15] tarafindan titresim
deneylerinde kullanilmistir. Elde edilen deney
neticelerinin mukayese edilebilmesi i¢in
formiilasyonu Hinton ve Owen [16] tarafindan
verilmis kayma deformasyonlu bir izoparametrik kiris
elemani kullanilmis ve Cagdas ve Aliyev [15]
tarafindan da kullanilmis olan bir program yazilmistir.

Son olarak elde edilen deneysel neticeler kayma
deformasyonlu  kiris  elemanlar1  kullanlarak
olusturulmus bir sonlu elemanlar modeli ile
mukayeseli olarak sunulmustur.

2. MATERYAL VE METOD (MATERIAL AND
METHOD)

2.1. Malzeme Ozellikleri (Material Properties)

Secilen ¢ekirdek malzemesi yogunlugu 23.4 kg/m3

olan Wallboard marka bir rijit koplik yalitim
malzemesidir. Bu malzeme i¢in kayma modiilii degeri
Cagdas ve Aliyev [15] tarafindan ASTM C393 [17]
standardina gore yapilmis olan sandvig kiris 3 nokta
egilme testleri ile belirlenmis ve G{¥°=4.3 MPa
oldugu bildirilmistir.
Takviye malzemesi olarak oOzellikleri Sekil 1°de
gosterilen KCR-2(E) kodlu cam elyafi fitil kullanilmis
ve takviye elastisite modiili E=7.2x104 MPa ve
yogunlugu 2.54 gr/cm3 olarak alinmustir, [18].

T?
surfac
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Sekil 1. KCR2(E) kodlu cam elyaf fitil icin tiretici
sirket tarafindan verilmis bilgiler.

(Figure 1. The properties of the glass fiber roving having code
KCR2(E) given by the production company)

Kullanilan Mikrokim marka poliliretan (PU)
reginenin iretici firma tarafindan sunulmus olan
teknik 6zellikleri Cizelge 1’de sunulmustur.

Cizelge 1. Kullanilan ¢ift bilesenli poliiiretan re¢ine

malzemesinin teknik 6zellikleri
(Table 1. The technical properties of the two part polyurethane
resin used)

Sertlik 75-80

Baglayict Madde Poliiiretan regine

Yogunluk Ana malzeme 1.60 gr/cm3 /
sertlestirici 1.22 gr/cm3
6/1 kg agirlikca

Karigim Orani

Uygulama Siiresi ( 23 30 Dakika

°C)de

Katilasma Baglangici 25 °C /+40 °C 1si1sinda 45. dakika
Is1 dayaniklihig 40 °C/+280 °C

Kiir siiresi ( 20 °C) 5-7 saat

Cevreye uyum Cevreye olumsuz etkisi yok
Saghga uygunluk Sagliga zararh degildir

UV dayanimu UV dayaniklidir

2.2. Numune Ozellikleri (Specimen Properties)

Kiris uzunlugu L=700mm, kiris genisligi
b=50mm, ve g¢ekirdek yiiksekligi /4, =50mm olarak
almmustir. E-camu lifler Sekil 2°de gosterildigi sekilde
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kilavuzlar yardimyla rijit kopiik ¢ekirdek iizerine
yerlestirilmis ve tizerlerine PU recine spatula ile
siiriilmiistiir. imal edilen numunelerin agirliklar ve
dis yliz kalinliklari, td, Cizelge 2’de sunulmustur.

Cizelge 2. imal edilen numunelerin dzellikleri.
(Table 2. Properties of the specimens produced)

< td (mm

Numune agirlik(gr) © rtalar(na dlger)
1 323 2.54
321 2.54
3 301 2.36

" «—"y «"é’ S =
e _—

M

=

Sekil 2. Liflerin kilavuzlar yardimiyla yerlestirilmesi
(Figure 2. Placement of the rovings using guides)

Imal edilen biitiin numunelerde esdeger cam elyafi
katman kalinligi, t_*f , degerlerinin esit olmast i¢in her

bir dig yiizde 5 mm aralikli toplam 10 swra fitil
kullanilmistir. PU katkist ihmal edildiginden, lif
hacim orani hesaplanmamustir.

2.3. Titresim deney diizenegi (The vibration test setup)

Konsol kiris titresim deney diizeneginde
ADXL345 marka 3 ecksenli dijital bir ivmedlger
kullanilmis ve numuneler iki metal plaka arasinda
Sekil 3’de gosterildigi sekilde mesnetlenmistir.
Deneyler sirasinda konsol kiris, serbest ucuna metal
bir ¢ekic ile vurularak tahrik edilmis ve Ornekleme
frekans1 912 Hz olacak sekilde toplam 250 ivme-
zaman verisi kaydedilmistir. Elde edilen ham verilerin
FFT analizleri Welch [19] tarafindan gelistirilmis olan
Welch Yontemi kullamlarak yapilmistir. Ornek bir
FFT analiz neticesi Sekil 4’de gosterilmektedir. Sekil
3(a)’da gosterilen zaman-ivme verilerinden Sekil
3(b)’de gosterildigi sekilde temel titresim frekansi
elde edilmistir. Bu c¢alismada incelenen kirislerden
daha kisa ve/veya rijit kiris numuneleri igin 6rnekleme
frekansinin artirilmasi gerekebilecegini not ediniz.

> |
Sekil 3. Konsol kiris titresim deney diizenegi
(Figure 3. Cantilever beam vibration test setup)

acceleration (g)
o +« N ©

0 0.05 0.1 0.15 0.2 0.25 0.3

time (s) ( a)

Power/scaled
s o o
2 5 &
—

o
o

°
o

100 200 300 400 500
frequency (Hz) (b)
Sekil 4. Sandvig kirisin titresim cevabi (a) zaman, ve

(b) frekans tanim alanlarinda
(Figure 4. The vibration behavior of the sandwich beam (a) in
time and (b) in frequency domains)

FFT ile elde edilen soniimlii titresim hali i¢in agisal
frekans, @, , degerleri kullanilarak soniimsiiz titresim

hali i¢in agisal frekans, @, , degerleri elde edilmistir.

w, = (1)

Burada &, az soniimlil sistemlerde soniim oranidir ve

Chopra [20] tarafindan tarif edilmis olan logaritmik
azalma yontemi ile hesaplanmistir.

2.4. 3 nokta egilme deney diizenegi (3 point bending
test setup)

Rijit bir kiris egilme diizenegi, deplasman kontrollii
bir basma-¢cekme deney cihazi (model: Rantek-100)
icine Sekil 5’te gosterildigi sekilde yerlestirilmistir.
100 kN kapasiteli bir yiik hiicresi (model: Puls
Elektronik HT1-W) ve 0.01 mm hassasiyetli bir
potansiyometrik cetvel (model: Opkon-100) veri
toplama sistemine (model: TESTART-Testbox 1001)
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baglanmis ve numuneler ASTM C393 standardi goz
oniinde bulundurularak 3.6 mm/dk hizla yiiklenmistir.
Ayrica, batma hasarini engellemek icin kiris ortasina
100 mm boyunda celik bir plaka yerlestirilmistir.

™ : L kol
Sekil 5. 3 nokta egilme deney diizenegi
(Figure 5. 3 point bending test setup)

2.5. Sonlu Elemanlar Modeli (The Finite Element
Model)

Sandvig kiris titresim analizleri Cagdas ve Aliyev
[15] tarafindan metal yiizlii sandvi¢ kirisler icin
gelistirilmis olan toplam 6 adet 3 dugimli, 1.
mertebeden kayma deformasyonlu izoparametrik kiris
elemani kullanilarak olusturulmus bir sonlu elemanlar
modeli ile yapilmustir. ivmedlger ve bunu kiris ucuna
yapistirmakta kullanilan yapistirict agirligi yaklasik 2
gr olarak Ol¢iilmiis ve modelde kiris serbest ucuna
konsantre kiitle olarak ilave edilerek goz Oniinde
bulundurulmustur. Aymi  model simir sartlari
degistirilerek 3 nokta yiikleme deneyini modellemede
de kullanilmis ve kiris orta noktasinda 100 mm
genislikte diizgiin yayili yiik etki ettigi varsayimi
yapilmistir.

E bt

El = T[?’hcz + (6hc+4 )(t; )2:| ’

GA~bh, G5 . )

3. BULGULAR VE TARTISMA (FINDINGS AND
DISCUSSION)

Imal edilen kompozit sandvi¢ kiris numuneler
iizerinde konsol kirig titresim ve 3 nokta egilme
deneyleri yapilmustir.

3.1. Konsol Kiris Titresim Deneyleri (Cantilever
Beam Vibration Tests)

Numuneler deney diizenegine L=500 mm
uzunlugunda konsol olacak sekilde mesnetlenmis ve
uclarma  ADXL345 marka bir  ivmedlger
yerlestirilerek  serbest titresim frekanslart  elde
edilmistir. Her bir numune i¢in 3 deney yapilmig ve
Olciilen frekans degerleri sonlu elemanlar modeli ile
elde edilmis sayisal neticeler ile beraber Cizelge 3’de
sunulmustur. Cizelge 3’de “SE’ alt indisi sonlu eleman
modeli ile elde edilmis neticelerini gdstermektedir ve
bagil standart sapmalart en diisiik olan ilk 3 deney
neticesinin ortalamasi alinmigtir. Soniimsiiz titresim
frekans1 degerleri, @hdeney , Esitlik 1 kullanilarak
hesaplanmistir. Fark sdyle hesaplanmustir;

@, 5 — O,

|Fark] = |—"2—"%" 1100 3)
@y SE

Cizelge 3’den goriilebilecegi iizere, sonlu

elemanlar modeli ile titresim deneyi neticeleri
uyumludur ve en biiylik fark %4’iin altindadir.

Cizelge 3. L=500 mm uzunluktaki sandvi¢ kompozit
kiris numuneleri i¢in elde edilmis deneysel ve sayisal
neticeler.

Table 3. The numerical and experimental results sandwich
composite beam specimens with L=500 mm)

Bagil Sonii
Num  @jgene  std.sap m w"'f’”"” o,se  |Fark
y (Hz) (%) gr(izl) (ﬁz) Hz) (%)
1 585;60 0000  4.908 58i68 59‘.‘43 1.328
) 58(.)15 0793 4.080 58i20 594.‘61 2.;12
3 59624 0000 5.156 59632 61451 3.59

3.2. 3 Nokta yiikleme deneyleri (3 point bending tests)

Numuneler Sekil 5°te gosterilen deney diizenegine
mesnet orta noktalar: arast mesafe 600 mm olacak
sekilde yerlestirilmis ve kiris ortasindaki 100 mm
genislikteki celik plaka vasitasiyla yiiklenmislerdir.
Elde edilen yiik-deplasman egrileri Sekil 6’da
gosterilmektedir. Cizelge 4’ten goriilebilecegi iizere,
Egilme rijitlikleri yiik-deplasman egrisinin dogrusal
kisminin egiminden elde edilmistir ve hata orani sonlu
elemanlar modeli kullanilarak hesaplanmigtir.
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Sekil 6. 3 nokta egilme deneyleri igin ylik-deplasman
egrileri.

(Figure 6. Load-displacement curves for the 3 point bending tests)

Sekil 7. D1s yliz burusmasi sebebiyle gdcmiis
numune. (Figure 7. Specimen failure due to due to wrinkling)

Cizelge 4. Kompozit sandvig kirisler i¢in 3 nokta

egilme deney neticeleri, L=600 mm.
(Table 4. 3 point bending test results for composite sandwich
beams with L=600 mm.)

. . Egilme rijitligi
Numune Gogme sebebi Nideney (N) icin fark (%)
1 Dis yiiz burugmasi 562.566 4.577
2 Cekirdek kesilmesi ~ 572.672 11.417
3* Dis yiiz burugmasi 353.709 -9.580
Numunelerin ~ go¢gme  yiikleri ve  egilme

rijitliklerinde sayisal modelden sapmalar Cizelge 4’de
sunulmustur. Buna gore, ¢ekirdek kesilmesi ile gdgen
2. numune disindaki numuneler beklenildigi lizere dis
yiiz burugmasina bagli olarak gdgmiislerdir; bkz. Sekil
7. PU matris malzemesi ile ilgili temel problemin
PU’nun kiir almasi sirasinda agiga ¢ikan CO, gazinina
bagli olarak gozenekli bir yapi olusmasi oldugu
diistintilmektedir; bkz. Sekil 8. Bu durum g6z 6niinde
bulundurularak, ileride yapilacak caligmalarda PU
regine karigimi yapilmadan dnce ve dokiim 6ncesinde
vakum uygulanmasi planlanmaktadir.

Sekil 8. Poliiiretan matriste olusan bogluklari

gosteren fotograf.
(Figure 8. Photograph showing the voids in the polyurethane
matrix)

4. SONUCLAR (RESULTS)

Bu ¢alisma neticesinde agsagida maddeler halinde
ozetlenmis neticeler elde edilmistir.

i. Sonlu elemanlar modeli ile titresim deneyi neticeleri
arasinda, 6zellikle L=550 mm i¢in %4 ’den az bir fark
oldugu gozlemlenmistir. Elde edilen deney neticeleri,
tahribatsiz bir yontem olan konsol kiris titresim
deneyinin kompozit sandvi¢ kiris egilme rijitligini
belirlemek maksadiyla kullanilabilecegini
gostermektedir.

ii. Sayisal model ile 3 nokta egilme deneyinden elde
edilmis olan orta nokta deplasmanlar1 arasindaki
saglayan esas kompozit bileseni olan cam elyafinin
tasarlandigt sekilde rijitlige katkida bulundugu
gostermektedir. 1 ve 2 numarali numuneler
beklenenden sirasiyla yaklasik %5 ve %11 daha
yiikksek egilme rijitligi gostermistir. 3 numarall
numunenin ise, dis yliz ve ¢ekirdek kopiikdeki
kusurlardan dolayi, beklenenden yaklasik % 10 kadar
Bunun sebebinin numunelerdeki kusurlar oldugu
diistiniilmektedir.

iii. Elde edilen bu neticeler 1s1ginda, poliiiretan
recinenin yiiksek rijitlik gerektiren uygulamalarda
alternatif bir matris malzemesi olarak tercih
edilebilecegi diisiiniilmektedir. Ancak, PU reginesinin
gozenekli yapisi sebebiyle yiiksek dayanim gerektiren
uygulamalar i¢in uygun olamayacagini not ediniz.
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Aydimlatma teknolojileri gelistikce daha verimli aydinlatma aygitlari gelistirilmistir. Mevcut
durumda kullanilan geleneksel aydinlatma sistemlerinin yeni teknolojilerle degistirilmesiyle enerji
tasarrufu saglanacagi agiktir. Bu kapsamda iilkemizde sokak aydinlatmalarinda uzun yillar
boyunca kullanilan geleneksel aydinlatma armatiirlerinin LED aydinlatma armatiirleriyle
doniisiimii planlanmaktadir. LED aydimlatma sistemleri, geleneksel aydinlatmalara gore daha
verimli ve daha uzun Omiirliidiir. Bu sayede ciddi bir tasarruf saglayacag: sdylenebilir. LED
teknolojisi giin gectik¢e ucuzlasa da milyonlarca sokak lambasinin LED doniisimii i¢in hala
biiyiik bir harcama yapilmasi gerekmektedir. Bu g¢alisma kapsaminda {ilkemizde yapilmasi
planlanan sokak aydinlatmas: déniisiimiiniin 5 yillik fayda maliyet analizi ger¢eklestirilmistir.
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As lighting technologies have evolved, more efficient lighting devices have been developed. It is
clear that energy saving can be achieved by replacing the currently used traditional lighting
systems with new technologies. It is planned to transform traditional lighting fixtures used in street
lighting for many years with LED lighting fixtures in our country. LED lighting systems are more
efficient and last longer than traditional lighting. In this way, it can be said that it will provide
significant savings. Even though LED technology is getting cheaper every day, there is still a huge
expense for the LED conversion of millions of street lamps. Within the scope of this study, a 5-
year cost-benefit analysis of the street lighting transformation planned to be performed in our
country was performed.
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1. GIRIS anTrODUCTION)

Insanoglu, aydimlatma ihtiyacin1 binlerce yildir
farki yollarla karsilamaktadir. Giines 15181, ates, mum
ve akkor filaman lambalar gibi 151811 dogal yolla elde
edilmesinin sonrasinda floresan ve LED teknolojisine
gecis yapilmistir. Yeni gelen her teknoloji bir dnceki
teknolojiyle kiyaslandiginda pek c¢ok avantaja
sahiptir. Her yeni teknolojide One ¢ikan ve bu
teknolojilerin  kolayca benimsenmesini saglayan
ozellik ise 151k verimidir. Diger bir deyisle, 151k
kaynaklarmin birim 15181 iiretmek i¢in harcadigi enerji
miktar1 yeni teknolojiler yardimiyla giin gectikce
azalmaktadir.

Istk verimi, bir aydinlatma elemaninin elektrik
giiclinii 1s18a ne kadar verimle doniistlirdiigiini
belirtir. Isik akisinin giice orani, watt bagina liimen
cinsinden ifade edilir ve Im/W seklinde sembolize
edilir. Isik verimi (151k etkinligi), belirli bir miktar giic
ile elde edilen aydinlatma giiciinii ifade eder. Bir 151k
kaynagi, bir watt gii¢ harcayarak kac¢ limen 151k ¢iktis1
sunuyorsa bu 1s1k verimidir.

Diinyadaki gidisat diger teknolojilerde oldugu gibi
aydinlatma armatiirlerinde de daha verimli, daha uzun
omiirlii, bakim gerektirmeyen, zararli maddeler
icermeyen, gelisen ve degisen teknolojiye uyumlu ve
yonetilebilen LED aydinlatma sistemlerine dogru
gitmektedir [1].

Glinlimiizde, tiim diinyada i¢ ve dig mekan
aydinlatmalarinda LED teknolojisine doniigiim siireci
yasanmaktadir. Bu doniisiimiin  ivmelenmesinde
teknolojik  gelismelere bagli iki ana etken
bulunmaktadir. Birincisi, 151k veriminin gii¢ gectikce
artmasi, ikincisi ise {irlin fiyatlarinin diismesidir.

LED doniigiimiiniin uygulandig1 alanlardan bir
tanesi de sokak aydinlatmalar1 ya da diger bir deyisle
yol aydinlatmalaridir. Diinyanin dort bir yaninda
hiikiimetler, belediyeler ve elektrik sirketleri enerji
tilketimini ve buna bagli giderlerini azaltmak igin
sokak aydinlatmalarinda LED teknolojisine gegis
yapmaktadir.

Ulkemizde sokak aydinlatmalarindaki LED
dontigimii 2018 yilinda agiklanan Ulusal Enerji
Verimliligi Eylem Plani'na dahil edilmistir. Bu plan
dahilinde Tiirkiye'deki 7,5 milyon sokak lambasinin
yiizde 30'unun (2,25 milyon sokak lambasi) 2023
yilina kadar degistirilmesi planlanmaktadir [2].

Sokak aydinlatmalar1 doniisiimiine iliskin iki farkli
goriis bulunmaktadir. Birincisi, sokak

aydinlatmalarinda mevcut durumda kullanilan yiiksek
basingli sodyum buharli (YBSB) lambalarin hala ¢ok
verimli ve uzun dmiirlii oldugu bu sebeple doniigiimiin
mantikli bir yatirim olmadig1 yoniindedir. Diger bir
goriis ise LED aydinlatma teknolojilerinin daha
yiiksek verim ve daha uzun 6miir sunarak kendini kisa
stirede amorti edecegi seklindedir.

Resim 1. Ankara’da bir yol aydinlatma uygulamast (4
road lighting application in Ankara)

Sokak aydinlatmalarinda yapilacak yenileme bir
kamu yatirrmidir ve kamu yatirimlar1 halkin faydasi
i¢in yapilmalidir. Bu calismada sokak
aydinlatmalarinda  yapilmasit  planlanan  LED
doniistimiiniin fayda maliyet analizi gerceklestirilerek
yapilan yatirimin saglanacak fayda ile karsilagtirmasi
yapilacaktir.

2. LITERATUR ARASTIRMASI (LITERATURE
RESEARCH)

Hem i¢c hem de dig aydinlatmada enerji
tasarrufunun en etkin yolu ihtiya¢c duyulmayan 11k
kaynaklariin kapatilmasidir. 1980’lerde Japonya’da
yollarin aydinlatma kontrolii konsepti
olusturulmustur. Fakat teknik imkanlarin
yetersizliginden dolay: gergeklestirilememistir. LED
teknolojisi bu  konseptin  gelistirilmesini  ve
uygulanmasini saglamistir [3].

Yol giivenligi icin yapilan ergonomik arastirmalar,
daha fazla giivenlik ve konforlu yol aydinlatma
secenekleri dnemli hale gelmistir [4].

YBSB lambalar 1968°den beri yol
aydinlatmalarinda kullanilmustir. Yol
aydinlatmalarinda YBSB yerine giincel aydinlatma
verimliligine sahip LED’ler kullanildiginda ne kadar
enerji tasarrufu elde edilecegiyle ilgili 2009 yilinda
Cin’de yapilan bir ¢aligma ile giliniin sartlarina gore
boyle bir degisimin ¢ok gerekli olmadigi sonucuna
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ulasilmistir. Bu ¢alismada YBSB ve LED lambalarin
verimlilikleri karsilastirilmustir. Yol
aydinlatmalarinda kullanilan YBSB lambalarin
armatiir verimliligi 70.1 1m/W ve LED lambalarin
72.9 Im/W olarak belirlenmistir. Yakin gelecekte
LED’lerin ilk maliyet, kullanim omrii, sicaklik ve
aydinlatma verimliliklerinde yapilacak gelistirmelerle
en tasarruflu 151k kaynagi olacag: belirtilmistir [5].

LED armatiirlerde 151k dogrudan  asagi
yonlendirilebilirken YBSB armatiirleri igerisinde
yansimalardan dolayr kayiplar olmakta ve 151k
verimsiz kullanilmaktadir. Cogu insan ay 1s18ina
benzedigi icin dig mekan aydinlatma uygulamalarinda
beyaz 15181 tercih ettigi goriilmiistir. YBSB
lambalarin 1s1klart sarimsi yani diigiik renk sicakligina
sahipken LED lambalar yiiksek renk sicakliklarinda
daha verimli bir sekilde calisabildigi belirlenmistir
[61[7].

ABD’de bazi Dbolgelerde yapilan HID-LED
doniistimlerinin maliyet, iiriin omriiyle ilgili bazi
ornekler verilmistir. 2012’de Minnesota’da HID
lambalarin 21.000 saat, LED lambalarin 78.000 saat
calisma Omiirleri baz alinarak yilda 3.550 saat
calismaya karsilik 8-12 yil araliginda LED’e yapilan
yatirrmin geri &denecegi hesaplanmistir. 2013’te
Phoenix’te  95.000 HID armatiirin  LED’e
donitisiimiiyle ilgili yapilan caligmada 1 milyon $
yatirimin 9 yillik basit geri 6deme siiresi ve 10 yil ve
tizeri siire zarfinda ise 5 milyon $ yillik getiri
saglayacagi hesaplanmistir. 2016 yilinda Charlotte
Country’de 2145 noktada yapilacak YBSB-LED
doniisiimiiniin maliyet analizinde 20 yillik siire
boyunca maliyetlerin yakin oldugu ancak diisen LED
maliyetleriyle LED doéniigiimiiniin daha ekonomik bir
secenek olacagi sonucuna varilmigtir [8].

Korfez Arap Ulkeleri Isbirligi Konseyi (KiK)’nin
ulasim yollarinda kullanilan giinliik ¢aligma siiresi 11
saat olarak belirlenen, 1131 adet gii¢ tilketimi 400W
ve kullanim émrii 18.000 saat olan YBSB aydinlatma
armatiirlerinin yerine yine ayni sayida gii¢ tiiketimi
100W ve kullanim o6mrii 80.000 saat olan LED
armatiirleri  kullanildiginda  2015-2016  yillart
arasindaki fiyat tekliflerine gore 20 yillik maliyet
analizi yapilmigtir. Bu ¢alisma sonucunda yapilan
doniisiimiin  sirkete ve dogaya yararlari hesaba
katilarak yillik ortalama tasarrufun YBSB-LED
doniistimiiyle olusan toplam gii¢ tiiketimine orani
433,36$/kW ve sirketin 20 yil sonunda yaptigi tasarruf
$4.492.317.72 olarak bulunmustur [9].

Yunanistan’in kuzeyinde 670 km’lik bir mesafeyi
kapsayan Egnatia Odos bdlgesinde, sokak

aydinlatmalarinda kullanilan YBSB aydinlatma
armatiirlerinin, LED aydinlatmaya doniisiimiiyle
birlikte elde edilen enerji tasarrufu ve LED
teknolojisinin ~ gelismesinin ~ daha  yakindan
incelenmesi amaciyla 2017 ve 2019 yillarinda
kullanilan LED armatiirlerle adaptif ve normal
calisma kosullarinda karsilagtirmalart
gerceklestirilmistir. Calisma sonucunda 2019 yilinda
LED teknolojisindeki gelismelerle 2017 yilina gore
adaptif ve normal kullanima bagli olarak enerji
tasarrufunda %13,57-%27,93 araliginda verim artig1
saglanmustir [10].

3. YOL AYDINLATMA SINIFLARI (ro4AD
LIGHTING CLASSES)

Yol aydinlatmalarinin, aydinlatma smiflarinin
belirlendigi EN 13201-1, performans o6zelliklerini
iceren EN 13201-2, performans hesaplamalarin
iceren EN 13201-3 ve aydinlatma performansini
O0lgme metotlarim1 iceren EN 13201-4 standart
ozelliklerini saglamas1 gerekmektedir.

Uluslararast  Aydinlatma  Komisyonu CIE
tarafindan yayinlanan CIE 115:2010 teknik raporunda
giic tiilketiminin Onemi, aydinlatma armatiirlerinin
parlaklik performansmmin  gelistirilmesi, trafikte
kargilasma  bolgelerinde  parlaklik  seviyesinin
degisimi, teknoloji gelisiminin 6nemi gibi konulara
deginilmistir. Bu rapora gore yol aydinlatmasi
smiflandirmast yapilirken motorlu araglar M sinifi,
trafikte kargilagsma bolgeleri C sinifi ve yayalar ile
diisiik hizli trafik bolgeleri P sinifi olarak kategorize
edilmistir. CIE 115:2010’a gére M yol aydinlatmasi
smifinin se¢imi i¢in asagidaki Tablo 1’de verilen
parametreler kullanilmistir.
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Tablo 1. Yol aydinlatma smifi secim parametreleri
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(Road lighting class selection parameters) [11]

Agirhk
Parametre Secenek Degeri
(Vw)
Cok Yiiksek 1
Hiz Yiiksek 0.5
Orta 0
Cok Yiiksek 1
Yiiksek 0.5
Trafik
yogunlugu Ol_‘,ta,_ 0
Diisiik -0.5
Cok Diigiik -1
Yiiksek oranda
motorlu ara¢ olmayan | 2
Trafik dagilim trafikle karigik
Karigik 1
Sadece motorlu arag 0
Yolda refiij Hayir 1
ayrimi var mi? Evet 0
Kavsak Yiiksek 1
yogunlugu Orta 0
Park etmis arag Var 0.5
var m1? Yok 0
Yiiksek 1
Cevre Orta 0
aydinlatmasi —
Diistik -1
Gorsel Zayif 0.5
ijﬁ:;zlgraﬁk Orta veya lyi 0

Tablo 1’de verilen parametrelere gore agirlik
degerleri toplanir ve Denklem 1 kullanilir. Eger deger
tam say1 degilse bir asagidaki sayiya yuvarlanarak
Tablo 2°de belirtilen M aydinlatma sinifi belirlenir.

Mx =6—-"Vx (1)

Tablo 2. Degisik yol aydinlatma smiflarinda
saglanmasi gereken yol aydinlatmas kriterleri (Road

Lighting criteria for different road lighting classes) [12]
TI
Ayds‘l’:l;‘,ltma L; Uo2 | Ui> | (%) | SR2
<
Ml 2.0 0.4 0.7 10 0.5
M2 1.5 0.4 0.7 10 0.5
M3 1.0 0.4 0.5 10 0.5
M4 0.75 0.4 0.5 15 0.5
MS5 0.5 0.35 0.4 15 0.5
M6 0.3 0.35 0.4 15 -

Tablo 2’de yer
aciklanmustir;

alan kisaltmalar asagida

Lo : Yolun ortalama pariltis1 (cd/m? )

U, : Ortalama parilti diizglinlik degeri
(Uo:Lmin/ Lort)
Ui : Boyuna panltt dizginlik degeri

(Ulszin/ Lmaks)

TI : Bagil esik artist (TI={ALk-ALc}/AL.)

SR: Cevreleme orani (Yolun enine sinirlart goz
oniine alinarak yolun disindaki aydinlik diizeyinin
yolun i¢indeki aydinlik diizeyine oranidir.)

Tablo 3. Yollarin aydinlatma siniflariin belirlenmesi
(Determination of lighting classes of roads) [12]

Yolun tanim Ayd.
Sinifi
Sehir baglanti ve cevre yollan (tek veya iki
yonlii, kavsaklar ve baglanti noktalan ile
sehir gecisleri dahil)
-Hiz>90 km/h ; Ml
-Hiz <90 km/h ; M2
Sehir ici ana giizergahlar (bulvarlar ve
caddeler ; ring yollar1 ; dagitic1 yollar)
- 50 km/h < Hiz < 90 km/h ; 3 km’ den kisa
araliklarla kavsak, yonca ayrimi var ; Ml
- 50 km/h < Hiz < 90 km/h ; 3 km’ den kisa
araliklarla kavsak, yonca ayrimi yok; M2
- Hiz < 50 km/h; M3
Sehir ici yollar (yerlesim alanlarina giris
cikisin yapildigi ana yollar ve baglanti
yollarr)
- Hiz > 50 km/h ; 3 km’ den kisa araliklarla
kavsak, yonca ayrimi var ; M3
- Hiz > 50 km/h ; 3 km’ den kisa araliklarla
kavsak, yonca ayrimi yok ; M4
- Hiz < 50 km/h ; 3 km’ den kisa araliklarla
kavsak, yonca ayrimi var ; M4
- Hiz < 50 km/h ; 3 km’ den kisa araliklarla
kavsak, yonca ayrimi yok ; M5
Yerlesim (ikametgah) bolgelerindeki yollar
- 30 < Hiz < 50 km/h ; sug¢ orani yiiksek;
- 30 < Hiz < 50 km/h ; sug orani normal; M4
- Hiz < 30 km/h ; sug orant yiiksek; M5
- Hiz < 30 km/h; sug orani normal; M5
M6

Tablo 3’te Tiirkiye sehir i¢i yol tanimlar1 ve bu
tanimlara uygun aydinlatma siniflar1 verilmistir.

IEC 60598-1 standardina goére M ve C sifi
yollara ait armatiirler IP65 veya daha yiiksek
korumaya, P sinifi yollara ait armatiirler ise IP55 veya
daha ytiksek korumaya sahip olmalidir.
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EN 13201-2’ye gore yol aydinlatmasi parilti
diizeyine gore yol ylizeyinin kuru oldugu durumlar
icin alt1 siniftan olugsan “ME” ve yol yiizeyinin nemli
veya 1slak oldugu durumlarda “MEW” olarak
simiflandirilmistir. ME6 yaya yolu, bisiklet yolu veya
emniyet seridi gibi anayolun bitisigindeki bir seridin
asgari parlakligini kontrol eder.

ME siniflar1 bélgelerde parlaklik 0.3-2 cd/m?
araliginda degismektedir. Aydmlik diizeylerine gore
GLCE”’ ,’S’7 Ve ‘6A7” GLES”’ GLEV” Olarak
siniflandirilmaktadir.

CE smuflar1 aligveris alanlar1 gibi karmagik
kavsaklarda, trafik ara¢ kuyruklarinin fazla oldugu
yerlerde ayrica yayalar ve bisikletliler ile de ilgilidir.
Yoldaki gereksinimlere gore 7.5-50 lux araliginda
yatay diizlem aydinlatmalartyla siniflandirilmistir.

S ve A smniflart yaya yollari, bisiklet yollari,
emniyet seritleri gibi alanlara iliskindir. S siniflar1 2-
15 lux yatay diizlem aydinligini belirtirken, A siniflari
1-5 lux yari kiiresel aydinlik diizeyini belirtmektedir.

ES sinifi, su¢ ihtimalinin normalden fazla oldugu
yollarda nesnelerin ve insanlarin goriinmesi igin
gerekli ek siniflardandir. Yari silindirik aydinlik
diizeyi siniflar1 0.5-10 lux araligindadir.

EV simifi, yol {izerinde gise gibi gecis
bolgelerinde, kavsak alanlarinda goriilmesi gereken
dikey yiizeyler igin gerekli ek smiftir. Dikey
diizlemsel aydinlik diizeyi smiflari 0.5-50 lux
araligindadir.

Tablo 4. Aydmlatma simiflarinin  karsilastiriimasi
(Comparison of lighting classes) [13]

ME CE S
S | Parlakhk( | Stm | Aydinl | Sim | Aydinl
flar cd/m?) flar | 1k(Ix) | flar | 1k(Ix)
- - CE0 | 50 - -
11\/1E 2.0 CEl | 30 - -
12\/[E 1.5 CE2 | 20 - -
13\/[E 1.0 CE3 | 15 S1 15
Z/IE 0.75 CE4 | 10 S2 10
15\/[E 0.5 CES | 7.5 S3 7.5
ME 0.3 - - S4 5.0
6
- - - - S5 3.0
- - - - S6 2.0
Tablo 4’te farkli aydinlatma siniflarinin

parametrelerine gore karsilastirilmasi verilmistir.

4. AYDINLATMA ARMATURLERI (LIGHTING
FIXTURES)

Ulkemizde sokak aydinlatmalar1 igin mevcut
durumda igerisinde yiiksek basingli sodyum buharli
(YBSB) lambalar bulunan geleneksel aydinlatma
armatiirleri kullanilmaktadir.

Yiiksek basingli sodyum buharli lambalar yiiksek
151k verimine sahip olsa da lamba bir aydinlatma aygiti
icerisinde dahil edildiginde 151k verimine etki eden
bazi kayiplar ortaya ¢ikmaktadir. Bunlardan birincisi
balast kaybi olarak bilinen lambay1 c¢alistirmak igin
kullanilan atesleyici igerisinde harcanan enerjidir. Bir
digeri ise armatiir govdesi icerisindeki yansitic
ylizeylerde olusan 151k kaybidir.

Ornegin; 150W giicte calisan yiiksek basingh
sodyum buharli lamba 15.000 liimen 151k iirettiginde
bu 100 Im/W 151k verimi anlamina gelir ancak harici
atesleyici gii¢ tiiketimini arttirir ve 1518m bir kismi
lambanin igerisine yerlestirildigi armatiir igerisinde
kaybolur. Bu da armatiir geneli diisiiniildiigiinde 151k
veriminin daha diisiik olmasina sebep olur.
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Resim 2. Yiiksek basingli sodyum buharli geleneksel
aydinlatma armatiirii (High pressure sodium vapor lighting
fixture)

LED aydinlatma armatiirlerinde ise, 151k kaynagi
ve LED siiriicii armatiir gévdesi igerisine gomiiliidiir.
LED teknolojisiyle donatilmis aydinlatma

armatiirlerinde 151k ¢iktis1 sistem olarak 6lgiiliir ve
kayiplar bu 6l¢iime dahil edilmistir.

Resim 3. LED sokak aydinlatma armatiirii (LED street
lighting fixture)

Sokak aydinlatmalarinda  kullanilan  farkli
iireticilere ait yiiksek basingli sodyum buharli
aydinlatma  armatiirleri ve LED aydinlatma
armatiirlerinin gili¢ tiikketimleri, 151k ¢iktisi, etkinlik
faktorii ve ekonomik 6mrii Tablo 5’te yer almaktadir.

Tablo 5. Farkli dreticilere ait aydinlatma
armatiirlerinin performans degerleri (Performance values
of lighting fixtures from different manufacturers)

Isik Etkinlik | Ekonomik
Akisi Faktorii | Omrii
(Im) (Im/W) (Saat)

YBSB 1 168 10505 | 63

Isik Giic
Kaynag | (W)

YBSB 2 175 12530 | 72 20.000
YBSB 3 169 11824 | 66

LED 1 100 13000 | 130

LED 2 100 12300 | 123 50.000
LED 3 100 12100 | 121

Yukaridaki tabloda goriildiigii {izere farkli
ireticilere ait 100W gii¢ tiiketimine sahip LED
armatiirler, 168-175W gii¢ tiikketimine sahip YBSB
aydinlatma armatiirleri ile benzer 151k ¢iktis
sunmaktadir. Bu durum birebir degisim senaryosunda

ayn1 aydinlatma kosullarinin saglanmasi i¢in 68-75W
daha az enerji harcanacagi anlamina gelmektedir.

LED aydinlatma armatiirlerinin bir diger avantaji
da daha uzun ekonomik Oomre sahip olmasidir. Isik
kaynaklarinda 151k akisi, kullanimdan kaynakli yiizde
30 azaldiginda ekonomik dmriinii tamamladig1 kabul
edilir. YBSB lambalarda bu siire 20.000 saat iken
LED 151k kaynaklarinda 50.000 saat ve iizerinde
degerler elde edilebilmektedir.

LED aydinlatma doniisiimiinde enerji tasarrufu
saglanir. Buna ek olarak LED’ler daha uzun omiirli
oldugundan lamba ve onarim maliyetlerinde de
tasarruf  saglanir.  Bunlar LED  aydinlatma
doniistimiiniin ~ baslica faydalaridir.  Caligmanin
sonraki kisminda sokak aydinlatmalarinda LED
doniistimiiniin fayda maliyet analizi
gerceklestirilecektir.

5. FAYDA MALIYET ANALIZI (cosT BENEFIT
ANALYSIS)

Caligmanin bu kisminda, Tiirkiye’de 2023 yilina
kadar gerceklestirilmesi planlanan 2.25 milyon sokak
lambasinin LED ile doniisiimiiniin 5 yil i¢in fayda
maliyet analizi gerceklestirilecektir.

Fayda maliyet analiz i¢in yatirimdan elde edilecek
fayda ve tasarruflar ile projenin gergeklestirilmesi i¢in
yapilacak yatirim ayr1 ayr1 nakit akis diyagramlarinda
gosterilmelidir.

Yapilacak analiz sonrasinda fayda maliyet orani
I'den kiigiikse projenin yapimi reddedilir. Fayda
maliyet orant 1'den biiyiikse yatirimin
gerceklestirilmesi uygun oldugu sonucuna varilir.

Mevcut sokak aydmlatmalarmin LED aydinlatma
doniistimiinde toplam maliyet iiriin bedeli ve montaj
maliyetinin toplamindan olugur. Farkli tireticilere ait 5
yil garanti ile sunulan 100W gii¢ tiiketimine sahip
LED sokak armatiirlerinin fiyatlar1 asagidaki tabloda
gosterilmistir.

Tablo 6. Farkli tireticilere ait LED sokak armatiirii
fiyatlar1 (LED street light prices from different manufacturers)

Uriin Ad1 Uriin Fiyati (b)

100W LED Sokak Armatiirii 1 490

100W LED Sokak Armatiirii 2 545

100W LED Sokak Armatiirii 3 520
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Hesaplamalarda yukaridaki tabloda gosterilen
farkli dreticilere ait aydinlatma armatiirlerinin
ortalama maliyeti olan 518 TL baz alinacaktir. Montaj
maliyeti ise armatiir basma 30 TL olarak
hesaplanacaktir.

Isletme giderleri ise aydinlatma elemanindan
kaynakli enerji tiiketimi, lamba arizalarindan kaynakli
lamba bedeli ve onarim maliyetinden olugur.

Tablo 7. YBSB ve LED aydinlatma armatiirlerinin
gic tiketimi karsilagtirmasi
comparison of MIS and LED lighting fixtures)

(Power  consumption

e Esdeger
Ammatir | VED | G
Gii Armatiir Tasarrufu Tasarruf
. § . Giic Miktan Yiizdesi
Tiiketimi .
W) Tiiketimi W)
W
168 100 68 %40,48
175 100 75 %42,86
169 100 69 %40,83

Calismaya konu 3 farkli iireticiye ait YBSB
lambali aydinlatma armatiirlerinin esdegeri LED
aydinlatma armatiirleri ile gii¢ tiiketimi karsilastirmasi
Tablo 7°de verilmistir. Isik kaynagi olarak LED
teknolojisinden yararlanan LED armatiirler aym
miktarda 15181 liretmek i¢in geleneksel armatiirler olan
YBSB’li armatiirlere gore yiizde 40-42 oraninda daha
az enerji harcamaktadir.

TEDAS (Tirkiye Elektrik Dagitim Anonim
Sirketi) tarafindan yayimlanan "Aydinlatma Mobil
Takip Uygulamasi" ile sokak lambalarinin arizalar
takip edilebilmektedir. TEDAS'!n verilerine gore
2019'un ilk 6 ayinda 166 bin lamba onarilmstir [14].
Bu da her yil en az 332 bin lamba ve onarim
maliyetinin ortaya ¢iktigini gostermektedir.

Tiirkiye’de yaklasik 7,5 milyon sokak lambasi
oldugu bilinmektedir. 6 ay igerisinde 166 bin lamba
onarildig1 i¢in yillik hata oram yiizde 4,43 olarak
hesaplanabilir. 2.25 milyon sokak lambasinin LED
dontigiimiinin ~ fayda  maliyeti  hesaplanmasi
istendiginden bu armatiirlerde her yil yiizde 4,43
oranla ortaya ¢ikan lamba bedeli ve onarim maliyeti
saglanacak fayda boliimiinde yer almalidir.

Mevcut durumda kullanilan 168W-175W  gii¢
tiketimine sahip sodyum buharli armatiirler yerine
100W LED armatiirler kullanildiginda yaklasik olarak
ylizde 40 diger bir deyisle 70 W daha az giic
harcanacaktir. Bu da 2,25 milyon sokak armatiirii i¢in
toplamda 157,5 MWh az enerji harcanmasi demektir.
Ayda 30 giin ve giinliik ortama 10 saat kullanimda
ortaya cikacak yillik tasarruf miktar1 Tablo 8’de
gosterilmigtir.

Sodyum buharli armatiirlerde lamba bedeli
yaklasik olarak 23 TL’dir. Iscilik ve ariza bolgesine
ulasimi1 kapsayan onarim maliyeti ise yaklasik olarak
30 TL’dir. Bu maliyetler toplam armatiir sayist ve hata
orantyla c¢arpilarak Tablo 8’deki wveriler elde
edilmistir.

Tiirkiye Cumhuriyet Merkez Bankasi (TCMB)'nin
2020 ve 2021 yillart i¢in enflasyon hedefi yiizde 5'tir.
Enflasyon hedefleri 3'er yillik donemler halinde
belirtildiginden 2022, 2023 willart igin  bir
degerlendirme heniiz yapilmamistir. Bu sebeple
dordiincli ve besinci yillar i¢in de enflasyon oram
yiizde 5 olarak hesaplanacaktir.

Tablo 8. Enerji tiiketimi, lamba bedeli ve onarim
maliyetinden kaynakli tasarruf miktart (Savings from
energy consumption, lamp costs and repair costs)

Tasarruf Miktar (b)
Fayda
1.Yil | 2.Y1l 3.Yil 4.Y1l 5.Y1l
) 306.1 | 321.4 3544 | 372.1
?,‘Erjtlimi 80.00 | 89.00 §3475'36 41.62 | 63.70
ke 0 0 : 3 4
Lamba | 2292 | 2.407. | 2.527. | 2.653. | 2.786
Bedeli 525 | 151 | 509 884 | 578
Onarm | 2.990 | 3.139. | 3.296. | 3.461. | 3.634
Maliyeti | 250 | 763 | 751 588 | .668
3114 [ 3270 | o [ 3605 | 3785
Toplam | 6277 | 3591 | 27" | 57.09 | 8495
5 4 : 5 0

343.387.710 b 378.584.950 b
327.035.914 % 360.557.095 b

311.462.775 b

4 Onarim

Tasarrufu

Lamba

A Tasarrufu
Enerji
Tasarrufu

lo 1 2 3 4 5
I I I I I

Sekil 1. Faydanin nakit akis diyagrami (Cash flow
diagram of benefit)
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Sokak aydinlatmalarinda  yapilacak LED
doniistimiinde ortaya g¢ikacak maliyet iiriin bedeli,
montaj maliyeti ve onarim maliyetidir. LED’ler uzun
omiirli 151k kaynaklaridir, herhangi bir bakim ya da
onarima ihtiyag duymaz. Ureticiler de LED sokak
armatiirleri i¢in 5 yil garanti sunabilir. Ancak LED
sokak armatiirleri kullanildiklar: siirece bazi arizalar
ortaya cikabilir.

Kanada Ulastirma Daimi Komitesi tarafindan
yaymlanan raporda 2014 yilinda baslatilan 43.000
sokak armatiiriinin LED  doniistimiiyle ilgili
degerlendirmeler yapilmistir. Raporda, LED sokak
armatiirlerinin yillik hata oraninin yiizde 1 ile yiizde 2
arasinda oldugu belirtilmistir. Arizalarin ¢ogunun
LED 1sik kaynagi yerine bu kaynagi besleyen
elektronik kontrol modiiliinden (stirticii)
kaynaklandig: tespit edilmistir [15].

Ariza durumunda yeni siiriicli devresi veya iiriin
degisimi icin yeni Uriin iretici tarafindan garanti
kapsaminda saglanacaktir. Ancak yine de mevcut
sokak armatiiriiniin veya armatiir igerisindeki
stiriiciiniin degisimi i¢in bir onarim maliyeti ortaya
cikacaktir. Yillik ylizde 2 hata oranma gdre ortaya
cikacak bu maliyet de maliyet tablosu ve akis
diyagramina eklenmelidir.

Tablo 9. Uriin bedeli ve montaj maliyeti (Product cost and
installation cost)

Maliyet Toplam Maliyeti (b)

Uriin Bedeli 1.165.500.000

Montaj Maliyeti 67.500.000

Tablo 10. Arizalardan kaynakl ortaya ¢ikacak yillik onarim
maliyeti (Annual repair costs due to malfunctions)

Mali Toplam Maliyeti (b)

YO L iva |2y |3yl | 4Yid |5yl
Onar1

m 1.350. | 1.417. | 1.488. | 1.562. | 1.640.
Maliy | 000 500 375 794 933
eti

A
1 67.500.000 b Montaj Maliyeti

1.165.500.000 + Uriin Bedeli

Onarim Maliyeti

1.417.500 b 1.562.794 b
1.350.000 b 1.488.375b 1.640.933 b

0 Tl Tz Ts T4 Ts
Sekil 2. Maliyetin nakit akis diyagrami (Cash flow

diagram of cost)

Maliyet = Uriin Bedeli + Montaj Maliyeti +
Onarim Maliyeti = 1.165.500.000 £ + 67.500.000  +
5x1.350.000 = 1.239.750.000 ©

Fayda hesaplamasinda saglanan faydalar yatirimin
yapildig1 yila indirgenmistir. Bu sebeple toplam fayda
yillik enflasyon etkisinde arindirilmig 5 yillik
toplamdir.

Fayda=311.462.775bx5=1.557.313.875%

Fayda/Maliyet = 1.557.313.875/1.239.750.000=
1,26 >1 oldugu icin projenin yatirimi uygundur.

6. SONUC VE ONERILER (CONCLUSIONS AND
RECOMMENDATIONS)

LED teknolojisi ile gelistirilmis sokak armatiirleri
yiiksek 1s1k ¢iktis1 ve uzun Omiir beklentisiyle uzun
yillardir sokak aydinlatmalar: i¢in kullanilan yiiksek
basinglt sodyum buharli armatiirlere gore iyi bir
alternatiftir. Ge¢miste yapilan caligmalar boyle bir
doniistimii gereksiz bulsa da giiniimiizde artik LED
teknolojisi daha verimli ve daha kararli bir aydinlatma
cesidi haline gelmistir.

En giincel LED aydinlatma ¢6ziimlerinin mevcut
durumda kullanilan  geleneksel aydinlatmalarla
karsilasgtirildign bu caligmada; fayda maliyet analizi
yapilarak sonucun 1’den biiyiik oldugu yani 5 yil
icerisinde saglanacak faydanin bugilinkii degerinin
maliyetin bugiinkii degerinden daha biiylik oldugu
sonucuna  varilmistir.  Dolayisiyla,  iilkemizde
gerceklestirilmesi  planlanan sokak aydinlatmasi
doniistimil i¢in yapimi uygundur sonucuna varilabilir.
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LED sokak armatiirlerinin sagladigi fayda
yalnizca enerji tiiketimi, lamba bedeli ve onarim
maliyeti ile smurli degildir. LED’ler yonli 151k
kaynaklart  oldugundan 151tk kirliliginin = de
azaltilmasina yardimci olmaktadir.

LED’ler uzun omiirli (50.000, 60.000 ya da
90.000 saat) olsa da bir sistem igerisine dahil
edildiklerinde giris gerilimi, siirlis akimi, sicaklik gibi
etkenlerle dmiirlerinde diisiis goriilebilir. Ureticiler de
drinlerin  kullanim omrii ve garanti siiresini
belirlerken bu gibi etkenleri gbz Oniine almaktadir.
Sokak aydinlatmasi doniistimiinde {iretici firmalardan
daha uzun garanti siireleri (8, 10, 12 yil) talep
edilebilir. Bu sayede saglanacak fayda ve fayda
maliyet orani da artirilmis olacaktir.

Diger bir taraftan LED sokak armatiirlerinin
kullanim siirelerini uzatmak icin endiistri genelinde
bir standardizasyon ¢aligmasi1 yapilabilir. LED
modiilleri ve elektronik kontrol tertibati (LED siiriicii)
icin standart bir arayiiz (LED dizilerinin dagilimi,
elektriksel oOzellikleri, Olgiileri, vida delikleri vb.)
olusturulursa aydinlatma armatiirlerinin igerisinde
kullanilan bilesenlerin tam degisebilirligi saglanabilir.
Bu sayede bir iiretici tarafindan saglanan armatiir
icerisindeki LED modill veya LED siiriicii
arizalandiginda bagka bir {iretici tarafindan saglanan
pargalar ile onarimi yapilabilir. Bu yontemle LED’leri
dis etkenlerden koruyan ve calismasi icin gerekli
kosullar1 saglayan armatiir govdesi uzun yillar
boyunca kullanilabilir.
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Ofis mobilyasi tasariminda, calisanlarin durus pozisyonlari sebebiyle kas ve iskelet sistemi
tizerinde meydana gelebilecek riskler géz 6niinde bulundurulmalidir. Uzun siire masa basinda
calisan ve ayni durus pozisyonda oturmak durumunda kalan bireylerde mesleki rahatsizliklar
ortaya ¢ikabilmektedir. Bu rahatsizliklarin 6nceden tespiti ve diizenlenmesi i¢in ergonomik analiz
yontemlerinden yaralanilmaktadir. Ofiste galisan bireylerin viicut ve boy dlgiilerine uygun olarak
yeniden tasarim islemi ger¢eklestirilmektedir. Bu ¢aligma kapsaminda tasarlanan operasyonel ofis
mobilyasi grubu ile ¢alisanlarin ihitiyaglari tek bir alanda giderilmeye galigilmigtir. Tasarimda var
olan dinlenme ve toplanma alanlari ile ¢alisanlar giin igerisinde mekan degisikligi yaparak farkli
alanlarda c¢aligma imkanina sahip olabileceklerdir. Ayrica ¢alisma alani, bireylerin maksimum
iletisim halinde kalabilecegi sekilde diizenlenerek c¢aligma siiresince sosyallesme olanagi
arttirilmustir. Bu calismada, calisanlarin ihtiyaclarina cevap vermesi amaciyla minimum alanda
maksimum fonksiyon prensibi ile gelistirilen modiiler ofis mobilyas1 sisteminin ergonomik
degerlendirilmesi gerceklestirilmistir. Rhinoceros programinda ii¢ boyutlu (3B) modelleme islemi
tamamlanan operasyonel ofis mobilyas: tasarimi, CATIA programinin RULA (Rapid Upper Limb
Assessment) araci kullanilarak ortalama antropometrik verilere sahip bir insana gore ergonomik
acidan analiz edilmistir. Elde edilen sonuglara gore tasarim iizerinde gerekli degisiklikler
saglanmigtir.
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In office furniture design, the risks that may occur on the musculoskeletal system due to the posture
positions of the employees should be taken into consideration. Occupational diseases may occur
in individuals who work at a desk for a long time and have to sit in the same posture position.
Ergonomic analysis methods are used to detect and regulate these disorders. Re-design process is
carried out in accordance with body and height measurements of individuals working in the office.
With the operational office furniture group designed within the scope of this study, the needs of
the employees were tried to be met in a single area. With the resting and gathering areas in the
design, employees will have the opportunity to work in different areas by changing the space
during the day. In addition, the study area was arranged in such a way that individuals could stay
in maximum communication and the opportunity to socialize during the study was increased. In
this study, ergonomic evaluation of modular office furniture system which was developed with the
principle of maximum function in minimum area was realized in order to meet the needs of
employees. In the Rhinoceros program, three-dimensional (3D) modeling of operational office
furniture design has been completed and analyzed by using CATIA RULA (Rapid Upper Limb
Assessment) tool in terms of anthropometric data for an average human. According to the results,
necessary changes were made on the design.
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1. GIRIS anTrRODUCTION)

Ergonomik bir igyeri ya da iiriin gelistirme
sirecinde, o alan1 veya iriinii kullanacak olan
bireylerin kapasite ve 6zelliklerine uygun bir tasarim
olusturulmalidir. Gelistirilen iiriin, islevsel, kullanici
odakli, ekonomik ve estetik kaygilari tasidig:
takdirde ergonomik olarak nitelendirilebilmektedir.
Kullanici ihtiyaglarina uygun olarak gelistirilen bir
tasarim, kullanicilarin  antropometrik verilerine
uygun ve islevini yerine getirebilir olmalidir [1].

Antropometri, bireylerin  viicut boy ve
Ozelliklerinin sayisal olarak ifade edilmesidir.
Antropometri ile birlikte bireylerin yasadiklar1 bolge
ve milliyetlerine gore morfolojik &zellikleri
incelenerek elde edilen veriler dogrultusunda
tasarimlar  gelistirilmektedir. Insanlar yasadiklari
cevre ve kalitsal oOzellikleri  dogrultusunda
sekillenmektedir. Ayni1 kalitsal 6zelliklere sahip olup
farkli bolgede yasayan insanlarin bile farkli
antropometrik verilere sahip oldugu goriilmektedir.
Bu sebeple, iirlin gelistirme siirecinde o bdlgede
yasayan insanlarin kendine has antropometrik
verileri dikkate alinmalidir [2-5].

Tek bir kullanict i¢in igyeri veya {iriin tasariminin
miimkiin oldugu durumlarda kisiye 6zel tasarimlar
gelistirilerek yiliksek maliyetler elde edilmektedir.
Unlii tasarimeilarin markalagmis tasarimlart ya da
astronotlar i¢in hazirlanan is istasyonlart bu duruma
ornek olarak gosterilebilmektedir. Bircok engelli
bireyin fiziksel ozelliklerindeki 6nemli degisim
sebebiyle de 6zel tasarimlara gerek duyulmaktadir.
Bu durumlar digindaki biitiin tasarim siire¢lerinde, o
bolgede bulunan popiilasyona uygun iriinler
olusturulmalidir [6].

Isyeri tasariminda verimin arttirilmasi igin
kullanilan tiim ekipmanlarin o i yerinde ¢aligmakta
olan bireylerin antropometrik verilerine uygun
olarak gelistirilmesi gerekmektedir [7]. Bdylece,
calisanlarda  meydana  gelebilecek  mesleki
rahatsizliklarin  da  Oniine  gegilmesi miimkiin
olmaktadir. Ergonomik isyeri tasariminin en 6nemli
oldugu alanlardan biri de ofis tasarimlaridir. Ofis
calisanlar1 ¢ogunlukla uzun saat boyunca masa
basinda ve ekran karsisinda giinii tamamlamaktadir.
Ofiste kullanilan tiim mobilyalarin ofiste calisan
bireylerin viicut dl¢iilerine uygun olarak ergonomik
olmas1 gerekmektedir. Ofisteki giiriiltii, yetersiz 1s1
ve 151k seviyesi ile kullanilan @iriinlerin ergonomisi o
igyerindeki ~ verimi  dogrudan etkilemektedir.
Ergonomik olmayan mobilyalarin kullanimu,
calisanlarin kas ve iskelet sisteminde baski meydana

getirerek kalict rahatsizliklara sebebiyet
verebilmektedir. Ofis tasarimlari, c¢alisanlarin giin
boyu aynmi durus pozisyonunda kalmasini
engelleyecek farkli ¢aligma alanlarma da sahip
olmalidir. Giin igerisinde c¢aliganlarin daha aktif
etkilesim halinde olacagi alanlar olusturularak is
verimi arttirllmalidir. Ofisler, ¢aliganlarin fiziksel ve
psikolojik  ihtiyaglarina  cevap  vermelidir.
Olusturulan alanlar hem kisisellesme hem de
sosyallesme imkanini tanimalidir [8-10].

Bu g¢alisma kapsaminda, The XXIXth
International Conference Research for Furniture
Industry sempozyumunda sunulan “A Study On
Modular Operational Working System Design In
The Office Furniture Sector” baslikli bildiride [9]
tasarimi  gergeklestirilen modiiler yapidaki ofis
tasariminin ergonomik analizi gergeklestirilmistir.
Calisanlarin  giin boyu dinamizmini ve hareket
imkanini yiiksek tutmaya firsat veren bu tasarim,
farklt birimlerden meydana gelmektedir (Sekil 1).
Bu birimler igyerinin hacmine uygun dogrultuda
arttirllarak farkli gekillerde kullanilabilmektedir.
Sekil 2°de bu birimlerin farkli kullanimina 6rnekler
verilmistir.  Calisma, dinlenme ve toplanti
alanlarindan olugan birimlerin ortalama 6l¢iide
antropometrik verilere sahip bir bireye gore
ergonomisi CATIA programinin RULA araci
kullanilarak analiz edilmistir. Elde edilen analiz
sonuglarina gore tasarimin zayif taraflari tespit
edilerek gerekli diizenlemeler gergeklestirilmistir.

Sekil 1. Modiiler yapidaki ofis tasarimit (Modular
office design)
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Sekil 2. Birimlerin farkli dizilimiyle olusan ofis
yap11ar1 (Office structures formed by different arrangement of
units)

2. RULA ANALIZI (RULA ANALYSIS)

Teknolojinin  gelisimi ile ergonomik analiz
yontemleri, bilgisayar destekli tasarim (CAD)
programlarinda uygulanmaya baslanmistir [11].
CAD programlarinda olusturulan dijital insan
modelleri ile ergonomik agidan analiz edilecek olan
durus ya da aktivite bilgisayar ortamina simiile
edilebilmektedir. Boylece gereksiz prototipler
ortadan kaldirilarak tespit edilen problemler {iretim
oncesi siireglerde tespit edilebilmektedir [12, 13].

Ergonomik analiz uygulamalarinda farkli yontemler
kullanilmaktadir. Bu ydntemler, insan kas-iskelet
sisteminin hangi bolgesinde baski olustugunu farkli
teknikler ile degerlendirmektedir. Bu amagla
kullanilan ergonomik analiz yontemleri arasinda;
RULA (Rapid Upper Limb Assessment), NIOSH
(National Institute for Occupational Safety and
Health), REBA (Rapid Entire Body Assesment),
OWAS (Ovako Working Posture Analysing System)
ve LMM (Lumbar Motion Monitor) bulunmaktadir
[14-17]. RULA yontemi ile viicudun {ist
bolgelerinde olusan baski tespit edilerek gerekli
diizenlemeler yapilirken, REBA yontemi ile
viicudun boyun, govde, bacak ve alt, {ist kol ile bilek
boliimleri ayri ayri gruplandirilarak bu bolgelerdeki
esneme, uzama, egilme, rotasyon agilart ile
ergonomik analiz islemi tamamlanmaktadir. NIOSH
yontemi, kaldirma igleri sirasindaki riskleri tespiti
icin bir kaldirma denklemini igermektedir [18].
OWAS ergonomic analiz metodu ise c¢alisma
sirasinda yanlis durus sebebiyle kas ve iskelet

sisteminde meydana gelebilecek rahatsizliklarin
gozleme dayali olarak tespit edilmesidir [19].

Bu calismada ergonomik analiz iglemi i¢in CATIA
V5 R21 programmimn RULA aract kullanilmistir.
RULA analizi ile {ist esktremite aktivitelerinde
(boyun, govde, kol, bilek gibi) risk yaratacak durus
pozisyonlar1 tespit edilerek gerekli iyilestirmeler
yapilmaktadir [20]. CATIA programu ile Dijital
Insan Modelleme (DHM) yaklasimi kullanilarak bir
puanlama  sistemi  sonucu  analiz  islemi
tamamlanmaktadir [21]. Analiz sonucu elde edilen
puanlar 1 ila 7 arasinda degismekte ve renkler ile
temsil edilmektedir. CATIA programu ile uygulanan
RULA aract sonucu elde edilen tablodaki puan ve
renk degerleri Tablo 1’de verilmistir.

Tablo 1. RULA analizi puan tablosu degerlendirmesi
(RULA analysis score table assessment) [T, 22]

Viicudun Puan 1 2 3
bolimi

Ust kol 1-6

Onkol 1-3

Bilek 1-4

Bilek biikiimii 1-2

Boyun 1-6

Govde 1-6

Analiz sonucu elde edilen tablodaki puan ve
renklerin anlami ise Tablo 2’de verilmistir.

Tablo 2. RULA tablosunun yorumlanmasi
(Interpretation of RULA table) [23]

RULA Risk seviyesi | Faaliyet
puant
12 Thmal Kabul edilebilir
edilebilir
3-4 Diisiik Daha fazla aragtirma ve
degisiklik gerekebilir
5-6 Orta Aragtirma ve yakinda
gerekli degisiklikler
7 Sorusturma ve hemen
gerekli degisiklikler
Toplam
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3. OPERASYONEL OFiS MOBILYASI
TASARIMININ ERGONOMIK ANALiZzZi
(ERGONOMIC ANALYSIS OF OPERATIONAL OFFICE
FURNITURE DESIGN)

Yeni ofis diizenlerinde, verimlilik o6n plana
cikarilarak calisanlarin  Dbirbirleriyle daha ¢ok
etkilesim halinde bulunabilecegi acik tip ofisler
tercih edilmektedir. Kapali tip ofislerde birkac kisi
bulunurken, agik tip pfislerde yiizlerce kisi bir
mekanda toplanmaktadir. Bu yeni diizen ile 6l¢iileri
ayarlanabilir mobilyalar kullanilarak herkesi mutlu
edecek alanlar olusturulmak istenmektedir. Giirtiltii
kirliligi olusmasin1 engelleyecek ve calisanlar
ihtiya¢ duydugunda bireysellesmesine izin verecek
alanlar planlanmalidir [8]. Bu amacla tasarlanmis
olan operasyonel ofis tasariminin ergonomik
degerlendirmesi bu calisma kapsaminda
gerceklestirilmistir.

Tasarlanan operasyonel ofis mobilyast ¢aligma,

toplant1 ve dinlenme bdliimii 6l¢iileri sirasi ile Sekil
3-5’de verilmistir.

160 em

Sekil 3. Calisma boliimii Olglileri (Working section
dimensions)

Sekil 4. Toplanti boliimii dlgiileri (Meeting section
dimensions)

| "’ 160 em

Sekil 5. Dinlenme boliimil Slgiileri (Resting section
dimensions)

Ergonomik analiz islemine ilk olarak ortalama viicut
Olciilerine sahip bir dijital insan modelinin
olusturulmasi ile baglanmigtir. 1981 ve 2005
yillarinda  yapilan  Tiirkiye  Antropometrik
Aragtirmast  sonuglarma gore Tiirk erkeginin
ortalama viicut dl¢ii degerleri Tablo 3’te verilmistir.

Tablo 3. 1981 ve 2005 yili Tiirk erkegi ortalama
antropometrik verileri (The average anthropometric data of
Turkish men in 1981 and 2005) [1]

Olgii tipleri Ortalama erkek
1981 2005
Boy 168,08 168,8
Agirhik 66,47 74,74
Bist yiiksekligi 887,50 887,55
Alt taraf yiiksekligi - 964,20
Diz yiiksekligi 503,00 522,99
Alt bacak yiiksekligi - 483,85
Omuz yiiksekligi (ayakta, 1382,70 -
yerden)
Apis arast yiiksekligi 751,30 -
Dirsek yiiksekligi (ayakta) 1022,60 -
Tiim kol uzunlugu (ayakta, 827,90 748,54
omuz hareketsiz)
Ust kol uzunlugu - 353,11
Onkol uzunlugu - 269,22

Tablo 3’te wverilen degerlere gore CATIA
programinda olusturulan dijital insan modeli Sekil
6’da verilmistir.
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Sekil 6. CATIA programinda olusturulan dijital
insan modeli (Digital human model created in CATIA

program)

Dijital insan modelinin olusturulmasinin ardindan
ofis sisteminin c¢aligma bolimiiniin 3B modeli
acillarak model uygun durus pozisyonuna
getirilmistir. Modelin st bdlmedeki depolama
birimini agma durumundaki analiz sonucu Sekil 7°de
verilmistir. Elde edilen sonuclara gére RULA analizi
final puani 4 olarak tespit edilmistir. Bu durum, risk
diizeyinin diisiik oldugunu ve daha sonraki
asamalarda  tasarim  iizerinde degisikliklerin
gerekebilecegini gostermektedir.

n (Manikin1)

Side: O Left @ Right
i Details
Posture _+_] Upper Arm: 4
@ Static O Intermittent O Repeated _+ | Foream: 2
Repeat Frequency _+J Wrist: I
O < ATimes/min, @ >4 Tirnes/rrin, x| st Twist: 1
Pasture A: 4
[ Arm supported/Person leaning Muscls 1.
uscle:
[] Arms are working across midline Foreeflnak omm
[ Check balance Wrist and Arm: 5 .
| Necke 1.
Load: | Okg =3} _+ | Tunke 2mm
— Score Leg: 1
Final Score: 4 (23 I Posture B: 2
Investigate further Neck, Trunk and Leg: 3
- Close |

(b)

Sekil 7. (a) Ust kapagin agilmasi, (b) RULA analiz
SONUCU (a) opening the top cover, (b) RULA analysis result)

Modelin alt bélmede bulunan depolama birimi
kapagini agma durumundaki RULA analiz sonucu
ise Sekil 8’de verilmistir. Analiz sonucuna gore final
puant 7 ve kirmizi renk ile gdsterilmistir.
Caliganlarin  glin boyu bu depolama birimini
kullanma siklig1 diistinelerek elde edilen final
puanina gore ofis tasariminin bu bdliimiinde acilen
degisiklik yapilmas1 gerektigi belirlenmistir.

1 (Manikin1)
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Side: (i |eft @ Right

—p Details

Posture .+J Upper Arm: 5

@ Static O Intermittent C) Repeated _+ | Forearm: 2
Repeat Frequency x| wrist: 3
O <4 Timesfmin, @ >4 Times/rrin, dw;m‘ﬁmst: 1.

Posture A: &
[1 Arm supported/Person leaning Muscle: 1.
[] Arms are working across midline Eoree/bond omm
[] Check balance Wrist and Arm: T

_+ | Neck: 4

Load: | Okg =] _+ | Trunk: 3
[~ Score Leg: 1.

Final Score: 7 - Posture B: 3
Investigate and change immediately Neck, Trunk and Leg: 7 I

(b)

Sekil 8. (a) Alt kapagin acilmasi, (b) RULA analiz
SONUCU (a) opening the bottom cover, (b) RULA analysis result

Bir sonraki agamada, modelin masada ¢alisma
durumundaki pozisyonunun analiz sonucu Sekil
9’da verilmigtir. Tablodan elde edilen sonuglara gore
final puam1 3 ve sart renk ile belirtilmistir.
Dolayistyla tasarimin bu bdliimiinde ergonomik
agidan bir risk bulunmamaktadir.

(a)
Side: () Left @ Right
Details
Posture = | Upper arm: 3
@ Static ) Intermittent ) Repeated _+ | Forearm: 2
Repeat Frequency _ﬂwm‘: 1.
O < ATimes/min, @ >4 Times/min. _+1Wrist'li~ist' 1.
H e Posture A: 3mm
rm supported/Person leaning
Muscle: 1
(] Arms are working across midline Force/Load: o mm
[ Check balance Wrist and Arm: 4
_+ | Neck: 1.
Load: | Okg =] ] Trunke 2mm
- Score Leg: 1.
Final Score: 3 Posture B: 2mm
Investigate further Meck, Trunk and Leg: 3
Close
-

Sekil 9. (a) Masada c¢alisilmasi, (b) RULA analiz
sonucu (a) Working at the table, (b) RULA analysis result

Modelin alt kisimda bulunan ¢op boliimiine oturur
durumdayken ulagmak istemesi durumunda RULA
analiz sonucu Sekil 10’da verilmistir. Final puanm 4
ve sarl renk ile belirtilmistir. Bu durum, durus
pozisyonunun risk olusturmadigini ancak ileride
degisiklik gerekebilecegini belirtmektedir.

Side: O Left @ Right

—P. Details
Posture _+ | Upper Arm: 2mm
@ Static O Intermittent () Repeated _+ | Forearm: 2
Repeat Frequency _+J Wrist: 2
O <4 Times/rmin, @ >4 Timesfrain, | wrist st 2
[] Arm supported/Person leaning ::sm:e‘ o ‘:’ -
[ Arms are working across midline FoiZ/ioadg 0 :
[] Check balance it ot A 4
_+jNeck: 1.
Load: | Okg E _;l hank ES
—Score Leg: 1
Final Score: 4 Posture B: 3
Investigate further Neck, Trunk and Leg: 4
=" Close I

(b)

Sekil 10. (a) Alt boliime ulasilmasi, (b) RULA analiz
SONucCu (a) Reaching the lower section., (b) RULA analysis
result

Modelin toplantt ve dinlenme bdliimlerindeki
oturma pozisyonunun RULA analiz sonuglari ise
sirastyla Sekil 11 ve 12’de verilmistir. Her iki
oturma pozisyonunda final puani 2 ve yesil renk ile
gosterilmis ve herhangi bir degisiklik ihtiyaci
olmadig1 belirlenmistir.
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Side: 0 Left @ Right

= Details
Posture _+I Upper Arm: 1.
@ Static O Intermittent O Repeated _+ | Forearm: 1.
Repeat Frequency —+i Wirist: 1.
O < 4Timesfrmin, & >4 Times/min. Awrmm-ﬂ 1mm
: Posture A: 1
[] Arm supported/Person leaning Nt 1 .

uscle:
] Arms are working across midline o o
[ Check balance Wrist and Arm: 2
= _+I Meck: 1.
Load: | Okg E _:jr,un;c 1.
[~ Score Leg: 1.
Final Score: 2 L << Posture B: 1.
Acceptable Meck, Trunk and Leg: 2 1
< Close
|

Sekil 11. (a) Toplant1 boliimiinde oturma pozisyonu,
(b) RULA analiz sonucu (a) Sitting position in the meeting
section, (b) RULA analysis result

=Applications

(@)
Sidet () et @ Right
P Details
Posture _+ | Upper Arm: 1
@ Static O Intermittent O Repeated _+ | Forearm: 1.
Repeat Frequency ;’w-isl: 1.
O < aTimes/min, @ > 4 Times/min. ;’W,E‘M;t 1mm
: Posture A: 1.
[ Am supported/Person leaning e -
[ Arms are working across midline Farce/bniak 0
[] Check balance Wrist and Arm: 2 m
-+.INe.:ic 1.
Ok
Load: | Okg E o+ Tunk: 1.
T e 1.
Final Score: 2 - Posture B: 1mm
Acceptable Neck Trunkand Leg: 2 1
Close
[P

Sekil 12. (a) Dinlenme boliimiinde oturma
pozisyonu, (b) RULA analiz sonucu (a) Sitting position
in the resting section, (b) RULA analysis result

Analiz  isleminin tamamlanmasimnin  ardindan
tasarlanan operasyonel ofis mobilyasi tasariminin
iist kisimdaki alt depolama biriminin kullaniminda
ortalama boy Olciistine sahip bir erkegin durus
pozisyonunun ergonomik ac¢idan risk yaratacagi
tespit edilmistir.

4. RULA ANALiZ SONUCLARINA GORE
YENIDEN TASARIM (REDESIGN BY RULA
ANALYSIS RESULTS)

CATIA V5 R21 programinda gergeklestirilen
analiz sonuglarina gore ofis mobilyasi tasarimindaki
depolama birimlerinin kullaniminda ergonomik
acidan bireyler iizerinde risk yaratacagi tespit
edilmistir. Bu sebeple tasarim {iizerinde bir takim
degisiklikler gerceklestirilmistir. Var olan iki adet
iist depolama birimi sayis1 teke diisiiriilerek kalkar
kapak kullanimi yerine rayl kapak tercih edilmistir.
Ayn1 zamanda dolap derinligi de azaltilarak farkli
boy oOlgiilerine sahip bireylerin dolaba ulasma
durumu kolaylagtirilmigtir. Tasarimin alt kisminda
bulunan ¢op bolimii kulbu da kaldirilarak dolap
kapag1 ile entegre bir tutma yeri tasarlanmustir.
Bdylece uzun boylu bireylerin alt boliime ulagsmak
icin egilme acis1 azalmis olacaktir. Yeniden tasarimi
gerceklestirilen ofis mobilyas: sisteminin ¢alisma
birimi Sekil 13°de verilmistir.

Sekil 13. Yeniden tasarimi gercgeklestirilen calisma
birimi (Redesigned working unit)

Yeniden tasarlanan model {iizerine dijital insan
modeli  yerlestirilerek RULA  analiz  islemi
tekrarlanmistir. Ust depolama birimi ve alt kisimdaki
¢Op boliimiiniin kulanim durumunun RULA analiz
sonugclari sirasi ile Sekil 14 ve 15°te verilmistir.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2019 Gazi Akademik Yayincilik



297

Top / Gazi Miihendislik Bilimleri Dergisi 5 (3). (2019) 290-299

)
. »
(a)
Side: () |eft @ Right
[~ Parameters - - Details
|Posture + IUpperArm: Z2m
|@ Static O Intermittent O Repeated | _+ | Forearm: 1
|Repeat Frequency .;IWrist- 1.
|© <aTimes/min, @ >4 Times/min, | = | wrist Twist: ]
gDA See Posture A: 2mm
|C] Arm supported/Person leaning
Muscle: 1.
[] Arms are working across midline % Ly o
[ Check balance Wrist and Arm: 3
| + lNeck: 1
™ = | = Tunke: 1.
 Score | Ley: 1
Final Score: 3 222 PosturcE: ]
Investigate further Meck, Trunk and Leg: 2
_Close |
—

(b)

Sekil 14. (a) Yeniden tasarim sonrasi iist kapagin
acilmasi, (b) RULA analiz sonucu (a) Opening the top
cover after redesign, (b) RULA analysis result

=
» P

Side: O Left @ Right

— Parameters - — Details -

|Pasture i_+]Upper Arm: 1.

|® static O Intermittent ' Repeated _+ | Forearm: 1 .

|Repeat Frequency E_+1Wr|st: 1.

=O < ATimes(min. @ = 4 Times/min :;eristTwwst: 1 -

:DA o S | Posture A: 1.

|1 Arm supported/Person leanin

| PP 2 Muscle: 1.

|1 Arms are working across midline e et omm

[ Check balance Wrist and Arm: 2m

[ _+]Nack: 1.

|Load: Okg =] |+ ] Trunks 2m

[~ Score | Leg: 1

Final Score: 3 e d Posture B: 2

| Investigate further Neck, Trunk and Leg: 3

_Close |

-

(b)

Sekil 15. (a) Yeniden tasarim sonrasi alt boliime
ulasilmasi, (b) RULA analiz sonucu (a) Reaching the
lower section after redesign, (b) RULA analysis result

Ofis mobilyasinin yeniden diizenlenen bdliimlerinin
RULA analiz sonuglarina gore her iki final puaninin
da 3 ve sar1 renk ile temsil edildigi goriilmiistiir. Bu
durum, tasarim tzerinde yapilan degisikliklerin
ergonomik anlamda  olumlu  sonuglandigim
gostermektedir.

5. SONUC VE DEGERLENDIRMELER
(CONCLUSION AND EVALUATIONS)

Bu calisma  kapsaminda, degisen ofis
tasarimlarina uygun olarak yar1 acik yapida
diizenlenen operasyonel ofis mobilyas: sistemi
ergonomik acidan degerlendirilmigtir.  Analiz
stirecinde CATIA programinin RULA aract
kullanilarak calisanlarin farkli durus pozisyonlari
incelenmigtir. Caligmada dijital insan modellerden
yararlanilarak calisma duruslari gergege yakin bir
sekilde modellenmistir.

Elde edilen analiz sonuglarina gore tasarim
iizerinde ergonomik acidan risk teskil eden birimler
tespit edilmistir. Ust  boliimdeki  depolama
birimlerini kullanma durumunda, ortalama viicut
Olciilerine sahip bir ¢aliganin bile uzun vadede kas ve
iskelet sisteminde  problem  olusabilecegi
goriilmiistiir. Aynmi sekilde alt bolimdeki birimlere
oturma pozisyonunda ulagilmasi durumunda da
ergonomik acidan risk meydana gelebilecegi tespit
edilmistir. Elde edilen RULA analiz sonuglarina
gore yeniden tasarlanan ofis mobilyasi sistemi tekrar
analiz edilerek ilk elde edilen sonuglarla kiyaslanmig
ve diizenlemelerin olumlu sonug¢landigi
belirlenmistir.
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1999 Kocaeli depremi sirasinda, zayif zemin kuvveti olan bir alan iizerine insa edilmis dar yiizli
betonarme yiiksek binalarin, yapisal bir zarar gormeden temelleri ile birlikte devrildigi
goriilmiistiir. Bu davranis, temel taban basing gerilmelerinin deprem sirasinda degisken oldugunu
gostermektedir. Temel tabanindaki farkli taban basinci, zemin tagima kapasitesini asarak,
temellerin bir tarafinda zeminin plastik olarak ¢okmesine neden olurken, diger tarafinda zeminden
ayrilmasina sebep olmaktadir. Devrilen bu binalar, deprem bélgelerinde dar yiizli yiiksek
binalarin yapisal analizinden 6nce, devrilme analizi yapilmasinin ¢ok 6énemli ve gerekli oldugunu
gostermistir. Zeminin ¢ekme gerilme mukavemeti sifir olmasina ragmen, temel analizlerinde,
zemin ¢ekme ve basingta ayni direnci gosteren yaylar olarak kabul edilmektedir. Bu calisma
kapsaminda zeminin ¢ekme dayanimi sifir olarak kabul edilmistir. Bir deprem sirasinda, bir
binanin temelindeki tek tarafli kiigiik fakat farkli oturmalar nedeniyle binanin tepesinde olusan
yanal yer degistirmenin, dar cepheli yiiksek binalarin elastik deformasyonu sonucunda olusan
toplam yanal yer degistirmeden ¢ok daha fazla oldugu goriilmiistiir.

Bu ¢aligmada, bir binanin yiikseklik/genislik orani (H/B) ile zemin yatak katsayisi (K, kN/m?)
arasindaki korelasyonun belirlenmesi amaglanmistir. Bu parametreler arasindaki iliskiyi ve
optimum H/B oranini belirlemek i¢in, 4 farkli H/B oraninin her biri i¢in 5 farkli K katsayili toplam
20 farkli bina modeli tasarlanmugtir. Her bir modelin analizleri STA4CAD V13.1 programi
kullanilarak dogrusal yontemle, ETABS 15.0.0 programi kullanilarak dogrusal ve P-§ etkisini
dikkate alan dogrusal olmayan yontemlerle yapilmistir. 1999 Kocaeli depremi sirasinda
Sakarya’da devrilen dort farkli bina, benzer oranlardaki modellerin devrilme analiz sonuglari ile
karsilastirilmig ve bu binalarin devrilme limitini astig1 goriilmiistiir.

https://dx.doi.org/10.30855/gmbd.2019.03.11
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During the 1999 Kocaeli earthquake, it was observed that the narrow-facade reinforced concrete
high buildings built on areas with weak soil strength were overturned together with their
foundations without any structural damage. This behavior shows that the compression stresses at
the bottom of the foundation are variable during the earthquake. While the compression stress
exceeding the ultimate strength and causing residual plastic settlement of soil on one side of the
foundations, it is separating from the ground on the other side. These overturned buildings showed
that, before structural analysis of narrow-faced high buildings in earthquake areas, overturning
analysis of the building is very important and should be compulsory. Although the tensile strength
of the soil is zero, in foundation analyzes, the soil is being considered as springs showing the same
resistance in tension and compression. In this study, the tensile strength of the soil is considered
zero. During an earhquake, lateral displacement at the top of the building due to the small
settelment on one the side of a building foundation was obtained more than the total lateral
displacement concluded as a result of elastic deformation of narrow facaded high buildings. In this
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study the determination of a correlation between the height and width ratio (H/B) of a building

Corresponding and the soil reaction coefficient (K, kN/m?) is aimed. In order to determine the relationship

A"’—W between these parameters and to determine the optimum H/B ratio, in total 20 different building
e-posta: models with 5 different K coefficients for each of the 4 different H/B ratios were designed. The
odogan@kku.edu.tr

analysis of each model is done using linear method with STA4CAD V13.1 program, linear and
non-linear methods considering the P-6 effect with ETABS 15.0.0 program. Four overturned
buildings in the Sakarya campus during the 1999 Kocaeli earthquake are compared with the similar
models with the same ratio and soil properties. The results show that these buildings are exceeded

overturning limits.

https://dx.doi.org/10.30855/gmbd.2019.03.11

1. GIRIS anTrODUCTION)

Gilinlimiizde betonarme binalarmn  iist  yapi
analizlerinde, binanin temele ankastre tutulu oldugu
kabuliiyle iist yap1 analizlerinin yapildigi, daha sonra
temel-zemin analizlerinde temelde meydana gelen
farkli oturmalardan kaynaklt ddnmelerin ihmal
edildigi bilinmektedir. Ust yapinin temel ve zeminiyle
birlikte modellenmemis olmast, {ist yap1 analizlerinde
temeldeki donmenin goreli oOtelenmelere etkisinin
ihmal edilmesi, Sakarya Ozelinde deprem riski
yiiksek, zemini zayif binalarin hi¢ yapisal hasar
gormeden toptan devrilmeleri sonucunu getirmistir.
Deprem sonrasinda Sakarya ilinde yapilan gbzlemsel
incelemelerde, devrilen binalarin sivilasma nedeniyle
oldugu diistintilmistiir.

Ancak, ornek niteligindeki segilen bu binalara
bitisik olan ayn1 katli fakat daha genis cepheli ve ayni

Sekil 1. Maraa Bolgesi Kuzey Anadolu Diri Fay Hatti,

zemine oturan komsu binalara bakildiginda, bu
binalarda  herhangi bir egilme davranigina
rastlanilmamasi, bu devrilmelerin sadece zemin
stvilasmasindan kaynaklanmadigint gostermektedir

[1].

Sekil 1’de MTA’dan alinan Kuzey Anadolu Diri
Fay haritasina bakildiginda, fayin dogu-bati yoniinde
Sakarya 11  merkezinin  giineyinden  gectigi
goriilmektedir. Sekil 2’de ise bu fay dogrultusuna
paralel, dik sokak ve caddeler goriilmektedir. Sekil 4,
6, 8 ve 10°da Adapazari schir merkezinde 1999
Kocaeli depreminde, fay dogrultusuna paralellik arz
eden caddeler iizerindeki fay dogrultusuna dik ve dar
cepheli temeliyle birlikte toptan devrilen 4 adet 6rnek
binanin yerlesim alani, Sekil 3, 5, 7 ve 9’da ise bu
binalara ait cephe goriintiileri yer almaktadir [16,17].

[2,16] (Marmara Region Northern Anatolia Active Fault Line)

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2019 Gazi Akademik Yayincihk



302

Dogan, Kalayli / Gazi Miihendislik Bilimleri Dergisi 5 (3). (2019) 300-314

&8 TN AL

Sekil 2. 1999 Deende dapazarl’da Devrilen 4 Adet BinamKonumu, [] (Location of 4 Bldings Which Were
Overturned in 1999 Adapazar: Earthquake)

1 Nolu Bina

-
Sekil 3. Devrilen 1 Nolu Bina (Yiikseklik:15.00 m, Genislik:5.00 m), [1] (Overturned Building #1 (Height:15.00 m,
Width:5.00 m))
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Sekll 4 1999 Adapazarl Depremlnde Devrilen 1 Nolu Binanin Konumu, [2] (Location of Building #1 Which was
Overturned in 1999 Adapazar: Earthquake)

Sekil 5. Devrilen 2 Nolu Bina (Yiikseklik:13.50 m, Genislik:7.50 m), [1] (Overturned Building #2 (Height:13.50 m,
Width:7.50 m)
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Sekil 7. Devrilen 3 Nolu Bina (Yiikseklik:13.50 m, Genislik:6.50 m), [1] (Overturned Building #3 (Height:13.50 m,
Width:6.50 m))
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Google Eaﬁ‘.h
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Sekil 9. Devrilen 4 Nolu Bina (Yiikseklik:12.00 m, Genislik:6.00 m) [1] (Overturned Building #4 (Height: 12.00 m,
Width:6.00 m))
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Sekil 10. 1999 Adapazari Depreminde Devrilen 4 Nolu Binanin Konumu, [2] (Location of Building #4 Which was
Overturned in 1999 Adapazar: Earthquake)

Giliniimiize kadar bu alanda yapilmig calismalar
incelendiginde, bina-temel-zemini birlikte
modelleyen ve devrilme analizi yapimina iliskin
yeterli bir ¢alisma bulunmazken; Dogan (1993), statik
ve dinamik disey yiikler etkisinde elastik ve elasto-
plastik zeminler iizerine oturan sonlu kirisler i¢in
zeminin ¢ekme almadigini diisiinerek matematiksel
analizler yapmus [3], Stewart, Seed ve Fenves (1998),
farkli rijitlikteki zemin ve istyapinin etkilesimini,
binanin temel tipi ve boyutlarina bagli olusabilecek
ikincil etkileri ortaya koyarak; uzun periyotlu
yapilarin analizlerini yapmis [4], Giresini ve Sassu
(2016), yatay olarak tutturulmus rijit bloklarin deprem
etkisindeki devrilme davranigint analitik olarak
incelemis [5], Aslam ve dig. (1978), yapinin sadece
yiikseklik/geniglik oraninin devrilmeye olan etkilerini
incelemis [6], rijit bloklarin ve eklentilerinin
devrilmesini inceleyen degisik calismalar da farkli
arastirmacilar tarafindan yapilmistir [7], [8], [9], [10].

FEMA-356’da yapilarin devrilme tahkikinde,
bir davranig oldugu ve depremden yapiya gelen
devirici kuvvetlerinin, rijitlik katsayis1 olan R’ye
bolinmeden  dogrudan  etkitilmesi  gerektigi
belirtilmektedir. Her ne kadar binalarin yiiksekligini
azaltmak veya genigligini artirmak, devrilme riskini
azaltan bir ¢6ziim olsa da imar durumu geregi bu
¢Oziimiin uygulanamadigi durumlarda, FEMA-274’te
devrilme riski olan binalar igin g¢esitli zemin
iyilestirme yontemleri Onerilmistir [11]. Bu
calismada, 17 Agustos 1999°da Adapazari ilimizde
yasanan depremde temeliyle birlikte devrilen
binalardan do6rt adedi O6rnek alinarak, farkli

yiikseklik/genislik oraninda ve farkli zemine oturan
bina modellerinin analizleri yapilmustir.

2. MATERYAL ve METOD (MATERIAL and
METHOD)

Bu ¢alismada, Sekil 11°de goriildiigii gibi devrilen
binalarin oturdugu zemin Ozellikleri, geniglik ve
yiikseklikleri referans alinarak, dar cepheli, ayn1 kat
planina sahip 6, 8, 10 ve 12 katli binalar modellenmis,
DBYBHY-2007’ye gore, 5000, 10000, 20000, 50000
ve 100000 kN/m? yatak katsayis1 icin ETABS 15.0.0
ve STA4CAD V13.1 programlari kullanilarak, 20 adet
betonarme bina modeli hazirlanarak, lineer ve non-
lineer analizleri yapilmig, ETABS 15.0.0 programinda
zemin yatak katsayisi  (K) sadece basinca
calistirilarak, binanin temeli ve tepe noktalarindaki
deplasmanlar tespit edilmis ve ayrica direnen/deviren
momentler  karsilastirilarak ~ devrilme  tahkiki
yapilmistir.

Betonarme bina analizi yapabilen STA4CAD
V13.1  programn  Ulkemizde yaygin  olarak
kullanilmakta olan paket programdir. Sonlu elemanlar
metoduna gore hesap yapabilen ETABS 15.0.0
programi ise uluslararasinda kabul gérmis statik
hesap programdir. Caligmaya esas teskil eden devrilen
binalarin Ulkemizde yer almasi ve bu binalarin statik
hesaplarinin genellikle yerel programlarla yapilmasi
sebebiyle STA4CAD programi, ¢ikan sonuglar ile
kargilagtirma yapilabilmesi i¢in de gercege daha yakin
sonuglar veren ETABS 15.0.0 programi tercih
edilmistir.
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Secilen bina modelleri, 6.00x18.00 m taban
oturumunda ve Ulkemizdeki genel yapi stokunu
dikkate alarak 6 katl1 (18.00 m), 8 katl1 (24.00 m), 10
katli (30.00 m) ve 12 katl1 (36.00 m) yiiksekliklerinde
tasarlanmustir. Parametre olarak, TS498
Yonetmeligine uygun olarak doseme sabit ve hareketli
yiikleri 2.0 kN/m?, kirislerde duvar yiikii 19 cm’lik
tugla duvar igin 9.0 kN/m?, yap1 gelik sinifi S420,
beton sinifi C20/25, 1.derece deprem bdlgesi igin
Aop=0.40g, bina onem katsayis1i I=1.0, spektrum
karakteristik periyotlart Ta=0.20 ve Tp=0.90, bina
tastyici sistem davranig katsayist R=8.00 alinarak, her
bir bina modeli i¢in yap1 elemanlarinda gevrek gdgme
olmayacak sekilde, yapiin tiim katlarinda déseme
kalinliklar1 15 cm, kolon boyutlar1 70x50 cm ve 70x70
cm, kiris ebatlar1 40x60 cm ve 60x60 cm, temel
kalinlig1 80 cm olarak secilmistir.

Sekil 11. Temel ve Zemin ile Birlikte Modellenen

Ornek Binani Kolon-Kiris Cergeve Sistemi (Column-
Beam Frame System of Sample Building Modeled with Foundation
and Soil)

20 adet bina modelinin, oncelikle STA4CAD
V13.1 programi ve ETABS 15.0.0 programu ile lineer
analizleri yapilmis, daha sonra P-d etkisi dikkate
alinarak ETABS 15.0.0 programu ile non-lineer
analizleri yapilmis ve her iki programla yapilan analiz
sonuglart karsilastirilmigtir. Narin plan geometrisine
sahip yapilarin devrilme tahkikine esas modellemesi
yapilirken, zemin ¢ekme almayan ve basingta elasto-
plastik davranan yaylar seklinde kabul edilmistir.
Boylece temelde meydana gelen asir1 donmelerden
kaynakli tepe deplasmanlar1 ve devrilme riskini

artiran biiylik ikinci mertebe momentler elde
edilmistir.

Non-lineer analizlerde, temel doénmesine bagh
olarak tepe deplasmanlarinin, lineer analize kiyasla,
simir degerlerin de O&tesinde ¢ok biiyiik oldugu
goriilmiis ve devrilen binalarla da uyumlu sonuglar
vermistir.

3. BULGULAR ve TARTISMA (CONCLUSIONS
and DISCUSSION)

Tablo 1. Bina Modellerine ait Maksimum ve

Minimum Tepe Deplasmanlar1 (mm) (Maximum and
Minimum Peak Displacements of Building Models (mm))

.STA4CAD. ETABS Lineer N:lﬁ:Zer
Bina Lineer Analiz |\ 1iz (mm) | +P-6 Analiz

Modelleri (mm) (mm)

5 |8 |5 |6 [5]8]8]8]s
H/B=3
K=5000 27 {1 |-11]120(1 |-13|117| 96 | -51
K=10000 24 | 1| -1|18 |1|-6]|84 |9 | -30
K=20000 21| 1| -1]|5|1|-3]|64 7 -20
K=50000 17 | 1 | -1 (43 |1]| -2 | 49 6 -12
K=100000 | 13 | 1 | -1 [ 36 |1 | -2 | 42 5 -8
H/B=4
K=5000 54 | 2| -2|211|1 |-16|197|132| -66
K=10000 48 | 2 | -1 |141|1| -7 |139|140]| -39
K=20000 36 (1 |-11]199 1| -4 (104|145 -25
K=50000 26 | 1| -1|70|2|-3 |78 |147] -16
K=100000 | 21 | 1 (-1 |59 |2|-2 |68 |13 | -12
H/B=5
K=5000 78 | 3 | -3 14021 |-11({352|169| -80
K=10000 69 | 2 | -2 |216(1| -9 [208|179| -48
K=20000 51| 2| -2|150|2 | -5 (153|186 | -32
K=50000 36 |1 |-1]104|2|-3 (113|191 -21
K=100000 | 29 | 1 | -1 | 8 |2 | -3 | 97 | 192 -16
H/B=6
K=5000 104 | 4 | -4 [538|2|-15(624 (216 -83
K=10000 93 | 3 | -3 |353|2 | -2 (389|218 -62
K=20000 69 | 2 | -3 1992 | -7 [211|227)| -38
K=50000 48 | 2 | -2 |139|3 | -5 |154|233]| -25
K=100000 | 39 | 2 | -2 |115|3 | -4 | 131|236 -20

Tablo 1’de, STA4CAD ve ETABS programlarinin
lineer analiz sonuglara bakildiginda 6« degerinin
sirastyla 104 ve 538 mm oldugu, ETABS programinin
non-lineer analizinde bu deplasmanin 624 mm’ye
¢iktig1 goriilmekte, K=5000 kN/m? i¢in de &, ve 3,
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deplasmanlarinin sirasiyla 4 ve 16 mm’nin altinda ve
cok kiictik oldugu goriilirken, ETABS programinin
non-lineer analizinde bu deplasmanlarin yaklagik 10

kat1 biiyiiyerek,

sirastyla 236 ve 83 mm’ye kadar

ciktig1 goriilmektedir.

Sekil 12. K

Sekil 13

Sekil 14. K -
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500 H/B=3,00
= - - = H/B=4,00
€ 400 /
£ — — =H/B=5,00
= 300
«© H/B=6,00
200
100 |2
O "—.—-_——-—-._—_&EF-I-‘::‘l::.::.-
0 20000 40000 60000 80000 100000
K (kN/m?3)

- 0x Grafigi (STA4CAD Programi, Lineer Analiz) (Graphic of K - 6x (STA4CAD, Linear Analysis))

700
600 H/B=3,00
500 — = H/B=4,00
Ta00 | — — —H/B=5,00
£ H/B=6,00
- 300 \
S \
200 | NN
S i
10 - N === S LTS LT o oS- =TE
0
0 20000 40000 60000 80000 100000

K (kN/m3)

. K - 8x Grafigi (ETABS Programi, Lineer Analiz) (Graphic of K - ox (ETABS, Linear Analysis))
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600 5, =10612K047 5, =1968K 033 H/B=3,00
500 R2 = 0,9494 R2/= 0,9799 — . = H/B=4,00
H/B=5 ici H/B=3 icin
_ /B=5 icin ¢ ~ — ~H/B=5,00
E 400
£ . H/B=6,00
G300 |y Us (H/B=3,00)
. .
200 S PO R PYYPPPP Us (H/B=5,00)
\ .\ R
100 [N — e T e e
0
0 20000 40000 60000 80000 100000
K (kN/m?3)

Ox Grafigi (ETABS Programi, Non-Lineer Analiz) (Graphic of K - dx (ETABS, Non-Linear Analysis))
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E 600 8,= 49910K0/529
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Sekil 15. H/B=6.00 I¢in K-8x Grafigi (STA4CAD Lineer Analiz, ETABS Lineer ve Non-Lineer Analiz) (Graphic
of K-6x for H/B=6.00 (STA4CAD Linear Analysis, ETABS Linear and Non-Linear Analysis))

Diger H/B oranlarina benzer olarak, Sekil 15°te
H/B=6.00 igin K-dy iliskisi, STA4CAD programiyla
lineer analizinin ve ETABS programiyla lineer ve
non-lineer analizlerinin sonuglar1 ayr1 ayr1 verilmistir.
STA4CAD programu iist yapiy1 analiz ettikten sonra,
temel analizini ayrica yaptig1 i¢in sadece goreli kat
Otelenmelerini  dikkate  alarak  yatay  tepe
deplasmanlarini hesaplarken, ETABS programu {ist
yapiy1 temel ve zeminiyle birlikte analiz ettigi i¢in

goreli kat Otelenmelerine ek olarak, temelin
donmesinden kaynakli tepe deplasmanlarimi da
dikkate almaktadir. Dolayisi ile K=10000 kN/m? igin

STA4CAD programimin 100 mm olarak verdigi tepe

deplasmaninin, ETABS programinda yaklasik 5 kati

artarak, 500 mm oldugu goriilmektedir.

Sekil 16’da goriildiigli lizere, deprem esnasinda
temelde meydana gelecek farkli oturma neticesinde
temelin dondiigli ve buna bagl olarak iist yapinin da

ayni actyla dondigi ve goreli Gtelenmelerin
dolayisiyla taban egilme momentinin arttig1
goriilmektedir.

B
B2 | B2 . _7_77_| 7_;‘/51
| I T
dzt _ B ' |
| _ L
= | T
| FN‘F""I‘»?_W |: [
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Sekil 16. Bir Binanin Diiseyde Temel Dénmesine

Bagli Yatay Tepe Deplasmant (Horizontal Peak
Displacement Due to Vertical Rotation of a Building)

Tablo 2’de goriildiigii gibi binanin dar ydniinde
temelin A ve B noktalarindaki oturmalara
bakildiginda temelde bir donmenin oldugu, 6.00 metre
cephe i¢in oturma farkinin 74-29=45 mm ve
temeldeki donme egiminin 4.5/600=0.0075 oldugu,
36.00 m bina yiiksekligi i¢in 3600x0.0075=27 cm ek
bir tepe deplasmanina neden oldugu goriilmektedir.
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Tablo 2. Temelin A ve B Noktalarindaki Maksimum Diisey Deplasmanlari-ETABS Programi, Non-lineer P-0
Analizi (Vertical Displacements of Foundation at Point A and B with Respect to ETABS Nonlineer+P-6 Analysis)

Model

H/B K=5000 | K=10000 | K=20000 | K=50000 |K=100000
3 | (-13),(-47) | (-6),(-28) | (-2),(-17) | (-1),(-9) | (-1),(-7)
4 | (-17),(-59) | (-7),(-35) | (-3),(-22) | (-1),(-12) | (-1),(-8)
5
6

(-22), (-64) | (-8), (-42) | (-3),(-26) | (-1), (-15) | (-1),(-10)
(-29), (-74) | (-9), (-52) | (-4),(-31) | (-2), (-17) | (-1),(-12)

Tablo 3. Temel Dénmesinden Dolay1 Olusan Tepe Deplasmaninin Toplam Tepe Deplasmani igindeki Payi (Share
of Peak Displacement in Total Peak Displacement Due to Foundation Rotation)

Model H Sxn | 8= 61-62 B 0zt= 6;t/B | 8xe=(0tzt)XH | 8xt/Exn
cm (x100) cm cm cm (x100) () cm %

H/B=3
K=5000 18 10.92 3.35 6 0.00558 10.05 92
K=10000 18 7.77 2.22 6 0.00370 6.66 86
K=20000 18 5.75 1.44 6 0.00240 4.32 75
K=50000 18 4.23 0.84 6 0.00140 2.52 60
K=100000 18 3.52 0.55 6 0.00092 1.65 47
H/B=4
K=5000 24 18.02 421 6 0.00702 16.84 93
K=10000 24 12.87 2.83 6 0.00472 11.32 88
K=20000 24 9.44 1.87 6 0.00312 7.48 79
K=50000 24 6.81 1.08 6 0.00180 4.32 63
K=100000 24 5.74 0.73 6 0.00122 2.92 51
H/B=5
K=5000 30 34.58 6.61 6 0.01102 33.05 96
K=10000 30 18.95 3.39 6 0.00565 16.95 89
K=20000 30 13.89 2.26 6 0.00377 11.30 81
K=50000 30 9.92 1.32 6 0.00220 6.60 67
K=100000 30 8.29 0.89 6 0.00148 4.45 54
H/B=6
K=5000 36 61.76 9.87 6 0.01645 59.22 96
K=10000 36 38.20 5.86 6 0.00977 35.16 92
K=20000 36 19.89 2.74 6 0.00457 16.44 83
K=50000 36 13.90 1.58 6 0.00263 9.48 68
K=100000 36 11.49 1.07 6 0.00178 6.42 56

Bu tabloda;

H : Bina Yiiksekligi (cm)

OxN : Depremden Dolay1 X yoniinde Olusan Maksimum Tepe Deplasmant (cm)

Ot : Depremden Dolayt Z Yoniinde Temelde Olugsan Maksimum Diisey Deplasman (cm)

B : Bina Genisligi (cm)

Olzt : Temelin Dénmesinden Dolay1 Bina Tabaninda Olusan A¢i (°)

Oxt : Temelin Dénmesinden Dolay1 Tepede Olusan Yatay Deplasman (cm) _

Ox/0xn @ Temelin Dénmesinden Dolayr Tepede Olusturdugu Deplasmanin Toplam Deplasman Igindeki Pay1

Orani (%)
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GS = -1E-10K2 + 3E-05K + 1
RZ = 0,999 (H/B=3 icin)

Guvenlik Sayisi G/S
N
T T
S~ S~
¥ w
A W

0 20000 40000 60000 80000 100000 120000
Zemin Yatak Katsayisi K (kN/m3)

Sekil 17. K-GS Grafigi (Graphic of K-GS)

Sekil 17°de goriildiigii iizere, H/B oranmna nispeten yatak katsayisimn 10000 kN/m*’ten 10 kat artmasiyla
binanin 2.50 kat1 daha giivenli hale geldigi, farkli H/B oranlar1 igin giivenlik katsayisi egrileri benzerlik gosterdigi,
H/B=3 i¢in yatak katsayisiyla giivenlik say1s1 arasinda R? = 0.999 ile Denklem-1 bagintisinin oldugu goriilmistiir.

GS = -1E-10K2 + 3E-05K + 1 (1)
Tablo 4. K=10000 kN/m? ve Farkli H/B Oranlar1 i¢in Giivenlik Katsayilari (K=10000 kN/m® and Safety Factor For
Different H/B Ratios)
Model H IVldir Mdev GS
(m) (tm) (tm) Mdir/Mdev
H/B=3 18 2280.83 1810.18 1.26
H/B=4 24 3802.49 3172.45 1.20
H/B=5 30 4706.16 4127.62 114
H/B=6 36 5466.99 4981.12 1.10

Tablo 4’te K=10000 kN/m? igin ETABS programi non-lineer analiziyle direnen Mg;: ve deviren Mgey momentler
hesaplanmis ve giivenlik katsayilar1 verilmis olup, binanin H/B oraninin iki katina ¢ikmasi durumunda, devrilme
giivenlik katsayisinin yaklagik %15 azaldig1 goriilmektedir.

Tablo 5. Devrilen 4 Binanin Yiikseklik/Genislik Oranlari (Height / Width Ratio of 4 Overturned Buildings)

Bina No: Yiikseklik (H): Genislik (B): H/B orani
1 15.00 5.00 3.00
2 13.50 7.50 1.80
3 13.50 6.50 2.08
4 12.00 6.00 2.00
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Sekil 18. K=10000 kN/m? Zemini I¢in (H/B) - GS Grafigi (For K=10000 kN/m’ Soil Graphic of (H/B) — FS)

Sekil 18°de, K=10000 kN/m* ve H/B oranlar1 3, 4,
5 ve 6 olan modeller i¢in giivenlik katsayisi ile H/B
arasindaki iliskiyi gosteren lineer bagmti Denklem
2’de verilmistir.

GS =-0.054(H/B) + 1.418 )

Ayrica Sekil 3,5,7 ve 9’da 1999 Adapazari
depreminde devrilen 4 adet binanin H/B oranlarina
baglt GS degerleri Sekil 18’de gosterilmistir. H/B
oraninin arttik¢a giivenlik sayisinin azaldigi, devrilen
binalarin giivenlik sayilarinin 1.26 ile 1.32 arasinda
oldugu goriilmiistiir. Giivenlik sayisinin 1’den biiylik
olmasimma ragmen binalarin depremde devrilmis
olmasinin  nedenlerinden  birincisinin  binanin
egilmesiyle birlikte bina agirlik merkezinin binanin
taban geometrik ortasindan topuk noktasina dogru
Otelenmesi ve ikincisinin de zeminin elastik
davranigtan plastik davraniga ge¢mesi (sivilagsma)
neticesinde binalardaki topuk noktasinin binalarin
agirlik merkezine dogru otelenmesinden oldugu
diisiiniilmektedir.

4. SONUC ve ONERILER (CONCLUSION and
SUGGESTION)

Bu c¢alisma ile belediyelerin imar sube ve
mudirliklerince binalarin kat adedi belirlenirken,
bina, dolayist ile parsel genisliklerine ve zemin yatak
katsayilarina ¢ok dikkat etmeleri gerektigi ortaya
konmustur. Eski Imar Yonetmeligine gore verilen
6.00 metre olarak verilen minimum cephe
genisliginin, yiiriirliikteki Imar Yé&netmeliginde 10 kat
ve lizeri yapilar icin 12.00 metre olarak degistirilmis
olup, bu imar Yonetmeligine gore yapilacak 10 kat ve
iizerindeki yapilarin H/B oranmmin 3 ve {izeri
olabileceginden bahisle, bu yapilarda temeliye birlikte

toptan devrilme riskinin hala tagindig1 goriilmektedir.
Bu riskin ortadan kaldirilabilmesi i¢in bina
genisliklerine gore bina yiiksekliklerine
sinirlandirilma  getirilmesi  Onerilmektedir. Ayrica
mevcut bina analiz ydntemlerinde, iist yap1 analiz
edilerek, taban etkileri altinda temel hesabinin
yapiliyor olmasi, temeldeki deformasyonlardan {ist
yapmnin etkilenmedigi gibi bir yanlis uygulamaya
dikkat ¢ekmek admna iist yapi1 ve temelin birlikte
analizi yapilmis ve temel tabanindaki farkli taban
basincindan  kaynakli meydana gelen farkli
oturmalarin {ist yapiya etkisi de gdz oniine alinmustir.
Temelde farkli oturma ve donmelerin meydana
gelmesi, temel hesabi yapilirken zeminin ¢ekme
almadan modellenmesi gerektigini ortaya koyarak,
tepe deplasmanlarinin da asir1 biiylimesine neden
oldugunu gostermistir. Ayrica, zeminin plastik
davrandigi ve temelin rijit plak olmadigi, bir tarafi
otururken diger tarafinda kalkarak zeminden
ayrilabilecegi de dikkate alinarak binanin tepe
deplasmanlar1 ve devrilmeye karst giivenlik
katsayilari ayr1 ayri karsilagtirilmistir.

Burada bina yiiksekligi arttikca ve zemin yatak
katsayis1 azaldik¢a binanin devrilme riskinin biiyiik
oranda arttig1 goriilmiistiir. Binanin H/B oraninin iki
katina ¢ikmasi durumunda, devrilme giivenlik
katsayisinin yaklasik %15 azalirken, zemin yatak
katsayisinin - 100.000 kN/m*’ten  10.000 kN/m3’e
inmesiyle binanin 2.50 kat1 daha giivensiz hale geldigi
gOriilmistiir.

Bu ¢alismada devrilmeye karsi %26 ve %32 daha
giivenli olan Adapazar1 depreminde devrilen 6rnek
binalara bakildiginda, analizlerde temelde topuk
donme noktasinin gergek yeri ve binanin egilmesi ile
degisen agirlik merkezinin yeri tam olarak
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belirlenemedigi i¢in devrilmeye karsi giivenlik
katsayisinin 1.50 ve iizeri bir degerde olmasi gerektigi
ortaya konulmustur.

Ayrica bitisik nizam binalarin  tasariminda,
standartlarca 6ngoriilen dilatasyon dlciileri verilirken,
sadece iist yapida gozlenecek goreli Gtelenmelerin
dikkate alinarak belirlendigi, ancak tistyapinin temel
ve zeminle birlikte analiz edildiginde, temelde farkli
oturmalar neticesinde egilmenin meydana geldigi
goriilmiis ve bu egilme neticesinde Gtelenmelerin
standartlarda belirtilen dilatasyon ol¢iilerinin 10
katindan daha fazla oldugu, dolayisiyla dosemeleri
farkli seviyelerde olan komsu binalar arasinda
cekicleme etkisinin kacinilmaz oldugu goriilmiistiir.
Bu bakimdan ¢ekigleme etkisinin 6nlenebilmesi igin
binalarin referans kotu (plankote) olan +0.00 kotunun,
parsel bazinda degil de ada bazinda verilmesi ve kat
yiiksekliklerinin ~ esit tutulmasi  biliyik 6nem
tasiyacaktir. Ilgili idareler, binalarin kac kathi veya
yiiksekliginin ka¢ metre olacagini belirlerken, cephe
genisliklerini ve zemin smifin1 dikkate alarak,
binalarin devrilme tahkiki kontrollerini istemeleri
gerekmektedir.

Sevli araziler iizerine yapilacak dar cepheli ve
devrilme riski yiiksek binalarda, temel tabaninin az
kazilmis ve cok kazilmis olmasit nedeniyle ayni
temelin farkli tasima kapasiteli zeminlere oturmasi
sebebiyle, yukarida arz edilene benzer sekilde temelde
donmelere neden olarak binada egilme ve hatta
devrilmelere sebebiyet verebilecektir.

Bu calismaya ek olarak, 2019’da yiiriirliige giren
Tiirkiye Bina Deprem Yonetmeligi (TBDY-2018)
dogrultusunda, devrilme riskini arttiracag diisliniilen
diisey deprem yiikleri de dikkate alinarak, devrilme
tahkiklerinin yeniden yapilmasi biiyilk onem arz
etmektedir.
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