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ABSTRACT: An automated computer aided diagnosis system has been proposed for detection of
microcalcification (MC) clusters in mammograms. The proposed system is a whole system including
suspicious regions identification, MCs detection, false positive reduction and benign/malign
classification. For classification of suspicious microcalcification regions, a multilayer perceptron (MLP)
neural network was used with grey level co-occurrence matrix (GLCM) and statistical features. Then to
decrease the false positive classification ratio, we used cascade correlation neural network (CCNN) with
grey level run length matrix (GLRLM) features. In the last step, hybrid form of discriminant analysis and
support vector machine (SVM) methods were used with GLRLM features for benign/malign
classification of detected MC clusters. The open access Mammographic Image Analysis Society (MIAS)
database was used for the study. Experimental results show that the proposed algorithm obtained 86%
sensitivity, 98.3% specificity and 1.163 FPpl rates for detection an for diagnosis of breast cancer, the
obtained sensitivity and specificity values are 100% and 100% respectively. Despite the vision difficulty
of MC clusters, the novel system provides very satisfactory results. Furthermore, the developed system
is fully automatic whole system which gives outputs as percentages and transformed assessment
categories.

Key Words: Breast cancer, Computer aided diagnosis, Cascade correlation neural network (CCNN), Grey level co-
occurrence matrix (GLCM), Grey level run length matrix (GLRLM), Mammograms.

Mamografide Meme Mikrokalsifikasyonlar1 i¢cin Otomatik Bilgisayar Destekli Tespit (CADe) ve
Tan1 (CADx) Sistemi

0Z: Mamografide mikrokalsifikasyon (MC) kiimelerinin saptanmast igin otomatik bir bilgisayar destekli
tant sistemi onerilmistir. Onerilen sistem siipheli bolgelerin tanimlanmasi, MC'lerin tespiti, yanls pozitif
indirgeme ve iyi huylu/kétii huylu siniflamay igeren biitiin bir sistemdir. Slipheli mikrokalsifikasyon
bolgelerinin siniflandirilmas: igin, gri seviye es-olusum matrisi (GLCM) ve istatistiksel 6zellikler ile gok
tabakali bir perceptron (MLP) sinir ag1 kullamildi. Daha sonra, yanlis pozitif siniflandirma oranini
azaltmak icin, gri seviye calisma uzunlugu matrisi (GLRLM) o6zellikli kademeli korelasyon sinir ag1
(CCNN) kullarlmustir. Son adimda, tespit edilen MC kiimelerinin iyi huylu/kétii huylu siiflandirmas:
icin GLRLM ozellikleri ile hibrid yapida diskriminant analizi ve destek vektor makinesi (SVM)
yontemleri kullanildi. Calisma igin agik erisimli Mamografik Gortintii Analizi Dernegi (MIAS) veri
tabani kullanulmistir. Deneysel sonuglar, onerilen algoritmanin meme kanseri tespiti icin %86 duyarllik,
%98.3 ozgiilliik ve 1.163 FPpl oranlar elde ettigini ve meme kanseri tanisi icin elde edilen duyarlilik ve
ozgiillilkk degerlerinin sirasiyla %100 ve %100 oldugunu ortaya koymustur. MC kiimelenmelerinin
gorme zorlugu olsa da, onerilen sistem ¢ok tatmin edici sonuglar vermektedir. Bununla birlikte, gelismis
sistem; ciktilar yiizdeler ve doniistiiriilmiis degerlendirme kategorileri olarak veren tam otomatik bir
biitiin sistemdir.
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Anahtar Kelimeler: Meme kanseri, Bilgisayar destekli tani, Kademeli korelasyon sinir ag1 (CCNN), Gri seviye es-
olusu matrisi (GLCM), Gri seviye calisma uzunlugu matrisi (GLRLM), Mamografi.

INTRODUCTION

Breast cancer is the leading cancer in women, including 25% of all cancer cases (Stewart et al., 2014).
Early diagnosis is very important for survival rate. Microcalcifications (MCs) are one of the most
important abnormalities and can be defined as an early sign of breast cancer (Cheng et al., 2006). MCs
are the calcium stores in the breast tissue and their sizes change between 0.1 mm and 1 mm. Detection of
MCs is a complex work because they appear as thin and bright spots. However, about 10% - 40% of MC
clusters are missed by radiologists because of their small sizes (Bird et al., 1992). Detection of them can
increase the treatment options and survival rates. Therefore, computer-aided detection/diagnosis (CAD)
systems are developed to assist radiologists to interpret and diagnose mammograms.

(Martins et al., 2006) extracted the grey level co-occurrence matrix (GLCM) features such as contrast,
homogeneity, inverse difference moment, entropy and energy texture features for classification of
suspicious MC regions. Then, these regions were classified as normal, benign and malign using Bayesian
neural network (BNN). But the success of benign classification result is low.

(Phadke et al., 2013) presented an approach for detection and classification of microcalcifications in
digital mammograms. Region of interest (ROI) has been cropped from the original mammogram
manually. Then the detection of microcalcifications has been achieved by wavelet transform.
Classification of microcalcifications into benign and malignant classes has been implemented using
wavelet features and two types of classifiers, support vector machine and artificial neural network
classifier. A set of 52 images is used from MIAS database where in 26 images are normal, 26 images are
microcalcified. Out of 26 abnormal images 15 are having benign microcalcifications and 11 are having
malignant microcalcifications. 79.58% and 99.04% accuracy values have been obtained for SVM and
ANN methods respectively to detect MCs. The accuracy of classification of benign and malignant
microcalcification using SVM was 69% and that using ANN is 96%.

Association rule-based classification method with GLCM features were used in another approach for
detection of MC clusters (Herwanto et al., 2013). Here; contrast, correlation, energy, homogeneity and
mean, median, variance, skewness, kurtosis features were extracted as GLCM texture features and
statistical features respectively. Then, the limit values of these features were defined by association rules
for classification.

(Jelvehfard et al, 2013) used two-dimensional wavelet transform to extract features of suspicious MC
regions in different sizes and then the classification process was implemented by the support vector
machine (SVM) method, For detection of MC clusters, mathematical morphology and artificial neural
network (ANN) methods were implemented by (Halkiotis et al., 2007). In the study (Jasmine et al., 2009),
features were defined by wavelet transform for suspicious MC regions. However, the number of features
was too much, and then energy values of wavelet coefficients were computed to reduce that number. For
classification process ANN was implemented. (Pal et al., 2008) extracted 24 features which were mean,
variance, average power, kurtosis, skewness, contrast, etc. and used ANN for the classification process.
Consequently, due to the successful description of MC clusters, textural and statistical features are
usually preferred for feature extraction. For classification of suspicious MC regions, ANN and SVM
methods are widely used.

(Vivona et al., 2014) presented a clustering method for microcalcifications based on fuzzy logic
which was called Fuzzy C-Mean with features (FCM-WF). They used shape and grey level based
features. The FCM-WF method has been tested on 20 images belonging to MIAS database and obtained
82% sensitivity with 4% FP/Im. Another automatic microcalcification detection method based on type II
fuzzy index was proposed by (Mohanalin et al., 2010). The thresholding was performed using the Tsallis
entropy characterized by a parameter 4. They proposed type II fuzzy index to find the optimal value of
g. They obtained 93.75% sensitivity with 0.52 Fppl on 23 abnormal (MC) and 18 normal mammograms
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from MIAS database. (Diaz-Huerta et al, 2014) applied a morphological algorithm and extended
maxima thresholding as a preprocessing step for detection of MCs. Then spatial, spectral and textural
features were extracted and classified by SVM. The obtained performance results were 86.6% sensitivity,
84.36 specificity and 1.77 Fppl on 22 MC abnormal mammograms from MIAS database. Furthermore,
they tested their system on 45 normal mammograms and obtained 0.71 Fppl rate.

(Dheeba et al, 2014) presented detection of breast cancer abnormalities such as masses and
microcalcifications. They used laws texture energy measure and particle swarm optimized wavelet
neural network (PSOWNN) methods for extracting features and classification respectively. The AUC
value of the proposed algorithm is 0.969 with a sensitivity 94.167% of and specificity of 92.105% for 216
malign abnormal mammograms. 24 mammograms of 216 include malign microcalcifications while the
remaining includes malign masses. In another study, to detect MC clusters cascade-based (CasCADe)
approach was used (Bria et al., 2014). The proposed CasCADe system consists of a preprocessing stage,
an initial detection stage and a classification stage in which the number of false positive detected clusters
is reduced. The detection performance of CasCADe was compared with the one of the commercial
CADe systems, the Hologic R2CAD ImageChecker. They have mentioned that the results are a bit better
than R2CAD. (Rizzi et al., 2012) presented the various methods adopted for microcalcification cluster
detection and compares their performance. They have defined that comparisons of CAD method
performance are very difficult and even impossible due to the use of different databases for testing. In
addition to these, a CAD system with a low specificity value leads to many false positives with
subsequent psychological stress experienced by patients in clinical application. In contrast, a low
sensitivity leads to false negatives, which produce false reassurance associated with cancer detection at a
more advanced stage when more intensive treatments are required. Therefore, they have proposed that
studies should take into account the integration of various classifiers for FP and FN reduction.

(Zyout et al., 2015) mentioned that the high number of false positives and the resulting number of
avoidable breast biopsies are the major problems faced by current mammography computer aided
detection (CAD) systems. Furthermore, they have emphasized that false positive reduction is not only a
requirement for mass but also for calcification CAD systems which are currently deployed for clinical
use. Therefore, they focused on reducing the number of false positives in the detection of all lesions and
masses. With this aim, textural patterns of breast tissue have been analyzed using several multi-scale
textural descriptors based on wavelet and gray level co-occurrence matrix. Then a model selection
procedure based on particle swarm optimization (PSO) for selecting the most discriminative textural
features and for strengthening the generalization capacity of the supervised learning stage based on a
support vector machine (SVM) classifier have been implemented. As a result, they have mentioned that
the proposed PSO based model selection is a versatile tool for solving false positive reduction problem
adequately.

(Sabu et al., 2012) have discussed various methods of texture analysis for mass detection and micro
calcification in mammography. They observed various texture analysis approaches such as GLCM,
GLRLM etc. for the detection of masses and micro calcification in mammography and identified the
texture features obtained from each texture descriptor. As a result, it has been proposed that texture
analysis can help to identify the disease pattern of breast cancer in mammography.

(Thangavel et al., 2009) proposed a rule based system for classification of microcalcifications. Shape
features were extracted and with these feature values association rules have been constructed. For rule
construction, a novel multi-dimensional genetic association rule miner (MGARM) algorithm was used.
The proposed approach reached the classification accuracy of 85.26% on MIAS database.

(Karahaliou et al., 2007) analysed a case sample of 100 biopsy-proved MC clusters (46 benign, 54
malignant) from 85 dense mammographic images, included in the Digital Database for Screening
Mammography. MCs were segmented from original ROI images by local thresholding after wavelet
based enhancement. Four categories of textural features (first order statistics, co-occurrence matrices
features, run length matrices features and Laws' texture energy measures) were extracted from tissue
area surrounding MCs. The ability of each feature category in discriminating malignant from benign
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tissue was investigated using a k-nearest neighbour (KNN) classifier. The proposed approach had a
sensitivity of 94.4% and specificity of 80.0%.

(Mohamed et al., 2014) have implemented Otsu’s thresholding based segmentation after
enhancement step for the identification of microcalcifications and mass lesions. After that, they classified
these ROIs between normal and microcalcifications” patterns and then classified between benign and
malignant microcalcifications. In classification stage; three methods were used, the voting K-nearest
neighbor classifier (KNN) with prediction accuracy of 73%, SVM classifier with prediction accuracy of
83%, and ANN classifier with prediction accuracy of 77%. For the study, 97 normal and 84 abnormal (23
of them were MCs) mammograms were used from MIAS database.

(Strange et al., 2014) presented classification of microcalcification clusters by representing discrete
mereotopological relations between the individual microcalcifications over a range of scales in the form
of a mereotopological barcode. For this aim, manually selected ROI images were used and
microcalcification clusters were segmented by binary image conversion. The mereotopological barcode
was used to represent the persistent mereotopology of a microcalcification cluster. Classification these
mereotopological barcodes have been performed by employing a nearest neighbour based strategy
between a test barcode and the set of all training barcodes using the above metric as the distance metric.
Classification accuracies of 95% and 80% were achieved on the MIAS and DDSM datasets, respectively.
For the MIAS dataset, 9 malignant and 11 benign clusters were tested.

(Suba et al., 2015) used dual tree m-band wavelet transform (DTMBWT) to represent the digital
mammogram in a multiresolution manner for feature extraction. After selecting ROI manually,
DTMBWT transform has been applied and the extracted sub band energies from DTMBWT decomposed
mammograms were used as distinguishable features for the classification of MCs into either malignant
or benign by SVM classifier. The results show that the proposed DTMBWT based classification system
achieved 91.83% accuracy on MIAS database images.

In the proposed system, firstly breast region segmentation and enhancement processes have been
implemented as a preprocessing step. After that suspicious MC regions have been segmented by using
Otsu’s N thresholding method. For detection of MC clusters, some GLCM textural and statistical
features have been extracted and classified with a multilayer perceptron (MLP) neural network. Then, to
reduce the number of false positive regions, grey level run length matrix (GLRLM) features and cascade
correlation neural network (CCNN) have been used.

In our previous study (Kurt et al., 2015), which is a pre study of this paper, enhancement and
segmentation processes were implemented. Suspicious MC pixels have been segmented using Otsu’s N
thresholding and connected component labeling methods. In this paper, we have defined MC ROIs
using segmented suspicious pixels from the previous study, then detected MC clusters and finally
classified detected MC clusters into benign or malign automatically. Thus, an automatic CAD system for
MCs has been developed for breast cancer.

As shown in Figure 1, an automated whole CAD system for MC clusters has been proposed.
Enhancement and segmentation processes were implemented in our previous study (Kurt et al., 2015) as
mentioned before. Identification of MC ROlIs is given in the following section.
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Figure 1.  The scheme of the proposed system (Mdb219, biopsy result is benign)
IDENTIFICATION OF MC ROIS

In this section, we have used the output results of our previous study (Kurt et al., 2015). The outputs
of our previous study are given step by step in Figure 2.

Mdb219

Mdb253

(a) (b) (© (d) (e)
Figure 2.  (a) Original mammogram (b) segmented and enhanced mammogram (c) Otsu’s N=3
thresholding (d) dilation (e) suspicious MC pixels

As shown in Figure 2, the pectoral muscle regions were extracted despite of their different sizes.
However, for some mammograms segmentation process of suspicious MC pixels is not very efficient
such as Mdb253 due to their dense glandular breast tissue types. Despite this, for dense glandular
mammograms, MC clusters can also be detected successfully by the proposed classification methods
which are given in the next section.

After segmentation of suspicious MC pixels, we scanned these pixels by a 50x50 sized window with
half of the window size intervals. Thus, we identified suspicious regions of MC clusters which were
called MC ROIs as given in Figure 3.

Mdb219 Mdb253
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(a) (b) (a) (b)
Figure 3.  (a) Original mammogram (b) identified MC ROIs

As shown in Figure 3, the segmentation result for Mdb253 is not so efficient because of the quite
dense breast tissue. Therefore, the number of ROIs for Mdb253 is greater than the number of ROIs for
Mdb219. Thus, we identified MC ROlIs, and then analyzed each ROI to detect MC clusters.

DETECTION OF MC CLUSTERS

In this section, we focused on MC ROlIs for detection of MC clusters. The detection process was
examined in two parts as classification of MC ROIs and FP reduction.

Classification of MC ROIs

In this study, to classify MC ROIs, we used some texture and statistical features with MLP neural
network. Cluster prominence, energy, contrast, information measure of correlation and inverse
difference moment normalized features were extracted as GLCM texture features. Mean, variance,
skewness and kurtosis features were extracted as statistical features. As a result, we have obtained 9
features for each ROL

The GLCM represents the second order statistical texture features and first presented by (Haralick et
al.,, 1973). It can be computed in four directions (0°, 45°, 90°, and 145°) and four distances (1, 2, 3, and 4).
GLCM is a MxN size matrix where M and N are equal to the number of gray levels, G, in the image
(Albregsten, 2008). P (i, j | d, ©) represents the matrix element which is simply the sum of the number of
times that the pixel with value i occurred in the specified spatial relationship to a pixel with value j in
the input image. Spatial relationship is defined with a displacement distance d and an angle ().

As an example of 5x5 image with 4 gray levels and its corresponding gray level co-occurrence matrix
P(i, j | Ad=1, A6=0) is given in Figure 4.

IMAGE ij:1.0

011

2|

3 j=0 1 2 3

ojo

[
[

3 i=0 | /20| 220 | 120 0

01

2|
2|

3 1 0 1/20 | 3/20 0

(=)

1123 2 2 0 0 3720 3120

20213 )3(2 3 0 0 220 2120

Figure4. GLCM matrix example for a 5x5 image

In GLCM; each combination of (d, ©) needs a lot of temporary data and memory (Albregsten, 2008).
In this study, we have taken d=1 and 6=0° to compute the co-occurrence matrix using consecutive pixels
in zero direction to define the ROI texture and to reduce the computation complexity. To describe GLCM
features some notations are used as in the following:

P =30 PG)) B() = S5 P(L)) (1)
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In mathematics, moment is a quantitative measure related with the shape of a series of dots.
According to this; first, second, third and fourth moments give the mean, variance, skewness and kurtosis
respectively.

For classification, we have developed a MLP neural network model with STATISTICA12 ©StatSoft
which was trained using BFGS (Broyden, Fletcher, Goldfarb and Shanno) (Dennis et al., 1996) training
algorithm. BFGS algorithm is a fast, efficient learning algorithm based on the second order Newton
optimization methods and is an iterative method for solving unconstrained nonlinear optimization
problems. BFGS methods do not need to converge unless the function has a quadratic Taylor
expansion near an optimum and use both the first and second derivatives of the function. However, BEGS
has proven to have good performance even for non-smooth optimizations (Nocedal et al., 2006). The
network was trained by Statistical2©StatSoft and validated using 10 fold cross-validation.

In this study for classification of Mc ROlIs, the numbers of neurons of the developed ANN are 9, 21
and 2 for input, hidden and output layers respectively. Furthermore, the results of the training
performance for the developed ANN are given in Table 1.

Table 1. Training performance of the developed ANN for classification of MC ROlIs

ANN
MC ROIs Normal ROIs All
Total 20 213 233
Correct 20 213 233
Incorrect 0 0 0
Training %100 %100 %100
Performance

As seen in Table 1, we can say that the training process has been implemented successfully for
classification of MC ROlIs. Thus, we obtained regions of MC clusters. But some overlapped windows
have been seen and to overcome this problem we have developed a box merge algorithm. According to


http://en.wikipedia.org/wiki/Artificial_neural_network
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this algorithm, if the distance between two windows is equal or smaller than the half size of window
then we decide that they are overlapped windows. From these overlapped windows, the window which
has the maximum number of suspicious pixels is selected. By the proposed box merging algorithm, the
overlapped detections are reduced. Furthermore, we enlarged the detected window, 15 pixels in four
directions to enclose scattered MC clusters and we have obtained the new window size as 80x80. Thus,
detection of MC clusters process is completed. The detection results of the proposed algorithm are given
in Figure 5.

Mdb219 Mdb240 Mdb238 Mdb253

(b)

Figure 5.  (a) Original mammograms (b) The detection results for the proposed algorithm

As seen in Figure 5, the number of FP regions is a bit much because of the difficulty of the problem
such as structures of MC clusters and different tissue types. Therefore, we proposed a FP reduction
algorithm to reduce the number of FP regions.

False Positive Reduction

In this study, FP regions represent the regions that do not contain MC clusters but they are detected
as regions of MC clusters. Thus, high FP rate is a problem for computer aided detection and diagnosis
systems because of decreasing the accuracy. Therefore, we have implemented feature extraction and
classification steps for FP reduction process. For this purpose, we have used statistical and GLRLM
features with cascade correlation neural network (CCNN) method.

Grey level run length matrix (GLRLM)

GLRLM is a matrix which extracts texture characteristics for texture analysis. Texture can be
understood as gray level pixel pattern in a specific direction from the reference pixel. The array length is
the number of neighboring pixels with the same gray level values in a specific direction (Mohanty et al.,
2011).

Texture properties can be determined by using the neighbor pixels which have the same gray level.
Neighboring pixels lengthily with the same grey level, represents thick line rough texture. On the other
hand, fewer neighboring pixels with the same grey level, represents finer texture and rapid changes
(Ergen et al., 2011). If GLRLM represented by P, P(i, j) is the value of i the value of certain specified
positional relationship with the j value indicates how many times combined. This can be explained as
follows, P(i, j) indicates the number of times that the gray level i occurs in length .
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This definition angularly can be carried out for different aspects such as 0 °, 45 °, 90 ©, 135 ° and the
most common use including descriptions made in the horizontal direction. GLRL method is based on the
calculation of the number of gray levels of different lengths.

As an example of 6x6 image with 3 gray levels and its corresponding GLRL matrix P(i, j | ©=0) is

given in Figure 6.
run length G)

Image pa.J:0)
~ ~ i1 2 3 4 5 6
gray level () i

11
3311

112311 1 1 8 0 0 0 0
312211

113222 2 2 1 0 0 0
2311

~ ~ 3 K 0o o o o

Figure 6. GLRL matrix example for a 6x6 image

A gray level length is a linear neighboring pixels’ array having the same gray level value. Length is the
number of pixels in the gray level array (Ergen et al., 2011).

For FP reduction we used some GLRLM features (Radhakrishnan et al., 2012; Xu et al., 2004) such as
short run emphasis (SRE), long run emphasis (LRE), run length non-uniformity (RLNU) and run
percentage (RPC). Furthermore, we extracted skewness, variance as statistical features and homogeneity
as a GLCM feature. As a result, we have obtained 7 features for FP reduction process. After that, we
used CCNN method for classification.

Cascade correlation neural network (CCNN)

CCNN was first developed by Fahlman and Libiere (Fahlman et al.,, 1990) in 1990 and is
characterized as a constructive learning rule. CC is a productive and supervised feedforward learning
architecture. CC starts with a minimal network structure to consist of input and output layer, then train
and automatically creates multi-layered network structure by adding individual elements of the hidden
layer (Sharma et al., 2014). CCNN is first trained with appropriate learning data. The educational
training procedure is terminated when a significant reduction occurs in the approximation error or a
certain iteration number is reached. The obtained weights are frozen (Gao et al., 2009). The architecture of
the CCNN is given in Appendices Al.

All inputs and outputs are connected to each other with an adjustable weight value wi. Also, there is a
deviation input which is taken as a constant value +1 (Kovalishyn et al., 1998). Training algorithm starts
without hidden neurons and hidden neurons are individually added to the network. Each added hidden
neuron receives a connection from the original input and existing hidden neurons of the network. Input
weights of each hidden neuron are frozen after being added to the network. So, each new neuron adds a
new neuron layer to the network. Output connections are retrained after a new hidden neuron is added.

It can learn 10 times faster than the standard feedback algorithms (Sharma et al., 2014). Network, can
decide its size and topology. It is an incremental learning and is useful for adding new information to
already trained network.

CCNN Training Algorithm:

Step 1. Starts the CCN network that consists of only input and output layers.

Step 2. All input neurons are connected to the output neurons with adjustable weights. Each input neuron
value is multiplied by its own weight and the sum of input weight value of all input neurons is
calculated. Then the weighted input sum is sent to the output neurons with the deviation value
(+1).

Step 3. Candidate unit is formed which takes connections from each input unit and hidden units. Initially,
there are no connection and weights between candidate and output units.
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Connections to the each candidate unit are trained with the selected standard learning algorithm
to to maximize the network error (residual error) and the correlation between the activation of
candidate units. The purpose of this setting is to maximize the S (the sum over all output units o)
(Chandra et al., 2007). S can be defined as follows:

S =Zo|Zp(V, = V)(Epo — Eo)| €)

Where o, output neuron; p, training sample; Vp, candidate output for training sample p; E,, ,, error
of the output neuron o. In addition to these, V and E, show the averages of the all training samples
of V, and E, , respectively. Partial derivative of S can be calculated using the following formula to
maximize S, according to the coming weights from each candidate neuron.

ad =\ 1
% = 30,(Epo — Eo)filip (10)

6Wl'

Here o, shows the correlation between candidate neuron o, and output neuron. f}, represents the
derivative for p sample according to the sum of input values of activation function of candidate
unit and [, is the input where candidate unit takes from i unit for sample p. After calculating
0S/ dw; for each incoming connection, gradient output is applied. Only one layer of weights is
trained. If there is no improvement in S or a predefined number of iteration is reached, the process
is stopped.
Candidate unit joins to the network and the input weights are frozen.

To change the candidate unit as the hidden neuron, connection between candidate unit and all
output units is formed.
If the trained example is not learned by acceptable error value, then go to Step 2. Otherwise, the
training process for that sample is completed.

The network was trained by DTREG software and validated using 10 fold cross-validation. The
training performance results of the developed CCNN models are given in Appendices Al and A2.

As seen in Appendix, CCNN_1 gives the best performance result and it uses the Gauss kernel
function. Therefore, we used the CCNN_1 model for the classification process to reduce the FP regions.
The results of some mammograms are given in Figure 7.

As seen in Figure 7, FP regions have been reduced successfully which provides quite satisfactory
results for detection of MC clusters. Furthermore, despite the difficulty of dense breast types, the
proposed detection algorithm gives successful results.
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©
Figure 7.  (a) Original mammograms (b) The detection results (c) FP reduction result

CLASSIFICATION OF DETECTED MC CLUSTERS INTO BENIGN OR MALIGN

Calcifications are defined as calcium deposits in breast tissue. Benign calcifications are usually larger
and coarser with round and smooth contours. While malignant calcifications tend to be numerous,
clustered, small, varying in size and shape, angular, irregularly shaped and branching in orientation.

In this section, we have focused on detected MC clusters in the previous part and tried to classify
them into benign or malign. For this aim, feature extraction and classification processes have been
implemented. To define MC clusters skewness, contrast, mean, homogeneity, LRE, LGRE, HGRE, SRHGE
and RPC features were extracted. The formulas and explanations for these features are given in
Appendices A2 and A3.

For classification, discriminant analysis (DA) and SVM methods have been implemented. The
training processes for the proposed methods have been performed by DTREG software and validated
using 10 fold cross-validation.

There are 13 benign and 15 malign MC clusters in MIAS database. The training performance results
for the proposed methods are given in Table 2.

As seen in Table 2, the training performance results of DA and SVM_RBF kernel models are same and
better than SVM_Sigmoid kernel model. Therefore, these models were selected and tested on the test
samples.

For MC cluster, deciding as benign or malign absolutely is almost impossible without biopsy.
Therefore, the classification results of benign or malign have been given as probabilistic values in this
study. Thus, unlike similar studies in literature which have given definite results as benign or malign, the
proposed system has given more reliable and accurate results by using probabilistic approach. The
classification results of some test examples for the DA and SVM_RBF kernel models are given in Table 3.
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Table 2. Training performances of the developed models for benign/malign classification

DA SVM_RBF Kernel SVM_Sigmoid Kernel
Benign Malign All Benign Malign All Benign Malign All
Total 8 9 17 8 9 17 8 9 17
Correct 7 8 15 7 8 15 6 8 14
Incorrect 1 1 2 1 1 2 2 1 3
Traini
ratning %875  %88.88  %88.23  %S87.5 %88.88  %88.23 %75 %88.88  %82.35
Performance

Table 3. Classification results of some test examples for the DA and SVM_RBF kernel models

MC Cluster DA Model SVM_RBF Kernel Model Biopsy Result
Region Result Probability Result Probability (from MIAS Database)
1 Malign 70% Benign 68% Malign
2 Benign 64% Benign 75% Benign
3 Benign 81% Benign 70% Benign
4 Benign 57% Malign 56% Benign
5 Malign 88% Malign 84% Malign
6 Malign 69% Malign 94% Malign

As shown in Table 3, if the results of proposed models are same, the results are correct but if not, the
DA model result is correct based on the biopsy results. According to these results, a decision algorithm
has been developed by using voting model as given in Figure 8.

As given in Figure 8, a weighted voting approach has been used for decision. If the outputs of the
developed models are the same, the system output is equal to them and the probability of the output is (2
*DA probability +SVM probability) / 3. However, if the outputs are different, the system output is taken
as the DA_Result and the probability of the output is equal to the DA probability.

.

1 Detected MC Cluster Region
o

| Feature Extraction

[

DA Model SVM_RBF kernel Model

[ ClassificationResults ]

DA Result=

SVM_Result

Output=DA_Result
Probability=DA_Probability

Output=DA_Result=SVM_Result
Probability=(2*DA_Probaility~SVM Probability)3

Figure 8.  The developed algorithm for classification of MC Cluster into benign or malign
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TRANSFORMATION BASED ON BI-RADS ASSESSMENT CATEGORIES

The American College of Radiology (ACR) came up with a standard way to describe mammogram
findings and results (The American College of Radiology, 2013). In this system, the results are sorted into
categories numbered 0 through 6. This system is called the Breast Imaging Reporting and Data
System (BI-RADS). The BI-RADS assessment is given in Appendices A4.

The probabilistic results of the proposed system have been transformed to categories based on BI-
RADS assessment categories which are called proposed system BI-RADS categories (PS_BI-RADS). For
this aim, the distributions of probability values of benign and malign MCs have been used which are
given with the following graphics in Appendices A5.

We have computed mean probabilities for both distributions and used them as thresholds between
categories. The mean values of the distrubitions of benign and malign probabilities are 72% and 75%
respectively. The transformation table for the proposed study based on the BI-RADS assessment
categories is shown in Table 4.

Table 4. The PS_BI-RADS tranformation table based on BI-RADS assessment categories

PS_BI-RADS A PS_BI-RAD

S_ S Assessment 5. . S The Proposed System Result

Category Numeric Code

Benign 2 72%< Benign
Probably Benign 3 <=72% Benign
Suspicious 4 <=75% Malign
Highl ive of

ighly Suggestive o 5 75%< and <=95% Malign
Malignancy
Kno-wn Biopsy-Proven 6 95%< Malign
Malignancy

As seen in Table 4, the transform categories started from numeric code 2 due to defining the benign or
malign situation of the abnormality. The mean probability values have been used as thresholds for benign
and malign categories. Furthermore, the probability for category 6 has been taken as greater than 95% (the
top %5 part which is between 95% and 100%) based on the significance level probability value 5% in
statistics. Thus, we have presented a novel approach by the proposed assessment category which has
never been used in literature before.

The breast cancer diagnosis results for the detected MC clusters of some mammograms are given in
Figure 9.

Mdb219 Mdb240

System result=68% Benign
Biopsy result-Benign

System result=75% Benign
Biopsy result-Benign

:

PS_BI-RADS 2

PS_BI-RADS 3

Mdb238 Mdb253

System result=78% Malign
Biopsy result-Malign
System result=80% Malign
Biopsy result-Malign

-

PS_BI-RADS 5 PS_BI-RADS 5

Figure 9.  The proposed algorithm results of some mammograms for breast cancer diagnosis (original
mammogram, the proposed system detection result and the proposed system breast cancer diagnosis result)
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EXPERIMENTAL RESULTS

For the study, an open access Mammographic Image Analysis Society (MIAS) database (University of
Essec, 2014) was used. It contains 321 digitized mammogram images of which 55, 23, 19, 15 include mass,
microcalcification, architectural distortion, asymmetry abnormalities respectively and 209 are normal. In
this study, we have focused on 23 MC and 209 normal mammograms to detect MC clusters. The images
in the database are digitized at 50-micron pixel edge, which are then reduced 200-micron pixel edge and
every image has 1024x1024 pixels. Furthermore, the details regarding the characters of background tissue,
class, severity, coordinates of center of abnormality and approximate radius of the circle enclosing it, are
given.

The database includes 209 normal images, 23 images of CIRC (Circumscribed masses), 19 images of
SPIC (Speculated masses), 19 original images of MISC (Ill-defined masses), 23 images of CALC
(Calcification). Thus, we have used 23 CALC and 209 normal images in the study. As a result of
suspicious regions identification, we have obtained 28 MC and 15715 normal ROI regions.

Performance Evaluation for Automatic Detection of MC Clusters

For statistical analysis of the proposed detection system, we have computed TP, FP, FN and TN
values and compared the results in Appendices A6.

In this study, the success of the detection system has increased by two step classification. In the first
step, we classified ROIs using ANN and reduced the searched area as detected MCs by ANN. Then, the
detection results of ANN were classified by CCNN in the second step and thus, the final MC regions have
been obtained. As a result, we can say that the system was strengthened by FP reduction. The FP rates are
0.07 and 0.017 without FP reduction and with FP reduction respectively.

The area under the ROC curve (AUC) is the most commonly used metric in CAD studies and the
AUC index for useful classifiers is constrained between 0.5 (representing chance behaviour) and 1.0
(representing perfect classification performance) (Mazurowskia et al., 2008). ROC curve and AUC index
of the proposed system have been obtained using MedCalc software program (Medcalc statistical
software, 2014) which are given in Figure 10.

ROC curve [=|fEEs] | [ Variable TEST
Classification variable DIAGNOSE
TEST Sample size 15743
Positive group - DIAGNOSE = 1 28
100 | : Negative group ©  DIAGNOSE = 0 15715
L Disease prevalence (%) unknown
80 [-[Sensitity: 85.7 | Area under the ROC curve (AUC)
[ | Specificity: 98,3 Area under the ROC curve (AUC) 0,920
5 [ | Criterion - >0 Standard Error® 0,0337
£ ek 95% Confidence interval® 0.916 0 0,924
i L 2 statistic 12,471
D F Significance level P (Area=0.5) <0,0001
= I - al, 1988
2 40 - e
A Youden index
20 | Youden index J 0.8400
! Associated criterion >0
- Sensitivity 85.71
0 Specificity 98.28
: . . . . Criterion values and coordinates of the ROC curve [Hide]
0 20 40 60 80 100 Criterion 95% CI 95% Cl | +R| 4R

= 20 100,00 87.7-100,0 0,00 0,0-0,02 1,00
100-Speclflclty =0 85,71 67,3 -96.0 98,28 98.1-985 4989 015

=1 0,00 0.0-123 100,00 = 100.0 - 100,0 1,00

Figure 10. ROC curve and AUC index for the proposed MCs detection system

As shown in Figure 10; sensitivity, specificity and AUC index values were obtained as 85.7%, 98.3%
and 0.92 respectively. Furthermore, the graphics of TPR (true positive rate) with FPR (false positive rate)
and TNR (true negative rate) with FNR (false negative rate) have been plotted using Rstudio as seen in
Appendices A7.

The computed TPR, FPR, TNR and FNR values are 0.857, 0.017, 0.983 and 0.143 respectively. In
addition to these, the obtained LR+ and LR- values are 50.412, and 0.145. The positive and negative
likelihood ratios (LR+ and LR-, respectively) quantify the change in the certainty of the “diagnosis”
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conferred by test results. If a given test has very good ability to predict the “true disease status,” its
positive likelihood ratio will be high (i.e., will greatly increase the odds of a positive diagnosis) and its
negative likelihood ratio will be low (i.e.,, will diminish substantially the likelihood of the positive
diagnosis). Typically, a positive likelihood ratio of 10 or more and a negative likelihood ratio of 0.1 or
less are considered to represent informative tests.

Consequently, we can say that the results are quite satisfactory and indicate the success of the
system. The program results of some mammograms for the developed detection system can be observed
in Figure 11.

Mcb209(unhealty-MCs)  Mdb238 (unhealty-MCs) Mdb078 (healthy) Mdb261 (healthy)
st

®)
Figure 11. (a) Original mammograms (b) Detection results of the proposed system

Where windows, in original mammograms, show the regions of MC clusters which are defined in
the database. Furthermore, as shown in Figure 11, the proposed system gives 0 FP for healthy
mammogram examples. In addition to these, we have compared our performance results with the
performance results of studies in the literature for detection of MC clusters which are given in
Appendices AS.

As observed in Appendices A8, we have the highest number of mammograms used for the study
according to the other studies in literature and this increases the reliability of the system. Furthermore, we
have obtained quite satisfactory performance results despite of the highest image number.

According to the program outputs and statistical evaluation results, we can say that an effective
system has been developed for automatic detection of MC clusters.

Performance Evaluation for Breast Cancer Diagnosis of Detected MC Clusters

The developed system for breast cancer diagnosis has been tested on test samples (apart from
training samples) and all samples have been classified truly. Thus, the performance evaluation results on
MC clusters which have been detected automatically in the previous step (24 MC clusters of 28 are truly
detected) are given in Appendices A9.

ROC curve and AUC index of the proposed breast cancer diagnosis system on the detected MC
clusters using MedCalc software program are given in Figure 12.
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Figure 12. ROC curve and AUC index for the proposed breast cancer diagnosis system

In addition to these, we have compared proposed system with studies in the literature for breast
cancer classification of MC clusters which is given in Appendices A10.
As seen in Appendices A10, there are two types of breast cancer diagnosis system for MC clusters.
One of them is a whole system which includes detection of MC clusters and benign/malign classification
of them (Phadke et al., 2013; Jasmine et al., 2013; Rajesh et al., 2014), and the other one is just includes
benign/malign classification of cropped MC region (Strange et al., 2014; Suba et al., 2015). Furthermore,
whole systems can be divided into two groups as fully automatic and semi-automatic. In semi-automatic
systems, detection process is implemented on manually cropped ROIs. On the other hand, ROI
extraction is also automatic in fully automatic systems. Therefore, developing a fully automatic whole
system is a very challenging work. In this study, a fully automatic whole system has been developed for
MC clusters and obtained very satisfactory results.

CONCLUSION

In this study, we have developed a novel automatic CAD system for MC clusters. The proposed
system produces 98.25% accuracy and 1.16 FPpl ratio for 23 abnormal (28 MC clusters) and 209 normal
images in the MIAS database for detection of MC clusters and 100% accuracy on 24 detected MC clusters
for breast cancer diagnosis. Despite the vision difficulty of MC clusters, the novel system provides very
satisfactory results. Furthermore, the developed system is fully automatic whole system which gives
outputs as percentages and transformed an assessment categories called PS_BI-RADS inspired from BI-
RADS approach which has never been used in literature before.
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Figure A.1. CCNN architecture

Table A.2. Training performances of the developed CCNN models for FP reduction

CCNN_1 CCNN 2 CCNN_3
MCROIs FPROLl Al MCROIs FPROLl Al MCROL FPROL  All
Total 14 30 44 14 30 44 14 30 44
Lo 12 27 39 9 27 36 10 27 37
Incorrect 2 3 5 5 3 g 4 3 7
Pe{;::_ﬂliﬁm %85.7 %00  %88.63 %64.28 %90 %818 %7142 %30  %84.09

Table A.3. The parameters of CCNN models

Model Kernel function for hidden Parameters
layer
Hidden layer Weights for the Weights for the
neuron number hidden layer output layer
Min. Max. Min. Max.
CCNN_1 Gauss 3 -7.136 34722 -6.687 5.822
CCNN_2 Sigmoid 1 -105.541 93.643  -7.227 8.602

CCNN_3 Sigmoid&Gauss

3]

-0.066 13.08  -10.471  11.628
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Table A.4. BI-RADS assessment categories

- -]
BI-RADS® Assessment Category Nulill'ieR:i\:)i ode FDA-Approved Equivalent Wording
Incomplete Mammogram: Need Additional
Tzl e 0 Imaging Evaluation
Negative 1 Negative Mammogram
Benign 2 Benign Abnormality
Probably Benign 3 Probably Benign Abnormality
S q il;;ps]irl:il:ru;iz\bnormahty—Blop sy Should Be
Highly Suggestive of Malignancy 5 Highly Suggestive for Malignancy
Known Biopsy-Proven Malignancy 6 gzx BI ][ OIPSY_PI‘);ED -
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Figure A.5. The distributions of (a) benign and (b) malign probabilities of MC clusters

Table A.6. Comparison results of the developed detection system

Normal MCs
200 23
ROIs TP FP ™~ FN
28 15715 - 0
Classification with ANN 24 1107 14608 4
Hassification with ANN and FP reduction 24 270 15445 4

with CCNN
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Figure A.7. The graphics of (a) TPR with FPR and (b) TNR with FNR

Table A.8. Comparison results of the proposed algorithm with studies in the literature for detection of

MC clusters

Methads Database Sensitiviy Specificity  Accuracy FPpI
(%) (%) (%)
Anuradha et al., 2013
MIAS
Wavelet transform based features
49 Mammograms -
SVAM 75.6 81.25 79.58
{23 MC -26 normal)
ANN 98.08 100 90.04
Jelvehfard et al., 2013 MIAS
Wavelet transform based features 49 Mammograms 8811 92
SVM (23 MC -26 normal)
MIAS
Halkiotis et al., 2007
53 Mammograms 94.70 - - 0.27
Mathematical morphology based features ANN
{23 MC -30 normal)
Vivona et al., 2014 MIAS
Shape and grey level based features 20 Mammograms 82 04 4
Fuzzy clustering (20 MC)
Mohanalin et al., 2010 MIAS
Tsallis entropy & fuzzy based enhancement with 41 Mammograms 93.75 = = 0.52
iterative thresholding {23 MC -18 normal)
Diaz-Huerta et al., 2014 MIAS
Spatial, spectral and textural features 22 Mammeograms 86.0 84.36 .77
SVM (22 MC)
Proposed Algorithm
MIAS
GLCM & ANN (Classification of MC ROIs)
232 Mammograms 85.7 08.3 08.25 1.163

GLRELM & CCNN (FP reduction)

(23 MC -209 normal)
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Table A.9. Classification results of the proposed benign/malign classification algorithm

Detected MC BenignMalign True %
Clusters Classification Result
Benign 11 11 100
Malign 13 13 100
Total 24 24 100

Table A.10. Comparison results of the proposed system with studies in the literature for breast cancer
diagnosis of MC clusters

Methods Database Sensitivity Specificity dceuracy System Information
(%) (%) } :
Phadke et al., 2013 Whole system
Wavelet transform based MIAS (detectiondcclassification)
eaiures 15 Bemugn -11 Mal, Semi-automatic detection
7 = = 6516 T6.67 6930 .
SVA MCs o B (detection from manually
9545 06.66 96.15 )
NN cropped BOI image)
Strange et al., 2014 Classification systemn
A multi-scale topological MIAS (benign/malign
approgch 11 Benign -10 Malign 100 o1 Q5 classification from
A nearest neighbow based MCs manually cropped MC
sirategy ROI)
Suba et al.,, 2015 Classification system
Dual Tree M-Band MIAS (bemgn'malign
Wavelet Transform 12 Benign -13 Malign 8033 0433 01.83 classification from
(DIMBWT) MCs manually cropped MC
SVM ROI)
Whole system
Jasmine et al., 2013
(detectiondcclassification)
Nonsubsanpled Comtowrlet ) ) )
MIAS Sermi-automatic detection
Transform (NSCT) ] ] )
12 Benign -13 Malign B (detection from manually
SVM 013 100 96.13
MCs cropped ROl image)
Wheole system
Rajesh etal., 2014 ) ] ]
MIAS (detectiondeclassification)
Wave Aiom Transform
T 12 Benign -13 Malign 100 100 100 Sermi-automatic detection
' ! MCs (detection from manually
SVAf )
cropped ROl image)
Proposed Algorithm ‘Whole system
MIAS
GLCM, Statistical, (detection& classification)
11 Benign -13 Malign 100 100 100
GLELM hased features g Fully Automatic
MCs
DA&SVM detection
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ABSTRACT: Turkish Music pieces are used in various studies including makam recognition in
computational music domain. Turkish Music pieces offer a rich content to the researchers because of their
different makam properties. SymbTr is one of the most referred Turkish Music data sets in this area. In this
study, the pieces from SymbTr data set belonging to 13 makams are used to execute 10 different machine
learning algorithms for makam recognition and the performances of these algorithms are evaluated. These
algorithms were executed on WEKA application environment and the performances in makam recognition

were obtained with F-measure and recall metrics. The machine learning algorithms performed between 82%
and 88%.

Key Words: Machine learning algorithms, Makam recognition, SymbTr, WEKA

Klasik Tiirk Miiziginde Makam Tanima i¢in Veri Madenciligi Kullanimi

OZ: Tirk Miizigi eserleri veri kiimeleri hesaplamali miizik alaninda basta makam tanima ¢alismalar1 olmak
lizere gesitli aragtirmalarda kullanilmaktadir. Tiirk Miizigi eserleri, farkli makamsal 6zellikler gostermeleri
bakimindan aragtirmacilara zengin bir igerik sunmaktadir. Bu alanda en ¢ok referans gosterilen Tiirk Miizigi
veri setlerinden biri SymbTr veri setidir. Bu ¢alismada, SymbTr veri kiimesinden 13 makama ait eserler
tizerinde 10 farklh makine Ogrenmesi algoritmasi caligtirilmigs ve bu algoritmalarin performanslar
degerlendirilmigtir. Bu algoritmalar WEKA uygulama ortamu {izerinde cahstirilarak makam tammadaki
basarim yiizdeleri f-Olgiitii ve duyarlilik metrikleri tizerinden hesaplanmistir. Makine 0grenmesi
algoritmalari, %82-%88 aras1 performans gostermistir.

Anahtar Kelimeler: Makine 6grenmesi algoritmalari, Makam tanima, SymbTr, WEKA

INTRODUCTION

The studies on computational music using Music pieces as data are evolving rapidly. Although most of
the studies focus on Western Music, Turkish Music is subject to some studies in literature. Makam system,
which is the basis of Turkish Music, attracted attention of computer scientists and became a subject of
research in data mining, machine learning and classification.

A study, done in 2012, about pairing sections of a score to the corresponding fragments of 44 audio
recording performances in Turkish Music (Sentiirk et al., 2012) has recognized final resolution pitches with a
success ratio of 89%. The first study about classification of Turkish Music pieces according to their makams
in the literature was done by (Gedik and Bozkurt, 2008). The authors then worked on makam recognition by
automatic tone detection using frequency histograms (Gedik and Bozkurt, 2010). Another study (Sentiirk et
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al., 2013) used the final resolution pitch of the piece to recognize the makam. In this study, authors used 57
different recordings of 14 songs, 116 different recordings of 24 pesrevs, 84 different recordings of 19 saz semais
and they detected the makams with a success ratio of 94.9%.

(Unal et al.,, 2012) is one of the most fundamental studies on makam recognition in the literature. In this
study, N-gram based statistical analysis (Jurafsky and Martin, 2014) has been applied to 847 pieces from 13
different makams. The success ratio on makam recognition is 86% - 88%. A deficit of using N-gram based
statistical analysis is the performance of the model remains constant with changing sizes of data. On the
other hand, it is likely that the performances of the machine learning algorithms rise with increasing sizes of
data. There are also studies on Dastgah recognition (Darabi et al., 2006) and Dastgah classification (Abdoli,
2011) in Iranian Music. Dastgah is a model which is similar to the makam system of Turkish Music.

In our previous work (Abidin et al., 2016), we used Random Forest algorithm for the classification of
1261 Turkish Music pieces according to their makams. We chose the following makams, which have the
highest number of pieces in TRT (Turkish Radio and Television) repertoire (Bozkurt et al.,, 2014); Hicaz,
Nihavend, Hiizzam, Rast, Kiirdilihicazkar, Ussak, Hiiseyni, Mahur, Muhayyerkiirdi and Hicazkar. In this
study, in order to compare our work with similar studies in literature properly, we used the same makam
set with these studies. The set is updated as follows: Beyati, Hicazkar, Hiiseyni, Hiizzam, Kiirdilihicazkar,
Mahur, Muhayyer, Nihavend, Rast, Saba, Segah, Ussak and Hicaz. We also analyzed the performances of 10
different and popular machine learning algorithms on our data set. Finally, we used feature scaling method
to increase the performance of the algorithms. Table 1 shows the studies in literature about makam
recognition, the final resolution pitch detection and tone detection. The data format used and algorithms
applied are also given in the table.

Table 1. Studies in literature

Reference Aim Algorithm Format
(Our Study) Makam recognition J48, MLP, Random Forest, Logistic, MusicXML
Bagging, SMO, NaiveBayes, BayesNet,
JRip, LMT
(Unal et al., 2012) Makam recognition N-gram model MusicXML
(Gedik and Makam recognition Pitch-frequency histogram Audio files
Bozkurt, 2010)
(Darabi et al., 2006) = Dastgah and makam Pattern recognition Audio files
recognition
(Abdoli, 2011) Dastgah classification Fuzzy logic Audio files
(Sentiirk et al., Final resolution pitch Hierarchical linking Audio files
2012) detection
(Sentiirk et al., Tone detection Distribution matching MusicXML
2013)
(Abidin et al., 2016) = Makam recognition Random Forest MusicXML

In the next section, we describe the machine learning algorithms we used in the study. Chapter 3
explains our data set and the derived variables that we produced to increase the performance of machine
learning. Chapter 4 analyzes the performance of 10 machine learning algorithms. Finally, Section 5
concludes the paper with some potential future work.

MATERIAL AND METHOD

Classification is one of the most common used machine learning algorithms. Classification is a
supervised method that classifies the items into several groups. The data set is divided into two groups as
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training set and test set, one for building a learning model on it and the other one to test it. In this study, ten
classification algorithms are applied on SymbTr data set of Turkish Music Repository (Karaosmanoglu,
2012). The chosen classification algorithms are applied using WEKA (Waikato Environment for Knowledge
Analysis) environment (Frank, 2000). The following subsections describe these algorithms in detail.

J48

J48 (Witten and Frank, 2005) is the Java implementation of C4.5 algorithm (Quinlan, 1993). C4.5 is an
extension of Quinlan’s earlier ID3 algorithm (Quinlan, 1986) and a classifier which accepts nominal
classifiers only. C4.5 generates a decision tree from a set of labeled training data using the information
entropy. C4.5 can use both discrete and continuous attributes and training data with missing attribute
values. C4.5 classifiers are expressed as decision trees, but they can also construct classifiers in a more
comprehensible rule set form (Salama, et. al., 2015). Given a set of cases, C4.5 first grows an initial tree. The
initial tree is then pruned to avoid overfitting.

MLP

Artificial Neural Networks (ANN) is a computing system made up of a number of simple, highly
interconnected processing elements, which process information by their dynamic state response to external
inputs (Caudill, 1989). An ANN combines artificial neurons in order to process information. An artificial
neuron consists of inputs, which are multiplied by weights, and then computed by a mathematical function
which determines the activation of the neuron (Figure 1). Another function computes the logical (Boolean)
output of the artificial neuron.

Weights

S B
e VA

—)., fActiv atlo]\ Output

4>\Punctlon/ »

Inpuls

Figure 1. An artificial neuron

Figure 2 shows a typical multilayer NN (MLP) which is used to compute more complex functions than a
single-layer NN. MLPs are structured in three layers: An input layer, hidden layer(s) and an output layer.
The information passes through the nodes in a forward direction and the final outputs are computed
(Karray and Silva, 2004). Then for each of the outputs, error values are computed and propagated to each
neuron in the backward direction. In the second phase, the weights are updated to get better results. This
forward-backward propagation continues until reaching minimal error values (Rojas, 1996).

Input Hidden Output
layer layers layer

Figure 2. A multilayer neural network (MLP)



380 0. OZTURK, D. ABIDIN, T. 0ZACAR

Random Forest

Random Forest is a classifier that builds many classification trees as a forest of random decision trees,
each constructed using a random subset of the features (Ho, 1995). Each tree gives a classification (vote) and
the algorithm chooses the classification having most votes among all the trees in the forest (Fontana et al.,
2016). The generalization error for forests converges to a limit as the number of trees in the forest becomes
large. The generalization error of a forest of tree classifiers depends on the strength of the individual trees in
the forest and the correlation between them (Breiman, 2001).

Logistic

Logistic in WEKA builds and uses a multinomial logistic regression model (Greene, 2012). The linear
regression model gets the inputs (x)) and predicts the output by estimating initial weight values () for each
input. This model uses the hypothesis function (he(x)) (Equation 1) to compute the output.

he(x) = @0+ @1 x1 + B2 + ... + OnXn 1)

Then the cost function, which is the sum of squared difference between the actual output value and the
predicted value, is computed. The algorithm tries to minimize the cost function iteratively using the
Gradient Descent algorithm (Snyman, 2005). Logistic regression modifies linear regression model by
generating hypothesis function (he(x)) value between 0 and 1.

Bagging

Bagging is an algorithm that is designed to improve the performance of machine learning algorithms. It
combines bootstrapping and aggregating (Alfaro, et. al, 2013). With a training set (Tn), B bootstrap samples
(Tb) are obtained, where b =1, 2, .., B. In these boostrap samples, noisy observations may be eliminated or
reduced, so the classifiers built in these sets will have a better behavior than the classifier built in the original
set. Therefore, bagging can be really useful to build a better classifier when there are noisy observations in
the training set. It also helps to reduce overfitting in the algorithm. Given a standard training set, the m
versions of this set are formed by making bootstrap replicates of the learning set (Breiman, 1996). The m
models are fitted using the above m bootstrap samples and combined by averaging the output for regression
or voting for classification.

Sequential Minimal Optimization (SMO)

In machine learning, support vector machines (SVMs, also support vector networks) are supervised
learning models with associated learning algorithms that analyze data used for classification and regression
analysis. SVMs divide the data into two classes. Therefore, they assign the data to the values 0 and 1 (Cortes
and Vapnik, 1995). From this perspective they look like the Logistic Regression Model but in SVM problem:s,
data cannot be classified linearly. The instances of two classes can be separated with a non-linear boundary.
In this case, the hypothesis function (h®(x)) will be calculated from complex polynomial features. An
example hypothesis function is shown in Equation 2.

y = 1 lf 90 + Hlxl + Hzxz + 03x1x2 + 64xf + 65x22 + ... = 0

Predi
redict { y=0 otherwise

)
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SMO is used to solve the Support Vector Machine (SVM) training problem. In our case, SMO is an
application of multi-class SVM. In practice, multi-class classification problems are decomposed into a series
of binary problems that the standard SVM can be applied (Wang and Xue, 2014). SMO uses heuristics to
partition the training problem into smaller subproblems. Typically, it speeds up the training process (Platt,
1998). These small QP problems are solved analytically, which avoids using a time-consuming numerical QP
optimization as an inner loop. The amount of memory required for SMO is linear in the training set size,
which allows SMO to handle very large training sets. Because matrix computation is avoided, SMO scales
somewhere between linear and quadratic in the training set size for various test problems, while the
standard chunking SVM algorithm scales somewhere between linear and cubic in the training set size.
SMO'’s computation time is dominated by SVM evaluation; hence SMO is fastest for linear SVMs and sparse
data sets. On real-world sparse data sets, SMO can be more than 1000 times faster than the chunking
algorithm.

Naive Bayes

Naive Bayes (NB) is a set of supervised learning algorithms based on Bayes theorem (Bayes and Price,
1763). This algorithm is one of the most important classification algorithms because it is very easy to
construct, not needing any complicated iterative parameter estimation schemes, easy to interpret, robust,
fast and space efficient (Wu et al., 2008). Naive Bayes uses Equation 3 and Equation 4 to classify instances
with single and multiple attributes (Bishop, 2006; Duda et al., 2000).

p((gld) = % .
p(d|c;) = p(dilc) p(dale) - p(dnlc;) 0

In order to classify instances with only one attribute, the algorithm uses Bayes theorem given in
Equation 3, where p(cj | d) is the probability of instance d being in class ¢;, p(d | ¢j) is the probability of
generating instance d given class ¢, p(cj) is the probability of occurrence of class cj and p(d) is the probability
of instance d occurring. This equation is used in datasets with one attribute and in the case of having
multiple attributes (Equation 4), naive Bayesian classifiers assume that these attributes have independent
distributions.

BayesNet

BayesNets improves the performance of naive Bayesian classifiers by avoiding unwarranted
assumptions about independence (Friedman et al., 1997). In order to tackle this problem effectively, we need
an appropriate language and efficient machinery to represent and manipulate independence assertions.
Both are provided by Bayesian networks (Pearl, 1988). These networks express relationships among
variables by directed acyclic graphs with probability tables stored at the nodes. Each vertex in the graph
represents a random variable, and edges represent direct correlations between the variables.

Figure 3 shows a typical Bayesian network, which is taken from (Russell and Norving, 2010). In this
figure, the letters B, E, A, ] and M stand for Burglary, Earthquake, Alarm, JohnCalls and MarryCalls
respectively. This example depicts an alarm which is fairly reliable at detecting a burglary, but also responds
on occasion to minor earthquakes. We have also two neighbors in the example; John and Mary, who calls us
when they hear the alarm. John always calls when he hears the alarm, but sometimes confuses the telephone
ringing with the alarm and calls then, too. Mary, on the other hand, sometimes misses the alarm. Given the
evidence of who has or has not called, we would like to estimate the probability of a burglary.
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Figure 3. A Bayesian Network showing the topology and conditional probability tables

JRip

Repeated Incremental Pruning to Produce Error Reduction (RIPPER) (Cohen, 1995), is a propositional
rule learner. The main idea of RIPPER approach is for seeking an initial set of rules and iteratively
improving it by applying an optimization algorithm (Mehdiyev et al., 2015). To build a rule, algorithm uses
the following strategy: (a) First the training data is split into a growing set and a pruning set. (b) Next a rule
is grown using the growing set. In this phase, a rule is grown by greedily adding antecedents to the rule.
The procedure tries every possible value of each attribute and selects the condition with highest information
gain. (c) After growing a rule, the rule is immediately pruned. The instances from the pruning data set are
applied to advance the performance of the obtained set by pruning it.

Logistic Model Tree (LMT)

LMT is a supervised training algorithm that combines logistic regression and decision trees. A logistic
model tree basically consists of a standard decision tree structure with logistic regression functions at the
leaves, much like a model tree is a regression tree with regression functions at the leaves, and the tree is
pruned using a CART algorithm (Breiman et al.,, 1984). As in ordinary decision trees, a test on one of the
attributes is associated with every inner node (Landwehr et al., 2005).

The LogitBoost algorithm uses additive logistic regression of least-squares fits for each class Mi (Doetsch
et al.,, 2009) as in Equation 5, where fi is the coefficient of the i component of the vector x and n is the
number of factors.

LuGO = ) fixi+ o )

The linear logistic regression method is used to compute the posterior probabilities of leaf nodes in the
LMT model (Landwehr et al., 2005; Tien Bui et al., 2016) as in Equation 6, where D is the number of classes.

C exp(ly ()
P = S exp (L () (©)
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TURKISH MAKAM MUSIC DATA SET

In this study, we use most popular machine learning algorithms (Wu et al., 2008; Meenakshi and
Geetika, 2014) for makam recognition on Turkish Music pieces from the SymbTr data set. The data is
prepared according to previous studies, in which N-gram algorithm was used by the authors to recognize
makams (Unal et al., 2012). In that study, authors chose 13 different makams to apply the selected algorithm.
In our study, we also chose the same 13 makams and 1246 pieces from SymbTr data set in order to compare
the performances of algorithms properly. The chosen makams and the number of pieces of each makam are
as follows: Beyati (62), Hicazkar (80), Hiiseyni (97), Hiizzam (97), Kirdilihicazkar (70), Mahur (89),
Muhayyer (67), Nihavend (128), Rast (112), Saba (70), Segah (97), Ussak (119) and Hicaz (158).

The chosen songs in SymbTr can be found in XML format in the original data set of SymbTr. With our
Java application parsing the XML files, symbolic note representations of the songs are obtained. This
symbolic representation only contains the chords in letters (A, B, C, D, E, F, G) and flat (bemol) or sharp
(diyez) signs of chords. The Java application also performs note transformations and adds derived variables
automatically. The derived variables are determined as follows: scale frequencies, mainly emphasized note
and final resolution pitch. These two processes of the application and the derived variables are described in
the following subsections.

Note Transformation

In Turkish Music, the Arel — Ezgi - Uzdilek (AEU) makam system (Can, 2002) is used. This system is
built on 25 tones on 24 non-equally-tempered intervals (Ozkan, 1994). Unlike Western Music, the interval
between two tones is divided into 9 equal pieces. Each of these 9 pieces is called "koma" and the makam
characteristics are determined according to the komas of notes. Since existing note writing software are
designed according to Western Music standards, note representation of Turkish Music pieces must be
transformed properly before the process. The corresponding letters for accidental tones of the notes are
given in Table 2. In this table, seven notes (A (la), B (si), C (do), D (re), E (mi), F (Fa) and G (sol)) and 28
pitches are represented with the corresponding letter or letter groups. In the first step of our Java
application, the automatic transformation of the note sequences of 1246 pieces is done according to Table 2.

Table 2. Legend for tones in Turkish Music
A B C D E F G
Alb | H Bi1b | ] Cl# | L Dib | U Elb | O F4# |Fd | G4b | Gb
Adb | Ab |B4b |Bb | C4# |Cd | D4b | Db | E4b | Eb | F5# | Q G5b | R

A5b | 1 B5b | K G54 | M D5b | T E5b | P G4# | Gd
A4# | Ad | B4# | Bd D4# | Dd | E4# | Ed G5# | S
D5# | N

Adding Derived Variables

To perform makam recognition in WEKA on the transformed note sequences and increase machine
learning performance, some derived variables are calculated in the second step of the Java application.
These derived variables increase the performance of machine learning by about 40%. Each derived variable
is explained in the following subsections.
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Scale frequencies

In Turkish Makam Music, two scales are used for distinguishing makams: one tetra-chord (Scalel) and
one penta-chord (Scale2). For each makam, these tetra-chords and penta-chords differ. For example, the
scale of Hicaz makam include one Hicaz tetra chord Ia - sib — do# - re and one Rast penta-chord re - mi — fa# -
sol - la. Since we have 13 makams in this study, the .arff file includes 13 different frequency values. The final
frequency value of each makam m is the summation of the frequency of tetra-chord of m and the frequency
of penta-chord of m in the piece. Makam attributes used in the calculation process are given in Table 3.

Table 3. Attribute Values of Makams.

Makam Scalel Scale2 Makam Scalel Scale2
Hicaz AKCdD  DEFdGA Kirdilihicazkar GFEbDC CBbAbG
Kiirdi ABbCD DEFGA  Hiiseyni AJCDE EFdGA
Hiizzam JCDPFd  FdGAd] Acemasiran FGABbC CDEF
Nihavend GABbCD DEbFG Mahur GQED DCBAG
Rast GAJCD DEFdG Muhayyerkiirdi AGFED DCBbA
Ussak AJCD DEFGA  Segah JCDOFd FdGAdJ
Hicazkar GFdPD DCJAbG

Mainly emphasized note

For each makam, the end of the first scale and the beginning of the second scale is the same note. This
note is called the mainly emphasized (giiclii) note of the makam. We derived a variable for this note as
follows; for each mainly emphasized note, the frequency of that note in all note sequences are calculated and
added to the .arff file. Mainly emphasized notes for thirteen makams are given in Table 4.

Table 4. Mainly emphasized notes for makams
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Final Resolution Pitch

Every piece in Turkish Makam Music ends with a final resolution pitch, which identifies the makam of
that piece. The final resolution pitch for each makam is given in Table 5. Java application writes this note to
the .arff file using the note sequence automatically.



Using Classification Algorithms For Turkish Music Makam Recognition

Table 5. Final resolution pitch notes for makams.
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Feature Scaling and the .arff File

385

To increase the performance, the feature scaling method is applied on the values of the derived
variables as follows: (1) The maximum of the first thirteen values about the frequencies of the scales are
found and each of these thirteen values is divided by this maximum value. (2) The maximum of the next five
values about the mainly emphasized notes are found and each of these five values is divided by this

maximum value.

Figure 4 shows the final status of the .arff file. The first thirteen fields of each entry (piece) show the
frequencies of the scales that are used for distinguishing makams. The next five fields represent the five
mainly emphasized notes that belong to these thirteen makams (Some makams have common mainly

emphasized notes.). And the next field shows the final resolution pitch of the piece.

@RELATION magam

@ATTRIBUTE BeyatiFreq NUMERIC
@ATTRIBUTE HicazkarFreq NUMERIC Scale F
@ATTRIBUTE HuseyFregq NUMERIC cale Frequencies
@ATTRIBUTE HuzzFreq NUMERIC
@ATTRIBUTE KHicFreq NUMERIC
@ATTRIBUTE MahFreq NUMERIC
@ATTRIBUTE MuhayyFreq NUMERIC
@ATTRIBUTE NihavFreg NUMERIC
@ATTRIBUTE RastFreq NUMERIC
@ATTRIBUTE SabaFreq NUMERIC
@ATTRIBUTE SegahFreg NUMERIC

TTRIBUTE F ERIC . .
@EAIIEIEUIE UI ‘f‘“"freq NU‘; ‘JEBIS / Mainly Emphasized Notes

@ATTRIBUTE S1 NUMERIC “1
@ATTRIBUTE S2 NUMERIC
@ATTRIBUTE S3 NUMERIC
@ATTRIBUTE S4 NUMERIC
ATTRIBUTE S5 NUMERIC
arar

Final Resolution Pitch

SIS

@DATA

1.0,0.0,0.48,0.0,0.9,0.0,0.56,0.0,0.48,0.0,0.0,1.0,0.0,P.862,0.006,0.424,1.0,0.398L A Jclusterl

,8.147,1.8,0.0876,0.810,0.823,0.506,A, clusterl

: 78,0.9,0. T6.147,0. 7, -
1.0,0.94,0.56,0.0,0.0,0.0,0,84,0.0,0.64,0.0,0.0,1.0,0.08,1.0,0.033,0.655,1.0,0.566,A, c lusterl
l1.e,0.182,08.545,0.0,0.90,0.0,0.636,0.182,0.636,0.0,0.0,1.0,0.091,1.0,0.093,1.0,0.687,0.593,A,clusterl
1.6.0.9,0.714,0.0,0.0,0.0,0,714,0.0,0.857,0.6,0.0,1.0,0,285,0.75,0.15,0.85,0.75,1.0,4, c lustarl
©.84,0.36,0.8,0.02,0.0,0.0,1.0,0.0,0.64,0.0,0.02,0.84,0.26,1.0,0.150,0.575,8.635,0.519, A, clusterl
1.0,0.9,0.643,0.0,0.9,0.0,0.714,0.0714,.642,0.0.0.0,1.0,0.143,1.0,0.021,0.626,0.539,8.261, A, clusterl
©.916,0.25,0.5,0.0,0.083,0.0,1.0,0.166,0.5,0.0,0.0,0.916,0.083,1.0,0.123,0.543,0.580,0. 383,A, clusterl
1.0,0.571,0.857,0.0,0.0,0.0,1.0,0.0,1.0,0.0,0.0,1.2,0.428,1.0,0.068,0.452,0.616,0.328,A, clusterl
1.9,0.0,0.7,0.9,0.9,0.0,0.55,0.0,0.6,0.0,0.0,1.0,0.2,1.0,0.07,0.48,0.75,0.41,A, clustert

Figure 4. Definition of attributes in .arff file

EXPERIMENTS AND RESULTS

@ATTRIBUTE Clusterattr {clusterlJclustEFZ cluster3,clusterd,clusterS5,clusteré,cluster7, cluster8,clusterd,clusterl®, clusterll,clusterl2, clusterl3}

We analyzed the performance of the machine learning algorithms using WEKA. The classification
operation is performed by choosing the proper algorithm under the “Classify" tab. As the test option, “Cross
Validation” with 10 folds (k=10) is used. With this option, the data sets to be obtained can have different
sizes and it does not need to divide the data into two sets as training and test sets. Instead, data set is
divided into 10 groups. Then the algorithm uses k-1 folds for learning and the remaining one fold for the
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test. For performance comparisons, recall and F-measure values are used (Powers, 2011). For further
analysis, the  confusion matrix of each algorithm can be  downloaded from
https://figshare.com/articles/Appendix_docx/5484217.

Recall value is the fraction of relevant instances that are successfully classified. It is calculated as in
Equation 7.

|[{relevant pieces} N {retrieved pieces}|
recall = - - @)
|[{retrieved pieces}|

F-measure is an evaluation technique, which is used to measure a test's accuracy and calculated as in
Equation 8.

precision * recall
F=2x — €)]
precision + recall

In the subsection 4.1, we define the parameters of algorithms we used in the experiments. Subsection 4.2
presents our experiment results using F-measure and recall metrics. This section also compares our results
with the nearest study in the literature (Unal et al., 2012, which also uses the same dataset with us. Finally,
subsection 4.3 summarizes the performances of resembling works in the literature.

Algorithm Parameters

Table 6 shows the parameters that we use with each machine learning algorithm. In J48 algorithm, post
pruning is implemented on a fully induced decision tree and sifts through to remove statistically
insignificant nodes. In Weka, the parameter altered to test the effectiveness of post pruning is the
"confidenceFactor". In WEKA J48 classifier, lowering the confidence factor decreases the amount of post
pruning. In our study, the confidence is held constant at 0.25 to minimize post pruning and cross validation
folds for the testing set is held at 10.

Table 6. The parameters for the machine learning algorithms

Algorithm Parameters Algorithm  Parameters
J48 confidence factor = 0.25 SMO c=1.0
cross validation folds = E =1.0 (linear kernel)
10
MLP #inputs =19 Naive useSupervisedDiscretization = true
#outputs =13 Bayes useKernelEstimator = false
#hidden layers =1
Random #trees = 100 BayesNet estimator = Simple Estimator
Forest #features =0 (logM + 1) search Algorithm = Simulated
Annealing
useADTree = false
Logistic maxlts = -1 JRIP folds=10
minNo =2
optimizations =2
Bagging classifier = REPTree LMT minNumInstances = 15
bagSizePercentage = splitOnResiduals = false
100% weightTrimBeta = 0.01
numlterations = 10
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For MLP algorithm, the number of hidden layers is selected as 1. Since default settings will often give
reasonable results, we use WEKA MLP on our data set with default settings. Default setting on neurons in
the hidden layer is "a". This special character ("a") defines the number of nodes in the hidden layers. "a"
calculates the number of nodes in the hidden layers as "a"= (classes+attributes)/2. Therefore, in our case the
nodes in the first layer is (13 + 19)/2=16.

For the Random Forest algorithm, we pick a large number of trees (100) and according to the original
paper of (Breiman) and we use 1 + log:M features. So, we set the number of features to consider as 0. If this
parameter is a value smaller than 1, WEKA will use logM+1, where M is the number of inputs.

For Logistic algorithm, "maxIts" is set to -1, which means the number of cross validation iterations is not
fixed but is continued till the feature-class weights are fully optimized. A key configuration parameter is the
choice of "classifier". We choose the default classifier, namely REPTree, which is the WEKA implementation
of a standard decision tree (CART). The "bagSizePercent" parameter specifies the size of each random
sample. We choose 100%, which will create a new random sample with the same size as the training dataset.
"numlterations” specifies the number of bags. We increase the value of this parameter until we no longer see
an improvement. Then the optimum value is 10, which is also the default parameter value.

For SMO algorithm, we consider two parameters; (1) the value of c: controls the tradeoff between fitting
the training data and maximizing the separating margin. We check the following values of ¢; 0.1, 1.0 and
10.0. The optimum value is 1.0. (2) The kernel parameters: for the polynomial kernel, the most important
parameter is "exponent”, which controls the degree of the polynomial. We try 1 for the linear kernel, 2 for
the quadratic kernel and 3 for the cubic kernel. We get the maximum performance with the linear kernel.

NaiveBayes  algorithm  has two  important parameters;  "useKernelEstimator"  and
"useSupervisedDiscritization". We change the "useSupervisedDiscritization" parameter value as "True", so
we automatically convert our numerical attributes to nominal attributes. The performance is changed from
78.01% to 82.99%. Then we change the "useKernelEstimator" argument that may better match the actual
distribution of the attributes in our dataset. But this change has no effect on the performance.

We have three important parameters for BayesNet algorithm; "estimator", "searchAlgorithm" and
"useADTree". The "searchAlgorithm" option is used to select a structure learning algorithm. If we set
"useADTree" option to "True", then counts are calculated using the ADTree algorithm (Moore, 1998).
Changing these two parameters does not make an improvement for our dataset. Therefore, we use default
values of parameters. Finally, the estimator option is used to select the method for estimating the conditional
probability distributions. We get the maximum performance when we set this parameter to
"Simulated Annealing"

The "folds" parameter in JRIP stands for the number of folds for reduced error pruning. We get the
optimum result when this parameter is set to 10. The second important parameter is "minNo", which defines
the minimal weights of instances within a split. We get the maximum performance with the default value 2.
The third important parameter is the "optimizations", which sets the number of runs of optimizations. The
default value 2 gives the maximum performance for our study.

For LMT algorithm, the "minNumInstances" parameter specifies the minimum number of instances at
which a node is considered for splitting. For our dataset, changing the value of this parameter does not
affect the performance. Therefore, we use the default value of this parameter. "weightTrimBeta" is the
threshold for trimming weights. We get the best results, when we set this parameter to 0.01.
"splitOnResiduals” sets splitting criterion based on the residuals of LogitBoost. There are two possible
splitting criteria for LMT; the default is to use the C4.5 splitting criterion that uses information gain on the
class variable. The other splitting criterion tries to improve the purity in the residuals produces when fitting
the logistic regression functions. The choice of the splitting criterion does not affect our results.
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Results of Experiments

F-measure values for each machine learning algorithm and N-gram algorithm (Unal et al., 2012) are
given in Figure 5. In the original work (Unal et al., 2012), authors used recall values for performance
comparisons. Therefore, F-measure values were calculated for comparison in our study. Figure 6 shows
recall values for each algorithm in this study and N-gram of (Unal et al., 2012). Our results are close to the
results of N-gram. But the performance of the N-gram based statistical analysis remains constant with
changing sizes of data. On the other hand, it is likely that the performance of the machine learning
algorithms rises with increasing sizes of data. In Table 7, the percentages of correctly classified instances for
each makam are given. This table also gives the percentage of correctly classified instances of N-Gram in the
grey column.

90%
80%
T0%
80%
50%
40% ‘ ‘
30%

MW-Gram MLP Logistic Bazzing MO Naive Bayes Baye=shet Jrip LT

MEzyati MHicxmkar MHiseyni BEHizzam BEKirdihicakar BEMahur EMuhayper BENihoesnt B Rast B5cba E5=gah EUssak BHicx

Figure 5. F-measure values for 10 machine learning algorithms and N-gram algorithm
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Figure 6. Recall values for 10 machine learning algorithms and N-gram algorithm

Table 7. Percentages of correctly classified instances for each machine learning algorithm
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According to the results in the confusion matrices (download link:
https://figshare.com/articles/Appendix_docx/5484217) and F-measure graph, all machine learning
algorithms are remarkably successful with a performance of 99.35% in distinguishing Hicaz makam when
compared to other makams. Rast (97.37%), Nihavend (98.40%), Kiirdilihicazkar (98.60%) and Saba (97.89%)
makams are also recognized successfully in most of the algorithms. For these four makams, SMO algorithm
gives the best performances. The biggest problem is recognizing Beyati, Hiiseyni, Muhayyer and Ussak
makams. These four makams have the same mainly emphasized notes (A) and similar makam scales. Most
of the machine learning algorithms classified more than half of the Beyati pieces as Ussak, since these two
makams are the most similar ones. The worst classification performance is obtained for Beyati makam
(46.64%). When F-measure values are compared for four makams, Bagging algorithm is the most successful
one with a performance of 70.84%. The misclassified makams are the ones that are also misclassified by
domain experts. Therefore, these results show that machine learning algorithms can be applied to makam
recognition effectively. When the overall results are examined, J48 algorithm has the worst performance in
classifying makams with 82.10%. SMO algorithm has the highest classification percentage with 88.12%. SMO
also does better in distinguishing some of the makams which are misclassified frequently including Hiiseyni
(%70.64) and Ussak (%67.36).
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Performances of Other Studies

There are some important studies on the classification of Turkish music makams in the literature. Table
8 lists these studies and their performances (%). However, they differ in terms of the data set they use. For
this reason, the comparison of performance results with our study is not appropriate.

Table 8. Percentages of correctly classified instances for each machine learning algorithm

Study Technique Dataset Performance
(Kalender et al, | Combined Neural  Sel¢uk University Dilek Sabanci State 95.83
2012) Networks Conservatory Archives (50 pieces, 9
makams)
(Gedik and Bozkurt, | Pitch interval Monophonic instrumental recordings (9 92.00
2008) histogram makams)
(Kazrak et al., 2014) Probabilistic Recordings from commercial CDs and 89.40
Neural Networks Internet (62 pieces, 6 makams)
(Kizrak and Bolat., | Neural Networks Recordings from commercial CDs and 89.60
2014) Internet (62 pieces, 6 makams)
(Kizrak and Bolat, | Deep Belief Recordings from commercial CDs and 92.70
2015) Networks Internet (62 pieces, 6 makams)
(Gedik and Bozkurt, | Pitch frequency Various recordings (172 pieces, 9 77.38
2010) histogram makams)
(Kalayc1 and | K-means+ANN Bir Sarkidir Yasamak - Turkish Art 70.00
Korukoglu, 2012) Music Selection Series (103 pieces, 7
makams)

DISCUSSION AND FUTURE WORK

In this study, we used ten most popular machine learning algorithms for makam recognition in Turkish
Music. We used thirteen makams, which were used in some of the studies in the literature and 1246 pieces
from SymbTr data set that belong to these makams. Then we compared the performances of the algorithms
with similar studies in the literature.

In the first step of the study, a letter-based transformation was applied to note sequences in order to
represent the sequences in a shorter and more understandable format. In the second step, derived variables
were added to the data set in order to increase the performances of machine learning algorithms. Feature
scaling was also applied to numerical variables for performance gain. In the evaluation phase, the machine
learning algorithms had performance values between 82% (J48) and 88% (SMO). These performance values
are similar to the study (Unal et al., 2012). But the N-gram algorithm used in (Unal et al., 2012), shows a
fixed performance, independent from the size of the data set. The machine learning algorithms used in this
study are expected to have better performances with the increasing size of the data set. When the f-measure
graph is examined, the misclassified makams are the ones that are also misclassified by domain experts. This
result shows that machine learning algorithms can be applied to makam recognition effectively.

As a future work, we plan to derive and use more makam-specific features in order to improve the skills
of machine learning algorithms on makam recognition.
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OZ: Diinyada insaat sektoriinde yaygin olarak kullanilan, kompozit malzemelerden birisi olan, betona;
farkli bir¢ok alanda kullanilabilen misina ipinin katilmasi sonucunda mekanik 6zelliklerinin aragtirildig:
bu calismada misina ipinin yap: lifi olarak degerlendirilip degerlendirilmeyecegi incelenmistir. Lifli
betonun mekanik 6zelliklerini saptamak amaciyla yarmada ¢ekme, basing ve egilme de ¢ekme deneyleri
yapilmstir. Lif olarak polipropilen ve poliamid esasl: lifler ve piyasadan temin edilebilen naylon esash
misina ipi hacimsel olarak %0,5; %1,0 ve %1,5 oranlarinda eklenmistir. Deney sonuglarinda misina ipinin
yapt lifi olarak kullaniminin miimkiin oldugu saptanmis ve oransal olarak kismen diger yap1 liflerine
benzer etki gosterdigi gozlemlenmistir. Yapilan deneyler sonucunda lif katkisiz betona goére %0,5 misina
lifinin betonlarin basing dayanimin yaklasik %19 oraninda, egilme dayammmini %26 oraninda; %1,0
oranindakinin ise yarmada ¢ekme dayanimni %23 oraninda artirdig tespit edilmistir. Sonug olarak,
dogada uzun yillar bozulmadan kalabilen misina ipinin yap1 lifi olarak degerlendirilebilecegi
belirlenmistir.

Anahtar Kelimeler: Beton, Lif, Misina, Poliamid (PA) lif, Polipropilen (PP) lif

The Effect of Monofilament Fishing line on the Mechanical Properties of Concrete

ABSTRACT: In this study, the mechanical properties of concrete, one of the composite materials widely
used for the construction sector in the world, with adding monofilament fishing line that can be used in
many different areas has been investigated. It was investigated whether or not the monofilament fishing
line could be considered as the structural fiber. In order to determine the mechanical properties of
fibrous concrete split tensile, compressive, and flexural strength tests were performed. As polypropylene
fiber and polyamide-based fibers available from the market, nylon-based monofilament fishing line was
added at 0.5%, 1.0% and 1.5% by volume. Experimental results showed that the use of monofilament
fishing line as a structural fiber were possible and showed a similar effect as the other structural fibers.
As a result of the experiments compared to the plain concrete, it was found that adding 0.5%
monofilament fishing line increasing the compressive strength and flexural strength by 19% and 26%
respectively. While adding 1.0% monofilament fishing line increased the split tensile strength by 23%.
As a result, monofilament fishing line which can remain intact for many years in nature could be
evaluated as structural fiber.

Key Word: Concrete, fiber, monofilament fishing line, polyamide-(PA) fiber, polypropylene (PP) fiber
GIRIS aNTRODUCTION)

Genis bir kullanim alanina sahip olan betonun degisik alanlarda kullanimi ve {iretim teknolojisi her
gecen giin daha da gelismektedir. Betonun kolaylikla istenen boyut ve sekilde elemanlar iiretmeye

imkan saglamasi, yiiksek basing dayanimina sahip olarak iiretilebilmesi, bakim islemleri ve
masraflarimin diger yap1 malzemelerine kiyasla daha diisiik olmas: gibi avantajlar1 olmasmna ragmen,
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diisiik cekme ve egilme dayanum gibi dezavantajlar1 da mevcuttur.

Betonun olasi dezavantajlarini ortadan kaldirabilmek adina bircok yontem gelistirilmistir. Ornegin,
gecmisten giintimiize kadar yap1 malzemeleri igerisine cekme gerilmelerini karsilamak amaciyla bir¢ok
malzeme (6rnegin; keci kili, saman, yiin, at yelesi vs.) eklenmistir (Akman, 2003; Alpaslan ve dig., 2015;
Yasa, 2016). Betona taze halde iken gesitli yontemlerle, degisik miktarlarda eklenen belirli bir (boy/cap)
narinlik oranina sahip olan ve lif olarak tanimlanan malzemeler metal, polimer, mineral esasl
olabilmektedirler(Osman ve dig., 2007).

Beton igerisinde homojen olarak dagilan lifler, olusan ¢atlaklar1 6nlemekte ve bu catlaklarin
ilerlemesini yavaslatarak betonu daha dayanikli bir hale getirmektedir. Igerisinde lif bulunan betonlarin
tokluk, yorulma, ilk catlak dayanimi gibi ozellikleri iyilesmektedir (Song ve Hwang, 2004; Nili ve
Afroughsabet, 2010). Lifle giiclendirilmis beton bilesenleri, endiistriyel yapilar, kaldirimlar, kopriiler,
tiineller, kanal kaplamalari, hidrolik yapilar, borular, patlamaya kars: direngli yapilar, giivenlik odalar
gibi pek ¢ok alanda kullanilmaktadir (Xia ve dig., 2001; Alyamag ve Ince, 2016; Bozkurt ve Karakurt,
2016).

Lifli betonlar tiizerinde giiniimiize kadar yapilan calismalarda celik, polipropilen, poliamid,
polietilen, bazalt lifler gibi farkl kimyasal ve fiziksel yapiya sahip liflerin etkileri, optimum kullanilma
oranlar1 aragtirilmistir.(Akkas ve dig., 2010; Nili ve Afroughsabet, 2010). Eklenen lif tiirli ve oranina
bagh olarak beton Ozellikleri de degisiklik gostermektedir. Literatiirden hareketle betonun mekanik
oOzellikleri agisindan en ¢ok kullanilan lif tiirleri olan gelik ve polipropilen lifleri degerlendirmek,
kullanimai arastirilan misina ipinin yapi lifi olarak kullanimina 1sik tutacaktir.

Mekanik Ozellikler agisindan, ¢gelik lif kullanilan ¢alismalarda belirli bir orana kadar liflerin olumlu
etki yaptig1 daha yiiksek oranlarda ise olumsuz etki olusturdugu goriilmiistiir. Bu orani Eren ve Celik,
1997 yaptiklar1 g¢alismada %1,0; Song ve Hwang, 2004 yaptigi calismada ise %2,0 oldugunu
belirlemislerdir. Belli bir orandan sonraki dayanim diisiislerinin nedeni olarak lif kullanim oraninin
artirilmasi ile temas yiizeylerinin artarak islenebilirligi azaltmasi olarak agiklanmaktadir (Eren ve Celik,
1997). Yine celik lif kullanimi ile betonlarin yarmada ¢ekme ve egilmede ¢ekme dayanimlarinda lif
miktarinin artis1 ile dogru orantili bir sekilde artis oldugu tespit edilmistir (Eren ve Celik, 1997; Abdul-
Ahad ve Aziz, 1999; Song ve Hwang, 2004; Baran ve dig., 2012; Ma ve dig., 2013; Pajak ve Ponikiewski,
2013; Khaloo ve dig., 2014).

En ¢ok kullanilan lif ¢esitlerinden digeri ise polimer esash olan polipropilen liflerdir. Polipropilen
liflerin basing dayanimlar: {izerinde ¢ok fazla bir etkisi olmadig1 normal betonlara kiyaslandiginda az
miktarda artis sagladigi bilinmektedir. %0,2, %0,3 ve %0,5 oranlarinda polipropilen lif eklenen
calismalarda ise lif miktar1 artisi ile birlikte basing dayamimlarinda artislar oldugu gozlemlenmis ve
polipropilen lif optimum oramn1 %0,5 olarak tavsiye edilmistir (Yildirim ve dig., 2007; Akkas ve dig., 2010;
Nili ve Afroughsabet, 2010).

Polipropilen lif katkili betonlar ¢cekme dayanimi agisindan normal betonlara gore daha iyi sonuglar
vermektedir. Polipropilen lif katkili betonlarin, normal betonlara gore %20’lere varan oranlarda daha
yliksek cekme dayanimina ve egilme dayanimlarina sahip oldugu belirlenmistir (Bahadir, 2010). Beton
hacminin %0,05, %0,1, %0,2 ve %0,3'ii oraninda kullanilan multifilament polipropilen liflerin egilme
dayanimlarini artirdigy, lif oran: arttikga bu artisin daha fazla oldugu belirlenmistir (Song ve dig., 2005;
Hsie ve dig., 2008; Nili ve Afroughsabet, 2010; Mazaheripour ve dig., 2011).

Polipropilen liflerden bagka polimer esashi poliamid, polietilen gibi liflerin kullanildig1 ¢alismalarin
sayist da her gegen giin artmaktadir (Soroushian ve dig., 1992; Chen ve Chung, 1996; Kim ve dig., 2015;
Halvaei ve dig., 2016; Koroglu ve Ozdoner, 2016). Bu liflere ilaveten nylon esasl bir polimer olan lifler
¢ok az sayida calismada kullanilmistir (Lee ve dig., 2005; Song ve dig., 2005; Martinez-Barrera ve dig.,
2006). Ancak naylon esash olan, balik¢ilik ve miizik enstriiman endiistrisinde yaygin olarak kullanilan
misina ipinin de yap1 lifi olarak kullanimi {izerine literatiirde bir ¢alisma bulunmamaktadir. Yapa lifi
olarak misinanin kullanimi arastirilarak beton Ozelliklerini en iyi etkileyecek optimum oranmnin
belirlenmesi 6nemli goriilmektedir.
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Ayrica misina ipinin yap1 lifi olarak betonda kullanilabilirliginin belirlenmesi ile bu ipin atiklarinin
da degerlendirebilecegi bir alan bulunmus olacaktir. Bu yonii ile de gevresel agidan atik degerlendirme
konusunda farkindalik olusturulacaktir. Ttiim bu nedenler géz oniine alinarak bu ¢alismada basing ve
yarmada ¢ekme mekanik deneylerin yapilarak misina ipinin yapu lifi olarak kullarulabilme olasilig1 ve
optimum kullanim oranimin belirlenmesi ¢alismalar1 yapilmistir. Misina ipli betonlarin 6zellikleri
uygulamada en ¢ok kullanilan polimer esasl liflerden polipropilen (PP) ve poliamid (PA) lifli betonlarin
Ozellikleri ile kiyaslamali olarak incelenmistir. Lif oranlar: literatiirde PP ve PA liflerinin optimum
kullanim oranlar ile ayn1 degerlerde secilmistir.

MATERYAL ve YONTEM (MATERIAL and METHOD)
Materyal (Material)

Yapz lifi (Structural Fiber)

Bu calismada yapr lifi olarak polipropilen ve poliamid lif kullanilmistir. Polipropilen lifler BASF
firmasindan, poliamid lifler ise KRATOS firmasindan temin edilmistir. Sekil 1.a’da poliamid lifleri, Sekil

1.b’de polipropilen lifleri ve Sekil 1.c’de misina lifleri verilmistir. Bu lifler en kii¢iik kalip boyutunun (70
mm) 1/3 oranini asmayacak sekilde 20 mm boyunda kullanilmislardir.

Sekil 1. Poliamid lif (a), polipropilen lif (b), misina lifi (c)
Figure 1. Polyamide (a), Polypropylene (b), monofilament fishing line (c)

Cizelge 1’ de deneylere tabii tutulan yapz lifleri ve misina ipinin birim agirlik ve narinlik oranlar
verilmistir.

Cizelge 1. Liflerin ve misina ipi teknik 6zellikler
Table 1. Technical properties of fibers and monofilament fishing line

Grup Birim agirlik (g/cm?) Narinlik (1/d)
Poliamid lif 1,14 36,4
Polipropilen lif 0,91 22,2
Misina ipi 1,01 33,3

Cimento (Cement)

Yapilan deneylerde baglayici olarak TS EN 197-1'e uygun CEM 1 42,5 N grubu cimento
kullanilmistir.
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Siiper Akiskanlastirici (Super plasticizer)

Deneylerde islenebilirligi artirmak icin naftalin siilfonat esash siiper akiskanlastici ¢cimento agirhgin
%1,5" i oraninda kullanilmistir.

Agrega (Aggregate)
Agregalar maksimum tane boyutu 31,5 mm olan kirmatas agregalar olup elek analizi sonucunda

beton numuneleri i¢in TS 800 — 2009 standart egrisi (Sekil 2) olan egri kullanilarak beton karisim hesabi
yapilmistir. Deneylerde kullanilan karisim hesabinin standart egrilerdeki yeri Sekil 2'de gosterilmistir.

coe@ee A32 el B32  ecesheee C32  —>¢— KARISIM HESABI

100
90
80
70
60
50
40
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100

Gegen (%)

0,25 0,5 1 2 4 8 11,2 16 31,5
Elek Capi ( mm)

Sekil 2. Karisim hesabinda kullanilan agrega graniilometrisi
Figure 2. Aggregate granulometry used inconcrete mix design

Beton Karisim Hesab1 (Concrete mix design)

Ozellikleri belirlenmek istenen numune gruplar: ve 1m? betondaki kullanilan malzemeler Cizelge
2'de verilmistir. Deneysel testler icin kontrol grubu (lifsiz), misina ipli, poliamid lifli ve polipropilen lifli
beton gruplari olmak iizere dort grup beton tiretilmistir. Cizelge 1’de genel 6zellikleri verilen lifler beton
igerisine beton hacminin; %0,5, %1,0 %1,5'i oranlarinda eklenerek numunelerin basing, yarmada ¢ekme,
egilme dayanimlar belirlenmistir. Her bir grubun deney sonuglar1 3 numunenin ortalamalar1 alinarak
hesaplanmistir. Numuneler isimlendirilirken kolaylik olmas: ig¢in kodlama yapilmistir. Burada
kodlardaki ilk harf kullanilan lif tiirtiniin bas harfini (M, PP, PA), sayisal deger ise kullanilma oranini
gostermektedir. Ornegin, asagidaki 6rnekte beton hacminin %0,5 oraninda misina ipi kullanildig1 beton
grubu kisaltmasi verilmistir.

Mo0,5
Lif Tipi 4—|_ _|—> Kullanilan Oran
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Cizelge 2. 1000 dm? beton karisiminda kullanilan malzeme miktar:
Table 2. Material proportion for 1000 dm? concrete mix design

MALZEME KO PP05 PPL0 PP15 MO5 M1,0 M15 PA05 PA1L0 PAl5
Cimento (kg) 400 400 400 400 400 400 400 400 400 400
Su (kg) 191,23 191,23 191,23 191,23 191,23 191,23 191,23 191,23 191,23 191,23
Su/Cimento 048 048 048 048 048 048 048 048 0,48 0,48
Siiper
Akiskanlagtiricl 4,0 4,0 40 40 40 40 4,0 4,0 4,0 4,0
(kg)
0-2 mm
Agrega 528,33 528,33 528,33 528,33 52833 52833 52833 528,33 52833 52833
2-4 mm
190,35 190,35 190,35 190,35 190,35 190,35 190,35 190,35 190,35 190,35
Agrega
4-8 mm
Agrega 246,48 246,48 246,48 246,48 246,48 246,48 246,48 24648 24648 246,48
8-16 mm
Agrega 282,24 28224 28224 28224 28224 28224 28224 28224 28224 282724
16-31,5 mm
Agrega 340,01 340,01 340,01 340,01 340,01 340,01 340,01 340,01 340,01 340,01
PP (kg) - 450 9,00 13,50 - - - - - -
M (kg) - - - - 505 10,10 15,15 - - -
PA (kg) - - - - - - - 570 11,40 17,10

Beton numunelerinin karisim asamalar1 $Sekil 3’de verilmistir. TS EN-206-1 standardina gore beton

numunelerinin slump sinift S4 (160-210 mm ¢okme degeri) oldugu tespit edilmistir.

Agregalar ve
¢imento miksere
bosaltildi

Beton karigiminin
kaliplara
yerlestirilmesi

Metod (Method)

30 saniye karistirildi

30 sanive karistirildi

Karisim suyunun

Liflerin karisima yarisinin eklenmesi

eklenmesi 30 saniye karistirildi

Karisim suyunun

yarisiun eklenmesi 1 dakika karigtirildy

Sekil 3. Beton karisimi hazirlama prosediirii
Figure 3. Concrete mixture preparation procedure

Atatiirk Universitesi Insaat Miihendisligi Boliimii Yap1 ve Malzemeleri Tatbiki Laboratuvari'nda
birim hacim agirlik deneyi, basing, yarmada ¢cekme ve egilme dayanimi deneyleri yapilmigtir.

Basing¢ Dayanimi Tayini (Compressive strength calculation)

Basing deneyleri, 150x150x150 mm’lik kiip numuneler {izerinde 28. giinde $Sekil 4.a da gosterilen
diizenekle yapilmistir. Yapilan biitiin basing deneyleri, sabit yiikleme hizi altinda gerceklestirilmis ve
yiikleme hizi TS EN 12390-3/AC (Anonim 2012)'ye 0,4 MPa/s olarak alinmistir. Basing dayanimi
deneylerinde elde edilen sonuglar Arastirma Bulgular: kisminda verilmistir.
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Yarmada Cekme Dayanimi Tayini (Split tensile test)

Yarmada ¢ekme deneyleri, R10/20 mm’lik silindir numuneler iizerinde 28. giinde Sekil 4.b’de
gosterilen diizenekle yapilmistir. Betonlarin yarmada ¢ekme dayanimlarinin asagida verilen esitlik
yardimiyla sonuglar hesaplanmis ve sonuglari Arastirma Bulgular: boliimiinde belirtilmistir.

Cekme Dayanimi = % (1)
P: Yik, N,

L: Silindirin yiiksekligi, mm,
D: Silindirin Capi, mm

Egilme Dayanimi Tayini (Bending strength test)

Egilme deneyleri, 70x70x280 mm’lik kiris numuneler tizerinde 28. giinde Sekil 4.c’de gosterilen
diizenekle 3 nokta egilme deneyi yapilmistir. Betonlarin egilme dayanimlarinin asagida verilen esitlik
yardimiyla sonuglar hesaplanmistir. Deney sonuglar1 Arastirma Bulgulari boliimiinde belirtilmistir.

F= 25 (2)
F: Egilme Dayammi, MPa,

P: Yiik, N,

L: Mesnetler Arasi1 A¢iklik, mm,

b ve d: Numunenin Enkesit Uzunluklari, mm.

(a) (b) (¢)
Sekil 1. (a)Basing dayanimi deney diizenegi, (b) Yarmada ¢ekme dayanimi deney diizenegi (c)3 nokta

egilme dayanimi deney diizenegi
Figure 4. Compressive strength test setup(a) split tensile strength test setup (b) 3 point bending strength test setup (c)

BULGULAR (RESULTS)

Calisma kapsaminda KO, M, PA ve PP katkili betonlar {izerinde yapilan 28 giinliik numunelerin
mekanik dayanimlar Cizelge 4’ de verilmistir.
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Cizelge 4. Mekanik deney sonuglari
Table 4. Results of mechanical tests

Kontrol Yarmada Kontrol Esilmede Kontrol
Basing Grubuna - . Grubuna =sLmece Grubuna
Numune . ekme n ekme "
Gruplan Dayanim Gére Dayanimi Gére Dayanimu Gére
SHPEL | (vpa) Degisimi ot Desisimi oo iM Degisimi
o MPa o MPa o
Jo ) )
KO 372 - 3.6 - 4,6 -
Mo,5 441 18,8 43 192 5.8 26,3
M1,0 41,7 122 44 22,6 4,6 0.7
Mi1,5 40,6 94 43 184 47 2,6
PAO5 43,5 171 3.7 31 58 26,3
PA1,0 46,9 26,3 45 251 51 10,7
PA15 431 159 43 189 52 134
PPO,5 38,0 23 4.8 32,3 54 184
PP1,0 43,6 173 43 192 5.8 25,8
PP15 4.1 18,7 45 25,6 59 28,0

Basin¢ Dayanimi Deneyi Bulgular1 (Results of Compressive Strength Test)

Tiim beton gruplar {izerinde yapilan basing deneyi bulgular1 Cizelge 4'de, elde edilen grafik ise
Sekil 5'de verilmistir. Bu sonuglardan yola ¢ikilarak kontrol grubuna gore tiim lif oranlarinin
numunelerin basing dayammini olumlu yonde etkiledigi goriilmiistiir. Misina lifi igin artig oranlar1 %9-
19 arasinda, PA lifleri igin %16-26 arasinda ve PP lifleri icinse %2-19 arasinda oldugu goriilmektedir.
Misina ve PA lifli betonlarda %1,5 lif kullanilma orani basin¢ dayaniminda en az artis1 saglarken PP
liflerde bu oranin kullanildig1 grup en yiiksek basing dayanimi degerini almaktadir. PP liflerin bu
optimum kullanilma oraru literatiirle uyumlu ¢ikmistir (Song ve dig. 2005; Badr ve dig. 2006; Nili and
Afroughsabet, 2010). Bu yoni ile ¢alismadan lif tiirliniin sonuglar iizerinde Snemli etkileri oldugu
sonucu ¢ikmaktadir.

Kullanulan oranlar arasinda lif tiirleri gézoniine alindiginda en yiiksek basing dayanimi %1,0 PA lif
katkili gruplarda %26,3 orani ile olmakla birlikte, % 0,5 misina ve %1,5 PP lifli numunelerde %19’a varan
bir basing dayanumi artisi da goriilmektedir. Basing dayanimi agisindan kullamilan oranlar
degerlendirildiginde misina lifleri i¢in betonda optimum kullanim orani %0,5, PA lifleri igin %1,0 ve PP
lifleri icinde %1,5 oldugu soylenebilmektedir. Basing dayamim artisimin az oldugu gruplarda lif
topaklagsmasinin etkin oldugu diistiniilmektedir. Sonuglar gozoniine alindiginda arastirma konusu
olarak segilen misina lifinin de yapx lifi olarak kullanilabilecegi goriilmektedir.
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Sekil 5. Farkl: fiber ve hacimsel oranin basing dayanimi deneyi bulgular:
Figure 5. Compressive strength test results at different volume fractions and fibers

Liflerin farkh oranlarda kullanilmasi farkli 6zellikteki lif optimum oranlarmi degistirdigi goriilmiigtiir.
Calismada kullamilan lif oranlann goéz oOniinde alindiginda Sekil 5de goriildiigii tizere basing
dayaniminda M igin optimum oranmi %0,5; PA icin %1,0 ve PP ise optimum oran %1,5 oldugu tespiti
yapilmistir. Bu durumda PP igin literatiirde yaklasik oranlar bulunmustur (Song ve dig., 2005; Badr ve
dig., 2006; Nili ve Afroughsabet, 2010).

Yarmada Cekme Deneyi Bulgular1 (Result of Split Tensile Strength Test)

Cizelge 4 ve Sekil 6’da goriildiigii gibi yarmada c¢ekme deney sonuglarinda basmng dayanimi
sonuglarinda oldugu gibi liflerin olumlu etki gosterdigi belirlenmistir. Ttim lifli gruplarda kontrole gore
artis oran1 %3-32 oranlar1 arasinda olup en iyi sonug¢ PP0,5 grubunda elde edilmistir. Liflerin olumlu
etkisi gerilmeleri {izerine alarak tasimasi ve kopriileme etkisi ile malzemenin toklugunu
artirabilmesinden dolay1 olusmaktadir (Kurt, 2015).

Lif tiirtine baglh olarak gruplar ayr degerlendirildiginde misinammn tiim oranlari igin diger gruplara
gore artis oran1 hemen hemen yakin ¢ikmakla birlikte ve PA lifleri i¢in %1,0 oram, pp igin ise %0,5
oraninin en optimum oranlar oldugu soylenebilmektedir. Misina lifleri diger liflerle kiyaslandiginda
yapu lifi olarak kullanilabileegi sdylenebilmektedir.

Liflerin yarmada ¢ekme dayanimin belirli bir orana kadar artirdi1 daha sonra azaltma egilimine
gectigi goriilmiis, lif tiirtiniin yanisira oraninin da sonuglar {izerindeki roliiniin etkili oldugu literatiirle
benzer bigimde belirlenmistir. (Eren ve Celik, 1997; Song ve Hwang, 2004; Badr ve dig., 2006; Akkas ve
dig., 2010; Nili ve Afroughsabet, 2010; Bolat ve dig., 2014).
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Sekil 6. Farkli fiberler ve hacimsel oranin yarmada ¢ekme dayanimi deneyi bulgular
Figure 6. Split tensile strength test results at different volume fractions and fibers

Egilmede Cekme Deneyi Bulgular1 (Result of Bending Strength Test)

Cizelge 4 ve Sekil 7’den goriildiigii iizere diger deneylerde oldugu gibi tiim lif oranlarinin egilmede
¢cekme dayanimini artirdigl, bu artis oranimin 6zellikle misina lifi ve PA liflerinin %0,5 oramni igin %26
mertebesine ¢iktigi, PP lifler icinse tiim oranlarinda %18-28 e varan oranlarda artis oldugu
sOylenebilmektedir. Bu sonugla yine misina lifinin yap1 lifi olarak kullaniminin uygun oldugu
sOylenebilmektedir.

Tiim gruplar igerisinde egilme dayanimi agisindan en yiiksek artis1 PP1,5 grubu gostermistir. Lif
orani arttik¢a egilme dayammi artmaktadir. Bu durum literatiirle uyumluluk gostermektedir (Hsie ve
dig., 2008; Mazaheripour ve dig., 2011; Cakir, 2013; Stimer ve Saribiyik, 2013). Bu lif tiirii i¢in optimum
oranin %1,5 oldugu sdylensede ¢alismada ongoriilen maksimum lif oranu %1,5 oldugundan daha sonra

yapilacak calismalar icin bu degerden daha yiiksek bir deger secilerek karar verilmesi daha isabetli
olacaktur.
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Sekil 7. Farkli fiberler ve hacimsel oranin egilmede ¢cekme dayanimi deneyi bulgular
Figure 7. Bending strength test results at different volume fractions and fibers
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SONUCLAR (CONCLUSIONS)

Arastirma sonucu kullanilan lif tiirli ve miktarlarina bagh olarak bulunan sonuglar, kiyaslamalar ve
Oneriler asagida verilmistir.

-Kontrol grubuna gore tiim lif oranlarinin numunelerin basing dayanimini olumlu yonde etkiledigi (%2-
26 oranlarinda artirdigr) goriilmiistiir. En yiiksek basing dayammi %1,0 PA lif katkili gruplarda olmakla
birlikte sonuglar gozoniine alindiginda arastirma konusu olarak secilen misina lifinin de yapa lifi olarak
kullanilabilecegi goriilmektedir.

-Basing dayanimi sonuglarinda oldugu gibi liflerin yarmada ¢ekme dayanimi sonuglarinda olumlu etki
gosterdigi belirlenmistir. Liflerin olumlu etkisi gerilmeleri tizerine alarak tasimasi ve kopriileme etkisi
ile malzemenin toklugunu artirabilmesinden dolay: tiim lifli gruplarda kontrole gore artig orani %3-32
oranlar1 arasinda olup en iyi sonug PP0,5 grubunda elde edilmistir. Lif tiiriine bagh olarak gruplar ayr1
degerlendirildiginde misinamin tiim oranlar igin diger gruplara gore artis oram:i hemen hemen yakin
¢ikmakla birlikte ve PA lifleri igin %1,0 orani, PP icin ise %0,5 oraninin en optimum oranlar oldugu
sOylenebilmektedir.Lif tiiriiniin yanisira oraninin da sonuglar tizerinde ¢ok 6nemli etkisi bulunmaktadir.

-Sonuglardan hareketle tiim lif oranlarinin egilmede ¢ekme dayamimini artirdigi, bu artis oraninin
Ozellikle misina lifi ve PA liflerinin %0,5 orani igin %26 mertebesine ¢iktigi, PP lifler icinse tiim
oranlarinda %18-28’e varan oranlarda artis oldugu soylenebilmektedir. Tiim gruplar igerisinde egilme
dayanimi agisindan en yiiksek artisi PP1,5 grubu gostermistir. Polipropilen lifli beton numunelerinde
calismada secilen lif oranlar1 gdzoniine alindiginda lif oram (%0,5; %1,0; %1,5) arttikca egilme dayanimi
artmaktadir.

-Betonda kullanimi mekanik agidan olumlu bulunan misina ile sonraki yapilacak ¢alismalarda durabilite
ve performans Ozelliklerinin de saptanmasi tavsiye edilmektedir. Ayrica balik¢ilik ve miizik
endjiistrisinde kullanimindan sonra sentetik atik olan misinanin bu tiir ¢alismalarda kullanilmas: diinya
Olceginde cevresel agidan da olumlu bir etki olusturacaktir.
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ABSTRACT: Earthquake behaviour of structural systems strongly depends on geometry of the building.
The seismic motions can create unpredictable displacements and corresponding structural members
may be forced more than that was evaluated. Torsional response of structures is very important for
earthquake resistant design philosophy. In this study, overhangs in buildings and their effect on
torsional displacements under seismic forces was evaluated. The model building has 5 different
overhang alternatives and 3 different overhang lengths. Structural systems were modelled in a finite
element packed program ETABS and investigated under response spectrum analyse cases. Mode
superposition method used for determination of dynamic properties. Effect of cantilever overhangs in
seismic response were evaluated.

Key Words: Earthquake, Earthquake code, Irregularity, Overhangs, Torsional response

Yap1 Sistemlerinde Konsol Cikmalar ve Burulma Diizensizligi Ac¢isindan Deprem Tepkisine Etkileri

OZ: Yapilarin deprem performanst ilk olarak binanin geometrisine baglidir. Sismik yiiklemeler binada
tahmin edilemeyen deplasmanlarin olusmasina ve yapi elemanlarmin hesaplanandan daha fazla
zorlanmasina yol acabilir. Depreme dayarukli yap:i tasarimi i¢inde burulma diizensizlikleri ¢ok
onemlidir. Bu galismada binalarda bulunan ¢ikma konsollar ve bunlarin yapinin deprem dayanimina
olan etkisi incelenmistir. Bu amagla, 5 degisik ¢itkma konfigiirasyon alternatifi ve 3 farkli konsol boyu
parametre olarak segilmistir. Model binalar ETABS programinda modellenerek, “response spektrum”
analizi gergeklestirilmis ve sismik analiz yapilarak, konsol ve ¢ikmalarin etkisi incelenmistir.

Anahtar Kelimeler: Deprem, Deprem yinetmeligi, Diizensizlik, Konsol ¢tkma, Burulma,
INTRODUCTION

In Turkish Earthquake Code (TEC, 2007), second chapter gives the definition of irregular buildings,
limits and enforcements about irregularities. In this chapter, structural systems are classified as regular
or irregular. Irregularities may include plan (horizontal direction) or vertical arrangements. The code
advise to avoid irregularities in preliminary design stage and states that seismic behaviour of irregular
buildings are unfavourable. From previous earthquakes, it is known that, irregularities decreases the
earthquake performance of structural systems. (Mendi, 2005). The code states that, geometry of the
building may become a negative factor for seismic resistance. In the code, irregularities are defined
under two main headings, in plan (A) or in elevation (B). Irregularities in plan divided to; torsional
irregularity, floor discontinuities, projections and non-orthogonal structural layouts (Ozmen and Unay
2007). Besides, irregularities in elevation includes, stronger beam-weaker columns, captive columns, and
earthquake hammering effects (Figure 1) (Tezcan, 1998).



Overhangs in Structural Systems and Earthquake Behaviour From Torsional Irregularity Point of View 407

( IRREGULAR BUILDINGS )
— Irreaularities in Plan-A )
m | Torsional Irreqularity-Al )
m | Floor Discontinuities-A2 )
e Proiections in Plan-A3 )
——{ Nonparallel Axes of Structural Elements ]
| Irreqularities in Elevation-B )
‘ _mrstorev Strenath Irreqularity (Weak Storev)- B1 )
_[ Interstorey Stiffness Irregularity (Soft Storey)- B2 ]
[ Discontinuity of Vertical Structural Elements-B3 ]
s | Other irreaularities )
— Seismic poundina )
| Short column formation )
——{ _ Strona beam-weak column formation ]}

Figure 1. Irregularities defined in the Turkish Earthquake Code (TEC, 2007)

Earthquake code also defines what the designer do if there exist irregularities in the structure (Mendj,
2005). If there is Al and B2 type irregularity, then, seismic analysis type is dictated by the code. If there is
A2 and A3 type irregularity, the designer must prove that, floor system can transfer seismic loads safely.

MATERIALS AND METHODS

During the seismic analyses, two orthogonal directions are assumed to be exist. Under lateral
earthquake forces, displacements of column bottom and top joints are calculated (i) (Figure 2). Storey
drift is calculated as the difference of joint displacements of two consecutive floor levels and defined as

A=(81)~(5i1) (1)

During the application of lateral forces, + %5 eccentricities must be taken into account. In two orthogonal
directions. The minimum (Aimin) and maximum (Aimax) floor drifts are calculated and the mean storey
drift is calculated as;

Avave=((Aimax)+ (Aimin))/2 2)

The factor for torsional irregularity (evi) can be determined as the ratio of maximum relative drift to the
average drift at the same story. Both values must be calculated at the same direction

T]bi=(Aimax)/( Ai-ave) (3)
In the case of buildings torsional irregularity value, ovi exceeds the value of 1.2, then, it is said that type
Al irregularity exist in building. If this value is between 1.2 and 2, then the additional eccentricity is

increased and the solution is repeated. The eccentricity amplification (D), factor is defined as;

Di=( mpi/1.2)? 4)
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Now the design eccentricity (ed) becomes
ed=e+0.05x Di ©)

If the torsional irregularity factor exceeds value of 2 then, the structural system must be revised or
changed and the analyses must be re-performed. At that point, it is very important for the designers
that, torsional irregularity is an unwanted situation. Although code gives several penalties for this case,
it is better to avoid torsional movements. Code just warns designers about the adverse effects of
unpredictable movements in the structure (Dukkal, 2007). There is no any dynamic amplification in
TEC-2007 for torsional responses (Inel et al., 2008). In several documents dealing with post earthquake
reports, devastating effects of torsional effects are reported (Gulay and Calim, 2003).
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Figure 2. Calculation of maximum and minimum storey drifts

If there is a torsional irregularity, then the seismic analysis method must be dynamic analysis type and
equivalent earthquake loading method must be avoided. (Tezcan and Alhan, 2008). The resistance point
of structure to the lateral loads is center of rigidity. The seismic loads are assumed to be applied to the
center of mass. The distance between these two points creates rotational movements and extra force or
moments to the structural members. Especially additional shear forces can create unpredictable failures
in the structure. The modification of center of mass is difficult since it depends on geometry. Designer
can change the center of rigidity by changing the structural system (Ozmen and Unay 2007).

Plan Geometry and Torsional Irregularity

Building plan geometries and torsional response relationships were investigated using finite element
models (FEM) of the selected structural systems. Cases involving cantilever projections or overhangs
was evaluated within the study. The generated 3D models were analysed under lateral earthquake
loadings and the results were compared in terms of their earthquake behaviour based on torsional
irregularity and with the help of the graphics.

Overhangs and Torsional Responses

Open or closed cantilever projections are a form of irregular mass distribution commonly
encountered in the Turkish urban pattern to enlarge plan dimensions and create space for balconies
(Ozmen and Unay 2007). Cantilevered facades are also fashionable for architectural and aesthetic
reasons. The majority of RC-framed buildings in Turkey have overhangs after their ground storeys due
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to public improvement laws and a lack of building lots. Because city municipalities limit a building’s
first-storey footprint-to-plot ratio, cantilever projection construction in the form of beams or block joist
floor (hollow-tile floor slab) framing is often employed at the second-floor level. Public improvement
laws permit land developers to cover more area on upper floors than on the ground floor. The aim of
cantilever projections is thus to maximise the gross floor area of a building by utilising the land in the
most effective manner. However, this practice can have negative effects on seismic behaviour. In Turkey,
the cantilever length is commonly approximately 1.5 m, while in some cases it can be 2 m or more at the
first floor level, as shown in Figure 3.

Figure 3. Long, heavy overhangs over a soft storey formation

The problems related to cantilever overhangs include the following.

e If overhangs are not located on the central axis of a building, they will create torsional irregularities
and their lateral rigidity will differ from that of the floors below or above.

e The mass centre of the structure is far from the ground. Heavy overhangs shift the buildings mass
centre upwards and remove it from the centre of rigidity.

¢ Under earthquake motion, closed projections in particular will experience critical displacements,
which may lead to a partial collapse.

e The final problem is related to the vertical direction of earthquakes. Many buildings with large,
heavy overhangs have been damaged when subjected to the vertical component of an earthquake
(Ozmen and Unay 2007; Inel et al., 2008).

If cantilever projections are to be made, the beams should be continuous under the cantilevered slab.
Past earthquakes have revealed that buildings with heavy overhangs are more susceptible to damage,
and some buildings have been severely damaged due to long, heavy cantilevers beginning on the second
floor level. During the 1999 Marmara and 2003 Bingol earthquakes in Turkey, it was observed that
buildings with heavy overhangs and balconies sustained heavier damage than those with regular
elevations.

Six different 9-storey structural models, including the reference building, were modelled to investigate
the relationship between cantilever projection and the consequences of earthquakes (Figure 4). The
reference structure was a typical moment-resisting, beam-column dominated RC frame, which is the
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most common seismic framing system used in Turkey for building construction. The reference structure
was an ordinary building with the floor plan shown in Figure 5. The reference model’s frame measured
25 m by 25 m in plan and had 5@5 m bays in both the X and Y directions. The floor plans were identical
in all storeys.

Figure 4. Finite element model of the model structure

The first model, or reference model, did not contain a cantilever projection and was named the “Regular
Frame”. The second model (Case D) contained an overhang along the one side, while Case E had were
two projections on adjacent sides. Case F also contained two projections, but on two opposite sides.
Three and four cantilevers were attached to the regular frames in Cases G and H, respectively. The
model identifiers are provided in Figure 6. The generated models did not contain any code-defined
irregularities such as weak or soft storeys (B1-B2), floor discontinuities (A2), projections in plan (A3) or
nonparallel axes.

Three-dimensional mathematical models were created using the ETABS finite element program to
carry out separate linear dynamic analyses in the longitudinal and transverse directions. During the
dynamic analysis, square root sum of squares-SRSS combination method is prefferred since the regular
building plan was chosen as symmetric, SRSS method would be suitable. The dynamic analysis are very
important for irregular buildings. The irregularity may result in more complex response than the
assumed behaviour. The columns were designed to be square for simplicity. As stated above, the
reference model building did not contain overhangs, but the other models contained overhangs with
various configurations. The columns in the model are square columns and contained %1 amount of steel,
which was the minimum amount in the Turkish reinforced concrete code.
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Figure 5. Reference model of a moment-resisting frame
DISCUSSIONS

The proper representation of building stock was the primary concern in the design and detailing of
the model buildings. Because the majority of Turkish buildings were constructed according to the 1975
Turkish Earthquake Code, the selected model buildings were designed according to this code and
considering vertical gravity loads. The vertical loads consisted of live and dead slab loads, infill wall
loads on beams and the dead loads of columns and beams. The total gravity load was calculated as 1.4
times the dead load (G) plus 1.6 times live load (Q). To prevent creep failure, the Turkish Reinforced
Concrete Code (TS500, 2000) dictates that, the capacity of a column (Acxfa) must be at least twice that of
the load calculated using the 1.4G+1.6Q load combination. Here, G is the dead load and Q is the live load
acting on the columns’ tributary area. Note that the storey weight consists of the dead load and 30% of
the live load (for residential buildings according to TEC-2007) at the time of the earthquake.

A concrete strength of 15 MPa was selected even though the minimum concrete class given in the
TEC-2007 is 20 MPa, and the reinforcement ratio of the columns was set at 1.5%. The uniform slab
gravity loads were 2.5 kN/m? for the dead load case and 3 kN/m? for the live load case. The dead load of
the infill walls was assigned as uniformly distributed loads on the beams. The thickness of the exterior
infill walls was 200 mm, considering the window openings, while the thickness of the interior walls was
100 mm. The thickness of the slab was 150 mm and the typical floor height was set at 3 m. The beam
cross-sections were assumed to be T-shaped for the interior beams and L-shaped for the exterior beams.
All beams had 200 mm cross-sectional widths.



412 H. H. KORKMAZ

[}
[l

J
[l

[l

[}
[

-
o
r
-
r

1 [

-

D
_
L ) 7

Case E

e B

Case G Case H
Figure 6. Model identifiers for cases with heavy overhangs

The column and beam dimensions used in this study were typical frame element proportions
present in the existing Turkish building stock. Analyses were carried out using the gross section
properties of the concrete elements. No effort was made to create a strong column-weak beam system
because such systems were not considered in the 1975 version of the Turkish Earthquake Code. All
structural members were placed orthogonally with continuous framing. The building was assumed to
have 5% damping in all of its deformation modes (Tezcan and Alhan, 2008; Inel et al.,2008)

The columns were modelled with frame members, while the slabs were modelled with shell
elements and meshed. These slabs were assumed to be infinitely rigid and rigid diaphragms were
assigned. The beams were also meshed to ensure that the beam mesh points and slab mesh points
coincided. Foundations were not considered, and fixed supports were assumed at the base of each
building. Seismic analyses were carried out in accordance with the recently published Turkish
Earthquake Code (TEC, 2007). Four different soil types were defined in TEC-2007. This study used the
Z3 type soil class. The Z3 type soil class has characteristic spectrum periods of T+=0.15 sec and Tv=0.6 sec
(Figure 7). Turkey is divided into 5 earthquake zones, where the 1t zone is the most seismic, with a
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design ground acceleration of Aoe0.4g. The model structures were assumed to be located in the first
seismic zone (or regions of high seismicity) and the importance factor, I, was set equal to 1.0 (for
residential and office buildings, hotels, building-like industrial structures, etc.). Because the structures
were assumed to be designed according to the 1975 version of the Turkish Earthquake Code, the
structural behaviour factor, R, was set equal to 4 for reinforced concrete moment resisting frames of
nominal ductility. An additional accidental eccentricity of 5% was applied even when the existing
eccentricity of the structure was zero, as dictated by TEC-2007.
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Figure 7. Spectrum curve for the Z3 soil type (TEC, 2007)

For models with overhangs, the beams connecting the exterior columns (Figure 8) were shifted to the
tips of the cantilever beams, which were extended from the exterior column to the external face of the
cantilever. In exterior columns, the cantilever beams extended from the column’s top joint to the
cantilever’s external face (Beam 1 or Beam 2 in Figure 8). This beam application is common in Turkish
residential buildings, where beams are hidden at the tops of exterior brick infill walls.

Overhang

External
Column

r\ | |
] | | | Cantilever Beam
— —

External

Shifted . Face of Cantilever

Corner

L] [] []

Overhang

a) b)
Figure 8. Exterior beam configuration at the building corner
(a-without overhangs, b-with two adjacent overhangs)

The infill wall loadings were relocated on the beams surrounding the overhang portion. The cantilever
length was also a parameter and set at L=1 m, 2 m or 3 m. Cantilevers more than 3 m long are not
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common in practice, but this case was analysed to represent an extreme condition. The earthquake
definitions (mode superposition) were applied in two orthogonal directions along the X and Y global
axes. A dynamic analysis was performed and the joint drifts were determined. Torsional irregularity
factors were calculated for every floor and the maximum values are represented in Figure 9, which also
illustrates the code limit of 1.2. This graph clearly shows that the code limit was exceeded for Cases D
and G at every cantilever length. In Case E, on the other hand, the limit value was exceeded for the 3-m
cantilever length. The torsional irregularity factors were below the code limit in Cases F and H..
Although the reference model structure was a regular, symmetric building, the cantilevers disturbed its
torsional stability in every case except for Case F. This result was quite logical because the overhangs on
the opposite sides balanced the structure (Korkmaz and Korkmaz, 2013).
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Figure 9. Torsional irregularity factors for cantilever projection cases

The maximum torsional moment due to the lateral earthquake loadings occurred in the corner column
on the 6-F axes, and is investigated in Figure 10. The obtained torsional moments were normalised by
dividing them by the corresponding moment obtained from the regular case. The torsional moments
were increased in all cases except Case F. Cantilever length had a significant effect on torsional
moments. As the cantilever length increased, the torsional moments also showed an increasing trend.
The inferior situations were Cases D, E and G, while Case F displayed similar results to the regular case.
The torsional moments in Case D were approximately 5 times higher than those in the regular case,
while those in Cases E and G were 4 times higher and those in Case H were 2 times higher.
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Figure 10. Torsional moment ratios for the cantilever projection cases with respect to the regular case

CONCLUSIONS

In this paper, architectural plan geometries and torsional responses were evaluated using 3D finite
element models of selected structural models that reflected the existing residential building stock in
Turkey. The basic reference structure had a square plan geometry and contained no soft or weak
irregularities or projections in plan, nor did the models include elevation irregularities, floor
discontinuities or discontinuities in vertical structural elements. The span lengths were 5 m and there
were 5 spans in the X and Y directions. The storey height was 3 m throughout all the buildings. The
columns were designed as square and the dimensions of the all columns were identical within each
storey, while the column sizes were altered as the number of storeys was increased. The column
dimensions are determined according to the load level in dead load case. Under dead and live load
combination (1.4xDead+1.6xLive), the column forces (F) must be half of the columns axial load carrying
capacity (F<(0.5)xFcap). The first case examined the effects of cantilever projections or overhangs, which
are very common in the Turkish residential building stock, on the torsional response of a structure. A set
of 6 models, including a reference model, was analysed for orthogonal earthquake directions. The mode
superposition method was used to evaluate the earthquake response of each model. The overhang
configurations of one overhang (Case D), two overhangs (Cases E and F), three overhangs (Case G) and
four overhangs (Case H) were considered. The overhang length was also a parameter, with 1 m, 2 m,
and 3 m overhang lengths considered. The maximum and minimum storey drifts were calculated and
the torsional irregularity factors (nwi) were determined. Although the torsional irregularity factor of the
reference building with no overhangs was 1.06, the ovi values for Case D (one overhang) and Case G
(three overhangs) exceeded the code limit of 1.2 for all overhang lengths. In Case E (two overhangs on
adjacent sides), this limit was also exceeded for overhang lengths of 2 m and 3 m. In Case H (four
overhangs), the nui values fell below the limit of 1.2. A superior response was obtained in Case F (two
overhangs on opposite sides) and its npi values were nearly equal to those obtained for the reference
model. The code upper limit of 2 was never exceeded in any case. The inferior performance obtained in
Cases D and G could be attributed the fact that the symmetry of the floor had been disturbed. Although
Cases F and H contained overhangs, the ovi values remained below the code limit because symmetry
existed. The overhang length also had effects on the torsional response and was more pronounced in
Cases D and E. The torsional moments in the corner columns due to earthquake loadings were also
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calculated and compared, and those on the corner column in Case D was approximately 5 times, those in
Cases E and G were 4 times, and that in Case H was 2 times higher than the torsional moment of the
reference regular case with no overhangs. The torsional moment in the corner column of Case F
remained approximately constant. This study was conducted to illustrate the importance of building
geometrical properties, architectural design decisions and their consequences in earthquake responses,
and to remind both civil engineers and architects that earthquake-resistant structural design is a
common responsibility that must be shared. More numerical analysis must be done to account for soft
storeys, short column effects and architectural design.

Symbols

dr: displacements of column bottom and top joints

Aiave:Average story drift

Aimax, Aimin:Maximum and minimum story drifts
nei: Factor for torsional irregularity
D;,: The eccentricity amplification factor

ed: Design eccentricity

REFERENCES

Duggal S.K., 2007, Earthquake Resistant Design of Structures, UK: Oxford University Press, London, UK.

Gulay, F.G., Calim, G., 2003, “A Comparative Study of Torsionally Unbalanced Multi-Storey Structures
Under Seismic Loading”, Turkish Journal Engineering Environment Science, Vol. 27, pp. 9-11.

Inel, M., Ozmen, H.B., Bilgin, H., 2008, “Re-evaluation of Building Damage During Recent Earthquakes
in Turkey”, Engineering Structures, Vol. 30, pp. 412-427.

Korkmaz, S.Z., Korkmaz, H.H., “Seismic Design Considerations about Architectural Design Aspects and
Irregularities”, Proceedings of the World Congress on Advances in Structural Engineering and
Mechanics (ASEM13), Korea, 2013.

Mendi, H.E., 2005, Evaluation Of Architectural Consciousness And Exploration Of Architecture-Based Issues In
Seismic Design, MSc Dissertation, Middle East Technical University, Ankara.

TEC-2007, Turkish Earthquake Code, Specification for Buildings to be Built in Seismic Zones, Ministry of Public
Works and Settlement, Ankara, 2007.

Tezcan, S., Alhan, C., 2008, “Parametric Analysis of Irregular Structures under Seismic Loading
According to the New Turkish Earthquake Code”, Engineering Structures, Vol. 23, pp. 600-609.

Tezcan, S., 1998, An Architect’s Log Book for Earthquake Resistant Design, Turkish Earthquake Foundation
Press, Istanbul, Turkey.

TS500-2000, Turkish Reinforced Concrete Code, Turkish Standarts Institue., Ankara, 2000.

Ozmen, C.,, Unay, A.L, 2007, “Commonly Encountered Seismic Design Faults due to the Architectural
Design of Residential Buildings in Turkey”, Building and Environment, Vol. 42, pp. 1406-1416.



S.U. Miih. Bilim ve Tekn. Derg., c.6, 5.3, ss. 417-432, 2018
Selcuk Univ. J. Eng. Sci. Tech., v.6, n.3, pp. 432-432, 2018
_ SELCUK ISSN: 2147-9364 (Electronic)
UNIVERSITESI DOI: 10.15317/Scitech.2018.142
MUHENDISLIK FAKULTESI

BASIT MESNETLI TEK ACIKLIKLI CELIK DEMIRYOLU KOPRUSUNUN DEPREM
DAVRANISININ KIRILGANLIK EGRILERI YARDIMI iLE DEGERLENDIRILMESi

12Mehmet Fatih YILMAZ, 2Barlas Ozden CAGLAYAN

1Ondokuz Mayis Universitesi, Miihendislik Fakiiltesi, fn§aat Miihendisligi Boliimii, SAMSUN
2[stanbul Teknik Universitesi, Insaat Miihendisligi Fakiiltesi, Insaat Miihendisligi Béliimii, [STANBUL
Tyilmazmehmet3@itu.edu.tr , 2 caglayan@itu.edu.tr

(Gelis/Received: 09.08.2017; Kabul/Accepted in Revised Form: 28.12.2017)

0Z: Kirilganlik analizi kdpriilerin deprem performanslariin belirlenmesinde yaygmn bir sekilde
kullanilmaktadir. Aktif deprem kusaginda yer alan {ilkemizde demiryolu kopriilerinin deprem
performanslarinin belirlenmesi olas1 deprem senaryolari i¢cin maddi ve can kayiplarinin 6nlenmesi i¢in
biiyiik onem tagimaktadir. Ulkemizdeki demiryolu képriilerinin 19 uncu yiizyillin sonlari ile 20 inci
ylizyilin baglarinda insa edildigi goriilmektedir. Devlet Demiryollar1 envanterinde bulunan kopriiler;
celik, yigma ve betonarme kopriilerden olusmakla birlikte bunlarin 6nemli bir kismu tarihi koprii
niteligindedir. Demiryolu kdpriilerinin uzun kullanim 6mriiniin olmas: ve kopriilerin imal edildigi
zamanin teknolojisi ile glintimiiz teknolojisi arasindaki gelismeler goéz oOniine alindig1 takdirde
kopriilerin deprem performanslarinin belirlenmesi i¢in ayrintili ¢alismalarin yapilmasi gerekliligi acikca
goriilmektedir. Bu calismada Tiirkiye’de ki demiryolu hatlarinda siklikla kullanilan basit mesnetli tek
aciklikli bir celik demiryolu kopriisii ele alinmistir. Kopriiniin dogrusal olmayan analizlerinin
yapilabilmesi i¢in A, B ve C zemin siniflarinda 30 farkli gercek deprem kayd: segilmis ve bu deprem
kayitlari en biiyiik yer ivmesi 0.1g ile 1.0g arasin da 10 sarsint1 siddeti degerine oranlanmis ve 300 zaman
tamum alanma dogrusal olmayan analiz gergeklestirilmistir. Kopriiniin matematiksel modeli yaygin
olarak kullanilan bir sonlu elemanlar programi yardimi ile imalat paftalarina uygun sekilde
olusturulmustur. Kirilganhk egrileri elde edilirken maksimum olasilik yaklasimindan faydalanilmis ve
her bir koprii eleman: i¢in dort farkli hasar sinifina ait kirilganlk egrileri elde edilmistir. Yapilan
analizler sonucunda koprii mesnetlerinin kopriiniin en zayif elemanlar: oldugu tespit edilmistir. Koprii
mesnetlerinde %50 olasilikla hafif hasara neden olan sarsinti siddeti parametresi 0.086g olarak
belirlenmistir. Koprii ist yap1 elemanlari incelendigi takdirde ise %50 olasilikla hasar olusmasina neden
olan sarsint1 siddeti parametresi 0.32 g olarak belirlenmistir. Ust yap1 elemanlarinda plastik davranis
basladiktan sonra yiiklerin tekrar dagilimi miimkiin olmamaktadir. Bu nedenle iist yap1 gevrek davranis
gostermekte ve hafif hasara ulasildiktan hemen sonra orta, ileri ve goc¢me durumu hasarlarn
gozlemlenmektedir. Kopriinin kullanim smir durumlart incelendigi takdirde ise kullanim hiz
limitlerinin artmasi ile koprii hasar olasiliklarimin arttifi gozlemlenmistir. Yapilan analizler dikkate
alinarak demiryolu hat giivenliginin arttinnlmas1 igin deprem riski yiiksek olan bolgelerde koprii
kullanim hiz limitlerinin sinirlandirilmasi gerektigi belirlenmistir.

Anahtar Kelimeler: Artimsal dinamik analiz, Demiryolu Kopriileri, Dogrusal olmayan analiz, Kirilganlik
Analizi, Koprii.

Evaluation of The Earthquake Behavior of Single Span Simply Supported Steel Railway Bridges by
Fragility Curve

ABSTRACT: Fragility analysis is widely used in determining the earthquake performance of bridges.
Determination of earthquake performances of railway bridges in Turkey which is located in the active
earthquake zone is of great importance for preventing earthquake loss and material loss for possible
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earthquake scenarios. When the railway bridges in our country are examined it is seen that they are
generally constructed in the late 19th century and early 20th century. Turkish Railway administration’s
bridge inventory contains steel, masonry and reinforced concrete bridges, some of which are historical
bridges. It is clear that detailed studies should be carried out to evaluate the seismic performance of
bridges considering their long period service life and changes of technology and construction
methodologies between their construction days and nowadays. In this study, a single-span steel railway
bridge with simple support, which is frequently used in railway lines in Turkey is investigated. In order
to make nonlinear analysis of the bridge, 30 different real earthquake records are selected in A, B and C
ground classes. These earthquake records are scaled to 10 different shaking intensity values between 0.1
g and 1.0 g, and 300 nonlinear time-history analyzes are performed. The mathematical model of the
bridge is constructed in accordance with the shop drawing with the help of commonly used finite
element software. When the fragility curves are obtained, the maximum probability approach is used
and the fragility curves of four different classes of damage are obtained for each bridge element. The
results obtained are elaborated in detail. As a result of the analyzes, it is determined that the bridge
supports are the weakest elements of the bridge. Intensity measure which causes 50% probability slight
damage on bridge supports is 0.086g. The intensity measure, which causes 50% probability of damages
for bridge superstructures, is 0.32 g. Redistribution of loads is not possible after plastic behavior is start
in superstructure, for this reason the superstructure shows brittle behavior and moderate, extensive and
complete damage are observed immediately after slight damage is reached. Considering the
serviceability limit state, the analysis shows that increase in the use speed, increase the probability of
failure. For the high risk seismic region use speed of Railway Bridge need to be restrained.

Key Words: Incremental dynamic analysis, Railway bridges, Nonlinear analysis, Fragility analysis, Bridge.
GIRIS aNTRODUCTION)

Kirilganlik egrileri kdpriilerin ve koprii elemanlarinin deprem performanslarinin belirlenmesi igin
siklikla kullamilan etkili bir yontemdir. Kirillganlik egrisi kopriiniin ya da koprii elemanlarinin belirli bir
yer sarsintisi degeri i¢in hasar sinirlarini olusturan siir degerleri asip asmadigim olasiliksal olarak ifade
etmektedir. Kirilganlik egrileri, deney ve gozlemlere dayali yontemlerle, uzman goriislerine dayal
yontemlerle ve analitik yontemlerle elde edilebilir (Shinozuka ve dig., 2000b). Deneysel ve uzman
goriisiine dayali yontemlerin kullanilmas: igin gerekli verilere ulasmak bircok durumda miimkiin
olmamaktadir bu nedenle analitik yontemler ile kirilganlik egrilerinin elde edilmesi ©6nem
kazanmaktadir. Analitik yontemler ile kirlganhk egrilerinin elde edilebilmesi i¢in baz1 matematiksel
analizlerin yapilmasi gerekmektedir. Statik itme analizi, dogrusal olmayan zaman tanim alaninda analiz
ve artimsal dinamik itme analizi bu analizlere 0rnek olabilirler. Dogrusal olmayan zaman tamm
alaninda analizlerle gercege daha yakin sonuglar elde edilebilmesine karsin analiz siiresi ve islem yiikii
artmaktadir. Yapilan analizlerin sonuglarina gore olasiliksal sismik talep modelleri olusturulmaktadir.
Olasiliksal sismik talep modelinin (PSDM) olusturulmasinda yapilan analizlere gore ii¢ farkli yontem
yer almaktadir, bunlar Bulut (Cloud) yontemi, Artimsal dinamik itme analizi (IDA) yontemi ve serit
(Stripe) yontemidir (Mackie ve Stojadinovic, 2005)(Dolsek, 2009). Bu calisma kapsaminda artimsal
dinamik analiz yonteminden faydalanilmistir. Bunun igin segilen gercek deprem kayitlar: sarsint1 siddeti
degeri 0.1g ile 1.0g arasinda 10 farkli degere oranlanmistir ve zaman tanim alaninda dogrusal olmayan
analizler gerceklestirilmistir. Kirilganlik egrilerinin elde edilmesinde yaygmn bir sekilde kullanilan iki
parametreli log-normal dagilim fonksiyonundan faydalanilmistir (Cornell ve dig., 2002b).

Tiirkiye’de ki demiryolu hatlarinin iilke ekonomisine ve yolcu tasgimaciligina onemli bir katkisi
bulunmaktadir. Bu nedenle olasi deprem senaryosunda meydana gelebilecek can kayiplari ve maddi
kayiplarin  Onlenmesi veya azaltilmasi i¢in demiryolu kopriilerinin deprem performanslarinin
belirlenmesi gerekmektedir. K&priilerin deprem performanslarinin belirlenmesinde kirilganhik egrileri
etkin ve yaygin bir sekilde kullanilmaktadir (Shinozuka ve dig., 2000b)(Shinozuka ve dig., 2000a)(Pan ve
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dig., 2010). Birgok durumda yeterli veriye ulasmak zor oldugu i¢in analitik yontemler ile kirilganlik
egrilerinin elde edilmesi yontemine gidilmektedir. Artimsal dinamik analiz (IDA) kopriiniin deprem
talebinin belirlenmesinde kullanilan analitik yOntemlerden bir tanesidir. Kopriinin ve koprii
elemanlarimin hasar siniflarimin belirlenmesi ise diger énemli bir husustur. Mander ve dig., (1996).
tarafindan yapilan calismada c¢elik karayolu koprii mesnetlerinin dogrusal olmayan davranislari
deneysel ve analitik yontemler yardimi ile elde edilmistir. Nielson (2005), Mander ve dig. (1996)
tarafindan yapilan deneysel calismalar ve gozlemlere dayanarak Bayesian yaklasimlarindan da
faydalanarak kirilganlhk egrilerinin elde edilmesinde koprii elemanlarini dort farkli hasar simnifi igin sinir
degerlerini belirlemistir. Belirlenen hasar sinir durumlar: dikkate alinarak maksimum olasilik yontemi
ile kirllganlik egrisine ait parametreler belirlenmektedir (Baker, 2015). Artimsal itme analizindeki analiz
yiikiiniin fazla olmas: ve kiiciik deprem kayitlarinin biiyiik sarsint1 siddeti degerlerine oranlanmasi ile
olusan belirsizliklerin giderilmesi i¢in siurlandirilmis artimsal itme analizi de kirilganlik egrisinin elde
edilmesi i¢in kullanilmaktadir (Chandramohan ve dig., 2013).

Bu calismada tipik basit mesnetli gelik bir demir yolu kopriisii ele alinmistir. Segilen koprii Manisa-
Usak-Dumlupinar-Afyon demiryolu hatt1 tizerinde yer almaktadir. Kopriiniin dinamik analizlerinin
yapilabilmesi i¢in A, B, ve C zemin siniflarindan 30 farkli gercek deprem kaydi segilmis ve segilen
deprem kayirlar1 0.1g den 1.0g ye kadar 0.1g araliklar ile 10 sarsint1 siddeti degeri i¢in oranlanmugtur.
Kopriiniin deprem performansimin belirlenmesi icin toplam 300 zaman tamm alaminda dogrusal
olmayan analiz gergeklestirilmistir. Zaman tanim alaninda analizler yapilirken Sap 2000 sonlu elemanlar
programi kullamilmistir. Analizler sonucunda koprii elemanlarinda olusan yer degistirmeler ve
donmeler kaydedilmis olasilik sismik talep modelleri olusturulmustur. Képrii elemanlari i¢in hasar sinir
durumlar1 gelik elemanlarin dénmelerine bagli olarak Mohseni, (2012) tarafindan yapilan ¢alismada
belirtilen donme degerlerine gore ve mesnetlerin yer degistirmelerine bagh olarak Neilson (2005)
tarafindan yapilan calismada belirtilen yer degistirme sinir degerlerine gore belirlenmistir. Koprii
elemanlarimin kullanilabilirlik limit durumlar1 ve dayanim limit durumlarina gore ayri ayr kirilganlik
egrileri elde edilmistir. Kirilganlik egrilerinin elde edilmesinde iki parametreli log-normal dagilim
fonksiyonlarindan faydalanilmigtir.

MATERYAL VE YONTEM (MATERIAL AND METHOD)

Kinlganlik egrisi yapisal ve yapisal olmayan elemanlar i¢in deprem etkisi altinda olusan talebin
hasar limit durumunu asip asmamast olasilig1 olarak ifade edilmektedir. Giiniimiizde yapisal ve yapisal
olmayan elemanlarin deprem performansimin ve tehlike analizlerinin yapilmasinda siklikla
kullanilmaktadir. Kirnlganlik egrilerinin elde edilebilmesi igin ¢ farkli temel yontemden
faydalamlmaktadir, bunlar uzman goriisiine dayanan kirilganhik analizi, deneysel verilere dayanan
kirilganhk analizi ve analitik kirilganhk analizidir (Nielson ve DesRoches, 2006). Uzman goriisiine
dayanan kirilganlik analizi ve deneysel verilere dayanan kirilganlik analizlerinin yapilabilmesi igin
gerekli verilere ulasilmasi ¢ogu zaman miimkiin olmamaktadir. Bu nedenle analitik kirilganlik analizi
onem kazanmaktadir. Analitik kirilganlik analizinin yapilabilmesi i¢in yapinin sonlu elemanlar modeli
gercekci bir sekilde olusturulmalidir. Yapimin deprem etkisi altindaki davranisinin belirlenebilmesi igin
dogrusal ya da dogrusal olmayan analizlerden faydalanilmaktadir. Son olarak yapinin performans
seviyeleri goz oniinde bulundurularak yapiya ait hasar limit durumlar1 belirlenmelidir.

Olasilik Sismik Talep Modelinin Olusturulmasi (Probabilistic Seismic Demand Models)

Kirilganlik egrilerinin elde edilmesinde depremin yapidan talebinin belirlenmesi igin olasilik sismik
talep modeli (PSDM) olusturulmaktadir. Bu model depremin yapidan talebinin bir sarsint1 siddeti
biiyiikliigii (IMs) cinsinden elde edilmesine yaramaktadir. Boylece depremin yapidan talebi deprem
sarsintis1 siddeti cinsinden ifade edilebilmektedir. PSDM denklem (1) de tanimlandigi sekilde elde
edilebilir.
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In(d) - In(EﬁP))
ﬂEDP\lM

Denklem 1 depremin yapidan talebi (EDP)" nin yapimin hasar limit durumu d den biiylik olma
olasiligini ifade etmektedir. Burada EDP analitik yontemler yardimi ile dogrusal veya dogrusal olmayan
analizler kullanilarak elde edilebilmektedir. EDP’ nin elde edilmesinde en gergek¢i sonug¢ dogrusal
olmayan zaman tanim alaminda analizler yardimi ile elde edilmektedir. Bu analizler rasgele secilen

P[EDP >d|IM]=1-¢( )

deprem kayitlar1 yardimi ile yapilabilecegi gibi belirli sarsinti siddeti degerine oranlanmis deprem
kayitlar1 yardimi ile de yapilabilmektedir. EDP ile IMs arasindaki ilisti kuvvet modeli ile denklem (2)
deki gibi ifade edilebilmektedir (Cornell ve dig., 2002a).

EDP =alM® (2)

Burada EDP depremin yapidan talebini, IM ise deprem sarsint1 siddetini ifade etmektedir. a ve b
degerleri ise dogrusal regresyon analizi sabitleridir. Denklem (2) deki kuvvet modelinde esitligin her iki
tarafiin da logaritmas: alinirsa denklem (3) teki gibi dogrusal bir ifade elde edilmis olur.

In(EDP) =In(a) +bIn(IM) 3)

Denklem (1) de ¢ standart normal dagilimi ifade etmektedir. ﬂEDP“M ise kosullu standart sapmay1 ifade

etmektedir. Olasilik talep modelinde kosullu standart sapma ne kadar biiyiik ise deprem talebindeki
belirsizlik o kadar artmaktadir. ,b’EDP“M denklem (4) yardimi ile belirlenebilir (Padgett ve dig.,

2008)(Padgett ve DesRoches, 2008).

IBEDp“M ;\/Z(In(di)—ln(a”w ))2 (4)

N-2

Maksimum Olasilik Yontemi ile Kirilganlhik Egrilerinin Elde Edilmesi (Deriving Fragility Curve Using
Maximum Likelihood Method)

Kirilganlik egrisi yaygin bir sekilde iki parametreli logaritmik normal dagilim fonksiyonu yardimi
ile tammlanmaktadir. Kirilganhk egrisinin elde edilebilmesi i¢in bu iki parametrenin belirlenmesi
gerekmektedir. Kirilganlik parametrelerinin belirlenmesi i¢in dogrusal ve dogrusal olmayan
analizlerden faydalamilmaktadir. Kirillganlik egrisi parametrelerinin belirlenmesi ic¢in yaygin olarak
kullanilan iki istatistiki yontem literatiir'deki ¢alismalarda yer almaktadir. Moment yonteminde analitik
verilere ait standart sapma ve ortalama (moment) degerleri elde edilmektedir. Maksimum olasilik
yonteminde ise analiz verileri sonucunda elde edilen verilere en biiyiik olasilikla yakinsayan egriyi
tanimlayan parametreler bulunmaktadir (Baker, 2015).

P(C|IM :x):GJ[WJ )

Denklem (5) te yer alan P(C|IM =X) ifadesi deprem sarsinti siddetin IM in x degerine esit olma
durumunda yapida hasar olusma olasiligini ifade etmektedir. @ birikimli standart normal dagilim
fonksiyonunu ifade etmektedir, & ve [ ise ortalama ve standart sapma degerlerini ifade etmektedir.
Yapilan analizler sonucunda bilinmeyen & ve § degerleri hesaplanmaktadir.

Kirilganlik fonksiyon sabitlerinin belirlenmesi igin etkili bir sekilde kullamilan yontemlerden bir
tanesi de artimsal dinamik itme analizi (IDA) yontemidir. Bu yontemde bir gurup gercek ya da sanal
deprem kayd: segilir ve secilen deprem kayitlar1 hafif sarsinti siddetinden biiyiik sarsint1 siddetine
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dogru kademeli bir sekilde oranlanarak her bir sarsint1 siddeti i¢in yapida olusan tepkiler belirlenir.
Yap1 tamamen go¢me durumuna ulagincaya kadar sarsinti siddeti degeri arttirilarak oranlamalara ve
analizlere devam edilir. Artimsal itme analizinin yaygin bir sekilde kullanilmasina karsin bazi olumsuz
yonleri bulunmaktadir. Bunlardan birincisi, deprem kayitlarinin yapida tamamen gdg¢meye neden
olacak sarsint1 siddeti degerine kadar oranlanmas: dolayis: ile yapilmasi gereken analiz miktarinin
artmasi ve analiz zamaninin artmasidir. Tkincisi sarsint1 siddetinin cok biiyiik degerleri gercek hayatta
gozlenme olasiligi ¢ok diisiik olan depremleri ifade etmektedir dolayisi ile yapilarin bu biiytikliikte
depremler ile karsilama ihtimali yok denecek kadar azdir. Son olarak ise kiiciik sarsint1 siddetine sahip
deprem kayitlarim1 biiylik sarsinti  siddetlerine oranlamak deprem kayitlarimin karakteristik
Ozelliklerindeki farkliliklar goz Oniine alindigi zaman gercek¢i sonug vermeyecegi goriilmektedir. Bu
durumda sinirlandirilmis artimsal dinamik itme analizi bir alternatif olarak kagimiza ¢ikmaktadir.
Deprem miihendisliginde sarsint1 siddetinin yapmin bulundugu bélgede gozlemlenebilir degerlerde
oldugu durumlara kars1 gelen veriler daha degerlidir. Bu nedenle analizlerde kullarulacak deprem
verileri belirli bir sarsint1 siddeti degerine kadar oranlanmasi ile biiyiik analiz yiikleri ve diger olumsuz
durumlar hafifletilmis olacaktir.

Denklem (6) maksimum olasilik fonksiyonu ile kirilganlik egrisinin tanimlanmasim ifade etmektedir.
Denklem (7) de verilen ifadede esitligin sag tarafi igin en biiylik degeri veren & ve [ degerleri
belirlenmektedir. Bu degerlere gore elde edilen kirilganlik egrisi analizler sonucu elde edilen talep
durumlarina en uygun egriyi vermektedir.

(6)

Likelihood = ¢(Wj

{é,ﬁ}zarg max,, i{lmﬁ(Wﬂ+[m-m]|n{1-c{>(%ﬂ )

Kopriiniin Kullanim ve Giivenlik Limit Durumlarinin Belirlenmesi (Determining Serviceability and
Damage Limit State of the Bridge)

Kopriilerde olusan hasarlarin limit durumlarinin belirlenmesi kopriiniin deprem performansinin
belirlenmesinde 6nemli rol oynamaktadir. Her bir koprii elemamn: digerlerinden farkli karakteristik
Ozelliklere sahip olabilmektedir, bu nedenle koprii elemanlarinda ayri ayri meydana gelen hasarlar ile
kopriintin tamaminda meydana gelen hasarlar farklihik gosterebilmektedir. Koprii elemanlarinda
meydana gelen hasarlar tarif edilirken HAZUS-MH (FEMA,2003) te tamimlanan dort farkli hasar
durumundan faydalanilmistir. Bunlar, hafif hasar, orta hasar, ileri hasar ve go¢gme durumudur. Her bir
hasar smif1 kopriiniin kullamim performansinda belirli bir kayba ulasmas: ve kopriiniin onarilabilmesi
icin gerekli siireye gore belirlenmektedir. Boylece farkli elemanlarda meydana gelen hasar durumlar:
degerlendirilirken olusan hasar durumlarimin koprii {izerindeki etkileri dikkate alinmis olmaktadir.
Yapilan analitik caligmalar sonucunda her bir koprii elemanina ait kirilganhk egrileri ayrn ayn elde
edilmektedir boylece koprii elemanlarinin ayri ayri deprem performanslari ile degerlendirme
yapilabilmekte ve etkili bir giiclendirme yapabilmek icin hangi elemanlara éncelik taminmas: gerektigi
ile ilgili degerlendirme yapilabilmektedir.

Bu calismada Tiirkiye demiryolu hatt: {izerinde yer alan tipik basit mesnetli dolu govdeli kirig yardimi
ile teskil edilmis tek aciklikli bir kdprii ele alinmistir. Koprii bir tarafinda sabit diger tarafinda hareketli
mesnetler yardimu ile teskil edilmistir. Bu mesnetler karayolu kopriilerinde kullanilan tipik kisa tip gelik
mesnetler ile benzer 6zelliktedirler. Kisa tip ¢elik mesnetlerin dogrusal olmayan davramslart Mander ve
arkadaslar1 tarafindan deneysel olarak belirlenmistir (Mander ve dig., 1996) ve ileriki boliimlerde
ayrintili bir sekilde bahsedilmektedir. Koprii mesnetlerine ait hasar limitleri sinir durumlar1 Cizelge (1)
de gosterilmistir.
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Cizelge 1. Mesnet yer degistirme hasar limitleri (Nielson 2005)
Table 1. Bearing displacement damage Limit States (Nielson 2005)

. Hasar limitleri
Birlesenler .
Hafif Orta Hleri Gocme
Kisa tip gelik sabit mesnet-Boy(mm) 6 20 40 255
Kisa tip celik sabit mesnet-En(mm) 6 20 40 255
Kisa-tip celik hareketli mesnet-Boy(mm) | 50 100 150 255
Kisa-tip celik hareketli mesnet-En(mm) | 6 20 40 255

Kisa tip gelik sabit mesnet i¢in boyuna dogrultuda 6mm yer degistirdigi durumda mesnedin oturdugu
beton ayak iizerinde catlaklar olusmaktadir ve hafif hasar olarak tanimlanmistir. 20 mm yer degistirme
olustugu durumda ise mesnette akmalar meydana gelmekte ve ankraj bulonlarinda biiyiik yer
degistirmeler gozlemlenmekte ve orta hasar olarak tamimlanmaktadir. 40 mm lik yer degistirme
meydana geldiginde kopriiniin mesnetten diistiigii ya da mesnette biiyilik yer degistirmeler meydana
geldigi gozlemlenmekte ve ileri hasar olarak tanimlanmaktadir. 255 mm lik yer degistirme meydana
geldiginde kopriiniin ayak ya da yaklasim {izerinden diistiigii kabul edilmekte ve go¢me sinir durumu
olarak tanimlanmaktadir.

Koprii iist yapis1 dikkate alindig: takdirde yapma gelik elemanlardan tegkil edildigi goriilmektedir.
Yiiklerin tasryic1 sistem tiizerinde aktarmmi sirasi ile raylardan traversler aracilig ile boylamalara oradan
enlemeler ve ana kiriglere daha sonrada mesnetler aracilig1 ile zemine sekildedir. Yiik aktarim esnasinda
koprii elemanlar: egilme etkisine maruz kaldig goriilmektedir. Egilme etkisi altindaki ¢gelik elemanlarin
hasar smir durumlar1 elemanlarda meydana gelen donmelere bagh olarak Cizelge (2) de belirtilmistir.
(Mohseni, 2012).

Cizelge 2. Celik elemanlarin moment-egrilik hasar sinir degerleri.
Table 2. Moment-Rotation damage state of steel frame

. Hasar limitleri
Birlesenler .
Hafif Orta leri Gogme
Kiris donme stinekligi Lo 1 3 6 8

Kullanim sinir kosullari ise bu ¢alismada goz oniine aliman diger bir hasar sinir durumudur. 1999
Kocaeli depremi esnasinda Haydarpasa-Istanbul tren hatt1 {izerinde hareket halinde olan baz trenler ray
hattindan ¢itkmis ve bakim istasyonlarindaki bazi trenler ise devrilmistir (Byers, 2004). Tiirkiye’deki
demir yolu hatt1 incelendigi takdirde bazi bolgelerde kopriiler arasindaki mesafenin ¢ok az oldugu
goriilmektedir, bu ise deprem esnasinda hareket halindeki bir trenin koprii tizerinde yer alma olasthgim
arttirmaktadir. Bu nedenle yapilan calismada trenin koprii {izerinde olmasi durumu incelenmis ve bu
durumda EN 1990 Annex 2 de demiryolu kopriilerinin kullanim simir kosulari igin belirlenen sinur
durumlarin asilip asilmadigr degerlendirilmistir. EN1990 annex 2 de farkli tren hizlari i¢in yanal yer
degistirme sinirlar1 Cizelge (3) teki gibi belirlenmistir.

Cizelge 3. Kullanim durumu yanal yer degistirme sinir kosullar1
Table 3. Serviceability lateral displacement limit state

Hiz Degeri V (km/h) Donme Yaricap (1/m)
(rad)
V<120 0.0035 1700
120<V<200 0.0020 6000
V>200 0.0016 14000

Deprem etkisi altinda kopriide olusan yer degistirmeler dikkate alinarak kullanim kosullari igin
kirilganhik egrileri elde edilmistir.
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SECILEN KOPRUNUN TANIMI (DESCRIPTION OF CASE BRIDGE)

Tiirkiye demir yolu hatlarinin imalat: Ingiltere, Fransa ve Almanya gibi Avrupa {iilkelerinin katkilar:
ile tarim {riinlerinin ve degerli madenlerin limanlara tasinmasi icin yapilmaya baglanmigtir.
Tiirkiye’deki ilk demir yolu hatti 1856 yilinda Izmir ve Aydin arasinda bir Ingiliz firmasi tarafindan insa
edilmistir ve uzunlugu 130 km dir (Cagliyan ve Yildiz, 2013). Tiirkiye’deki demiryolu hatlari bakim
onarim ve isletme kolayligi bakimindan 7 bolgeye ayrilmistir. Toplam demiryolu hatti uzunlugu 8722
km’dir. Demiryolu hatlarinda toplam 25443 adet menfez ve koprii yer almaktadir ve bu yapilarin %81
1960 6ncesinde insa edilmistir. (Cagliyan ve Yildiz, 2013) Bu nedenle demiryolu hatlar1 tizerinde tarihi
degere sahip bir¢cok yapi yer almaktadir.

Bu calismada Manisa-Usak-Dumlupinar-Afyon hatti {izerinde yer alan tek agiklikli basit mesnetli bir
celik demiryolu kopriisii ele alinmistir. Koprii iki ana kiris tarafindan tasinmaktadir, ana kirislere
enleme kirigleri baglanmakta enleme kirislerine de boylama kirigsleri baglanmaktadir. Boylama
kirislerinin iizerine celik tabla yardimi ile balast teskil edilmis, traversler balast taslarmin iizerine
yerlestirilmistir. Traverslerin {izerine ise raylar teskil edilmistir. Boylece tren yiikleri ana kirislere sira ile
aktarilmakta ve ana kiriglerden mesnetlere aktarilmaktadir. Képrii boyu 22,4 m’dir. Ana kiris yiiksekligi
1.82 m’dir ve ana kiris yapma bir kiristir ve celik plakalar ile korniyerlerin perginler yardimiyla
birlestirilmesi yoluyla teskil edilmistir. Boylama ve enleme elemanlar1 IPN450, IPN300, ve UPN240
hadde profilleri yardimu ile tegkil edilmistir. Koprii tizerinde teskil edilen celik tabla ve balast taglari aymn
zamanda kopriiniin yanal rijitligine katki saglamakta ve koprii kiitlesini arttirdigr icin kopriiniin
dinamik davranigini etkilemektedir. Sekil 1 de kdpriiniin ii¢ boyutlu model goriintiisii yer almaktadir.

Sekil 1. Kopriiniin 3D model goriintimii
Figure 1. 3D model view of bridge

KOPRU MODELI VE ANALIZi (ANALYSIS OF BRIDGE MODEL)
Deprem Kayitlarinin Secilmesi (Selection of Earthquake Record)

Analitik yontemler ile kirilganlik egrilerinin elde edilebilmesi i¢in kopriiniin deprem etkisi altindaki
davrarnis1 dogrusal veya dogrusal olmayan analizler yardimi ile belirlenmelidir. Dogrusal olmayan
zaman tanim alaninda analizler dogrusal yontemlere gore daha gergekg¢i sonug verdigi icin yaygin bir
sekilde kullanilmaktadir. Artimsal dinamik itme analizi de dogrusal olmayan zaman tanim alamnda
analiz prosediirlerinden biridir. Artimsal dinamik itme analizinde deprem kayd1 gurubu belirli deprem
sarsint1 siddeti degerlerine oranlanir ve her bir sarsinti siddeti biiyiikliigii icin analizler yapilarak
kopriintin deprem taleplerinin belirlenir (Mackie ve Nielson, 2009)(Mackie ve dig., 2008). Yapilan
analizlerde segilen deprem kayitlarmin karakteristik 6zellikleri kopriide olusan deprem talebini 6nemli
Olciide etkilemektedir. Bu nedenle deprem kayitlarinin secilmesi gercekei bir sonug elde edebilmek igin
onemlidir.
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Sekil 2. Deprem kayitlarinin moment biiytikliik ve odak uzakhk dagilimlar
Figure 2. Moment magnitude and central distance distribution of earthquake record

Bu calismada 3 farkli zemin sinifindan 10 ar adet gergek deprem kaydi segilmistir. Deprem kayitlar
Tiirkiye’de de gozlenen yanal atimli depremlerden secilmistir. Deprem kayitlar1 segilirken farkl
moment biiyiikliikleri, maksimum ivme degeri PGA ve deprem odak uzakliklar1 dikkate alinmustir.
Secilen deprem kayitlara ait PGA degerleri 0.08g-0.78g arasinda degismektedir, moment biiytikliik
degeri 4,9 ile 7,4 arasinda degismektedir, ve deprem odak uzaklig1 ise 2.5kM ile 69,2 km arasinda
degismektedir. Sekil (2) de secgilen deprem kayitlarinin moment biiyiikliikleri ile odak uzakliklar
arasindaki iligski gosterilmektedir, ayrica deprem kayitlarinin zemin smiflarina gore dagilimlari, PGA,
odak uzaklik ve moment biiyiikliik degerleri Cizelge 4 te belirtilmistir. Segilen deprem kayitlari PGA
0.1g ile 1.0g arasinda oranlanarak deprem analizleri yapilmistir. Toplamda 300 deprem kayd1 icin analiz
yapilmistir.

Kopriiniin 3 Boyutlu Analitik Modelinin Olusturulmasi (Deriving 3-D Analytical Model of Bridge)

Koprii modeli olusturulurken ¢ubuk elemanlardan faydalanilarak imalat projesine ve arazi
olgtimlerinde elde edilen verilere gére modellemeler yapilmistir. Képrii elemanlar1 ve mesnetlerinin
geometrik kosullar1 dikkate alinarak daha gercek¢i model elde edebilmek i¢in modelleme esnasinda bu
farkliliklar modele yansitilmistir. Ornegin ana kirigler ile enleme kiriglerinin merkezleri arasinda fark
modelde link elemanlar yardimi ile tanimlanmustir.

Modelleme esnasinda traverslerin ve raylarin agirliklar1 olii yiik olarak boylama elemanlarinin
iizerine yayili yiik olarak etkitilmistir. Birlesim levhalarinin ve bayrak levhalarinin agirliklar1 ihmal
edilmistir. Kopriiniin celik malzemesi ST37 olarak tanimlanmistir. Modal analiz esnasinda koprii
tizerinde sadece 6lii yiikler goz oniine alinmistir ancak dogrusal olmayan zaman tanim alaninda
analizler yapilirken 0lii yiikler ile birlikte tren yiikleri de dikkate alinmistir. K&prii modeli Sap 2000
sonlu elemanlar programi yardim ile 242 kiris, 40 link ve 152 diiiim noktas1 kullanilarak teskil
edilmistir.

Zaman tanim alaninda analizler esnasinda malzeme ve geometri bakimindan dogrusal olmayan
davranis dikkate alinmigtir. Plastik mafsallar Sap 2000 programinin igerisinde yer alan fiber PMM
plastik mafsal modiilii kullarularak her bir kiris elemanin baslangig, orta ve bitis noktalarinda
tanimlanmistir. Geometri bakimindan dogrusal olmayan davranisin analizinde biiyiik yer degistirmeler
kuralindan faydalanilmistir zaman tamim alaninda analiz igin Newmark direk iterasyon yontemi
kullanilmigtir. Deprem kayitlarinin iki yatay ve bir diisey olmak {izere {i¢ dogrultusu i¢in de analizler
yapilmisgtir.
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Cizelge 4. Zemin siniflarina gore secilen deprem kayitlar:
Table 4. Selected earthquake record by ground classification

A zemin sinifina ait deprem verileri B zemin sinifina ait deprem verileri C zemin sinifina ait deprem verileri
Moment Yer Odak Moment Yer Odak Moment Yer Odak
Deprem Tarih  Biiyiiklik Kayit _ivmesi Uzakhgi Deprem Tarih  Biiyiiklik Kayit _ivmesi Uzakhg Deprem Tarih Biiyiiklik  Kayit _ivmesi Uzakhigi
(Mw) (9) (km) (Mw) (9) (km) (My) (@) (km)
Morgan Hill 24.04.1984 6.2 G01320  0.098 16.2  Coyote Lake 06.08.1979 5.8 G06230 0.4339 31  Coyote Lake 06.08.1979 5.7 G02140  0.339 75
Coyote Lake 06.08.1979 5.7 G01320 0.132 9.3 Northridge 17.01.1994 6.7 ORR090 05683 22.6 Coyote Lake 06.08.1979 5.7 G03050 0.272 6
Landers 28.06.1992 73 ABY090 0.146 69.2 LomaPrieta 18.10.1989 71 CLS000 0.6437 51  Coyote Lake 06.08.1979 5.7 G04270  0.248 45
Loma Prieta 18.10.1989 6.9 G01090 0.473 11.2  Livemor 27.01.1980 74 LMQO355 0.252 8 Imperial Valley 15.10.1979 7 I-ELC180 0.313 8.3

N. Palm Springs  08.07.1986 6 AZF225 0.099 20.6  N.Palm Springs 08.07.1986 6 DSP0O00 0.331 82 Imperial Valley 15.10.1979 7 H-AEP045 0.327 85
N. Palm Springs  08.07.1986 6 ARM360 0129 467 Northridge 17.01.1994 6.7 TPFOOO 0364 379 Imperial Valley 15.10.1979 7 H-BCR230 0.775 25
N. Palm Springs  08.07.1986 6 H02090 0.093 456 San Fernando 02.09.1971 6.6 ORR021 0324 249 Imperial Valley 15.10.1979 6.5 H-CX0225 0275  10.6
Whittier Narrows 01.10.1987 5.3 MTWO000 0.123 204  Whitter Narrows 10.01.1987 6 ALH180 0333 132 Cape Mendocino 25.04.1992 7.1 PET090 0.662 95
Anza (Horse Cany) 25.02.1980 49 PTF135 0.131 13 Kocaeli 17.08.1999 74 SKR090 0.376 31 LomaPrieta 18.10.1989 6.9 HCHO090 0.247 28.2

Anza (Horse Cany) 25.02.1980 4.9 TVY135 0.081 58  Victoria, Mexica 09.06.1980 6.1 CPEO45 0.62 348 LomaPrieta 18.10.1989 6.9 (02000 0367 127
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MUHENDISLIK FAKULTESI

Koprii davranisinin belirlenmesinde mesnetlerin davranisinin 6nemli bir etkisi bulunmaktadir.
Mevcut gelik demiryolu kopriisii bir tarafi hareketli (roller) diger tarafi sabit mesnet ile teskil edilmistir.
Karayolu kopriilerinde kullanilan kisa tip gelik mesnetlerin dogrusal olmayan davranislar: ayrintili bir
inceleme yapilarak Mander, (1996) tarafindan belirlenmistir. Karayolu képriilerinde kullanilan kisa tip
celik mesnetler demiryolu kopriilerinde kullanilan mesnetlere benzer davramis sergilemektedir. Bu
calismada mesnet davranislari tanumlanirken kisa tip celik mesnetlere ait davranis ozelliklerinden
faydalanilmistur.

Kisa tip sabit mesnetler her iki dogrultuda yer degistirmelere izin vermezken boyuna dogrultuda
donmelere izin vermektedir. Boyuna yonde bulon deliklerinden dolay1 2,0 mm serbest yer degistirmeye
izin verilmektedir daha sonra baslangic rijitligi 210 kN/mm olacak sekilde mesnet hareketi
gerceklesmektedir. Enine dogrultuda ise bulon deliklerinden dolay:r 1,5 mm serbest harekete izin
verilmektedir, serbest hareket sinirma ulagildifi zaman 350kN/mm rijitlige sahip olacak sekilde yer
degistirmeler gerceklesmektedir. Sekil 3 te kisa tip gelik sabit mesnetlere ait sematik goriintii yer
almaktadir. Kisa tip celik sabit mesnetlere ait kuvvet yer degistirme grafikleri ise Sekil 4 te goriildiigii
gibi Nielson tarafindan elde edilistir (Nielson, 2005).

=178 mmr—+— 178 mnmr+

152 mm——H*
I ]
-r' Il

Lq_ . _____| I38 mm ! !
’—"”—‘ — | Faemm I |

533 mm

T8 mm =76 mm

Side View Elevation View
Sekil 2. Kisa -Tip Sabit Mesnet (Nielson, 2005)
Figure 3. Low-Type fixed bearing (Nielson, 2005)
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Sekil 3. a) Boyuna dogrultu i¢in kuvvet-yer degistirme iligkisi b) Yatay dogrultu icin kuvvet-yer
degistirme iliskisi (Nielson, 2005)

Figure 4. a) Longitudinal direction force displacement graphic b) Transverse direction force displacement graphic. (Nielson, 2005)

Kisa tip hareketli mesnetler boyuna dogrultuda yer degistirmeye izin verirken enine dogrultuda yer
degistirmeye izin vermemektedir. Boyuna dogrultuda bulon deliklerinden dolay1 3.0mm serbest yer
degistirmeye izin verilmektedir, serbest yer degistirmeden sonra 87,5 kN/mm rijitlik ile mesnet yer
degistirmeleri baslamaktadir. Enine dogrultuda mesnet ile zemin arasindaki siirtiinme Kkatsayisi
pn=0.35 olarak belirlenmistir. Kisa tip hareketli mesnetlere ait sematik goriintii ve kuvvet yer

degistirme iliskisi Sekil 5 te yer almaktadir (Nielson 2005).
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Sekil 4. a) Kisa tip hareketli mesnet b) Kisa tip hareketli mesnet boyuna dogrultu kuvvet yer degistirme
iligkisi (Nielson 2005).
Figure 5. a) Low-Type steel sliding bearing b) Low-Type steel sliding bearing longitudinal direction force displacement graphic. (Nielson 2005)

Mesnetlerin dogrusal olmayan davramslart multi-linear elastik link elemanlar ve siirtiinmeli link
elemanlar yardimi ile modellenmistir. Bulon deliklerinden kaynaklanan serbest yer degistirmeler
modellemelerde dikkate alinmistir. Sekil 6 da Sap2000 programinda mesnetlerin tanimlandig1 ekran
goriintiileri ve mesnet goriintiileri yer almaktadir.

Property Name Set Detaut Name

Moddy'Show.

Order Rows

Cancel

a b c

Sekil 5. a) Sap2000 mesnet tanimlama ekrani, b) Sap2000 kisa tip gelik sabit mesnet goriiniistl,

¢) Sap2000 kisa tip gelik hareketli mesnet goriintiisii
Figure 6. a) Sap2000 bearing definition screen view b) Sap2000 Low-Type steel fix bearing view c) Sap2000 Low-Type steel sliding bearing
view

Artimsal itme Analizi ile Koprit Talebinin Belirlenmesi.(Determining response of bridge using Incremental
Dynamic Analysis)

Artimsal itme analizi segilen belirli bir gurup deprem kaydinin farkli sarsinti siddeti degerlerine
oranlanmasi ve analizlerin bu sarsint1 siddeti degerleri i¢in yapilmasi ile elde edilmektedir. Artimsan
itme analizi ile kopriiniin deprem talebi belirlenmektedir. Bir deprem kayd: kiiglik sarsinti siddeti
degerlerinden biiyiik sarsint1 siddeti degerlerine oranlandig1 zaman kopriide olusan yer degistirme, ig
kuvvetler ve donmeler gibi taleplerin degistigi goriilmektedir. Artimsal itme analizi ile bu artis dogrusal
olmayan dinamik yontem ile belirlenmektedir.
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Sekil 6. Kisa tip sabit mesnet enine dogrultu icin artimsal dinamik itme analiz sonuglari
Figure 7. Incremental dynamic analysis result for Low-Type steel fix bearing transverse direction

Sekil (7) da artimsal itme analizi sonucunda Kisa tip gelik mesnet Enine dogrultusu icin deprem sarsinti
siddeti degerlerine karsilik elde edilen yer degistirme degerleri logaritmik tabanda gosterilmistir. Elde
edilen veriler incelendigi takdirde koprii mesnetlerinin bir¢ok deprem analizinde dogrusal kisimda
kaldig1 goriilmektedir. Yapilan analizlerin biiyiik boliimii icin sarsinti siddeti degerinin artmasi ile
mesnetlerde meydana gelen yer degistirmelerin arttig1 goriilmektedir ancak bazi durumlarda sarsinti
siddetinin degerinin artmasi durumunda mesnette meydana gelen yer degistirmelerin azaldig:
goriilmektedir. Elde edilen veriler deprem kayitlarinin karakteristik 6zelliklerinin analiz sonuglari
iizerinde 6nemli etkileri oldugunu gostermektedir ve deprem performansimn belirlenmesinde segilen
deprem verilerinin biiyiik 6neme sahip oldugu goriilmektedir.
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Sekil 7. Kisa tip gelik mesnet olasilik sismik talep modeli
Figure 8. Low-Type steel fix bearing probabilistic seismic demand model

Artimsal dinamik itme analizi sonucunda elde edilen olasiliksal sismik talep modeli Sekil (8) de
goriilmektedir. Her bir sarsint1 siddeti i¢in 30 farkli deprem kaydi oranlanarak bu sarsint1 siddetine kars1
gelen deprem talebi belirlenmistir. Deprem kayitlarinin belirli sarsint1 siddeti degerlerine oranlanmasi
ile olasiliksal olarak esit 6rneklemeye sahip veri guruplari elde edilmistir elde edilen verilerin ortalama
ve standart sapma degerlerinden faydalamilarak olasilik sismik talep modeli olusturulmustur.
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KIRILGANLIK EGRILERININ ELDE EDIiLMESI (DERIVATION FRAGILITY CURVE)

Kirilganlik egrileri boliim 2 de belirtildigi iizere iki parametreli log-normal dagilim fonksiyonu
yardimi ile tanimlanmaktadir. Bu ¢alismada kirilganhk egrisi parametreleri maksimum olasilik yontemi
ile artimsal dinamik itme analizi verilerinden faydalamilarak elde edilmistir.

Kullanim Limit Durumlarina Goére Kirilganlik Egrilerinin Elde Edilmesi (Deriving Fragility Curve For
Serviceability Limit States)

Tiirkiye’ de ki demiryolu hatlarmin deprem performanslarinin belirlenebilmesi i¢in demiryolu
kopriilerinin deprem performanslarinin belirlenmesi gerekmektedir. Kopriiler demiryolu hatt1 tizerinde
hat uzunlugunun kiigiik bir kismini olustursalar bile maliyet agisindan bakildiginda 6nemli bir paya
sahip olduklar goriilmektedir. Ayrica kopriiler demiryolu hatti tizerindeki en kirilgan elemanlardir.
Dolays: ile demiryolu kopriilerinin performans: hat kullanimi ve giivenligi agisindan anahtar role
sahiptir. 1999 Kocaeli depreminde hareket halindeki ve bakim istasyonundaki baz trenlerin devrilmistir.
Demiryolu hatt1 tizerindeki yer-degistirmeler, raylarda meydana gelebilecek kopmalar ve kopriilerde
meydana gelebilecek yer degistirme ve hasar durumlari seyahat giivenligi a¢isindan 6nem tasidigi
goriilmektedir. Bu nedenle deprem etkisi altinda tren yiikleri kdprii {izerinde kabul edilerek yapilan
dinamik analizler sonucunda koprii yanal yer degistirme EN 1990 da belirtilen sinirlan gegip gegmedigi
irdelenmistir.
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Sekil 8. Kullanim sinir kosullarina gore kirilganlhk egrileri
Figure 9. Fragility curve for serviceability limit state

Sekil (9) de basit mesnetli ¢elik demiryolu kopriisiine ait kullamim limit durumlarina gore elde edilen
kirilganhk egrileri yer almaktadir. Elde edilen egriler incelendigi takdirde kullanim hizimin biiyiik
oldugu durumlarda kiigiik sarsint1 siddeti degerleri icin %50 olasilikla kullanim siir durumunun
asildig1 ancak kullanim hiz limitinin diigiik oldugu durumlarda ise %50 olasihikla kullanim limitinin
asilmasi icin daha biiyiik sarsint1 siddetine ulasilmas: gerektigi gozlemlenmistir. %50 olasilikla kullanim
limitinin asilmasina neden olan sarsint1 siddeti degerleri V<200, 120<V<200, ve V<120 igin sirast ile 0.06g,
0.25g ve 0.51g olarak belirlenmistir.

Képrii Elemanlarinin Kirilganlhk Egrilerinin Elde Edilmesi ( Deriving Fragility Curve for Bridge Component)

Koprii elemanlarinin deprem performanslarinin belirlenebilmesi igin iki boliimde incelenmistir.
Bunlar mesnetler ve {iist yap1 elemanlaridir. Mesnetler sabit ve hareketli mesnet olmak {izere ikiye
ayrilmaktadir. Onceki boliimlerde hareketli mesnetler, sabit mesnetler ve egilme elemanlari icin hasar
sinir durumlart HAZUS hasar sinuflarina gore belirlenmistir. Bu ¢alismada belirlenen siir durumlar:
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kullanilarak maksimum olasilik yontemi yardimi ile kdprii elemanlarina ait kirilganlik egrileri elde
edilmistir.
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Sekil 9. a) Sabit mesnet enine dogrultu icin {iretilen kirilganlik egrisi b) Kayic1 mesnet boyuna dogrultu

icin tiretilen kirlganlik egrisi
Figure 10. a) Fragility curve for fix bearing transverse direction b) Fragility curve for sliding bearing transverse directio

Sabit ve hareketli mesnetler i¢in elde edilen kirilganlik egrileri Sekil (10) de goriilmektedir. Belirlenen
dort farkl hasar smnifi igin 4 farkh kirilganhik egrisi elde edilmistir. Sabit mesnet enine dogrultu ele
alindig1 zaman % 50 olasilikla hasar limit durumun asilmasina neden olan sarsint1 siddeti degerleri hafif,
orta ve ileri hasar durumunu gosterecek sekilde 0.123g, 0.42g ve 0.93g dir. Hareketli mesnet boyuna
dogrultu ele alindi1g1 zaman %50 olasilikla hasar limit durumun asilmasina neden olan sarsint1 siddeti
degeri hafif, orta ve ileri hasar durumunu gosterecek sekilde 0.086g, 0.25g ve 0.46g dir. Elde edilen
kirilganlik egrileri incelendigi durumda hareketli mesnet boyuna dogrultunun sabit mesnet enine
dogrultudan daha kirilgan oldugu belirlenmistir. Olas1 bir deprem senaryosunda hareketli mesnedin
hasar gorme olasili§1 daha ytiksektir.
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Sekil 10. a) IPE 300 boylama elemanina ait kirilganlik egrileri, b) IPN450 enleme elemanina ait kirilganlik
egrileri, c) UPN240 boylama elemanina ait kirilganlik egrileri
Figure 11. a) Fragility curve of IPE 300 stringer element b) Fragility curve of IPN450 transverse element c) Fragility curve of UPN240
stringer element.
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Koprii elemanlarina ait kirilganlik egrileri Sekil (11) a, b ve c de goriildiigii gibi elde edilmistir. Koprii
enleme ve boylama elemanlari ana kirise gore daha narin oldugu i¢in enleme ve boylama elemanlari icin
elde edilen kirilganlik egrileri bu calisma kapsaminda irdelenmistir. Kirillganlik egrileri elde edilirken
Sap2000 sonlu elemanlar programi yardimi ile olusturulan matematiksel model ve yapilan zaman tarm
alaninda dogrusal olmayan analizler sonucu elde edilen donmelerden faydalanilmistir. Koprii {izerinde
bir eleman plastiklestigi durumda o elemandaki yiikler bagka elemanlara dagitilamamaktadir bu
nedenle ilk pratiklesmenin olusumu ile go¢gme durumunun gozlemlenmesi olasiliklar: birbirlerine yakin
cgkmaktadir.  Yapilan analizler sonucu IPE300 boylama elemaninda %50 olasilikla hafif hasar
gozlemlenme olasiligi 0.53g, %50 olasilikla orta, ileri ve go¢me durumu hasarlarinin gozlemlenme
olasilig: ise yaklasik 0.32g olarak belirlenmistir. IPE450 ve UPN240 elemanlar: igin ise %50 olasilikla
hafif, orta, ileri ve go¢me hasar durumlarinin gozlemlenme olasilifi yaklasik olarak 0.44g olarak
belirlenmistir.

SONUC ve TARTISMALAR (RESULTS and DISCUSSIONS)

Bu calismada Tirkiye demiryolu hatti iizerinde yer alan tipik basit mesnetli celik demiryolu
kopriisii ele alinmigtir. Kopriiniin dogrusal olmayan analizlerinin yapilabilmesi i¢in Sap2000 sonlu
elemanlar programindan faydalanilmistir. Képrii modeli imalat resimlerinden faydalanilarak gercegine
uygun bir sekilde yapilmistir. KSprii mesnetlerinin dogrusal olmayan davranislari ve hasar sinir
durumlar1 belirlenmistir. Ayrica {ist yapiyr olusturan egilme elemanlarinin hasar simmir durumlari ve
koprii kullanim hasar smir durumlar1 da ayrintih bir sekilde irdelenmistir. Kopriiniin deprem
performansinin belirlenebilmesi igin A,B ve C zemin siniflarindan 30 gergek deprem kaydi secilmis ve
bu deprem Kkayitlar1 0.1g ile 1.0g arasinda farkli maksimum zemin ivme degerleri i¢in oranlanarak
toplam 300 dogrusal olmayan zaman tamim alaninda analiz gerceklestirilmistir. Yapilan analizler
sonucunda kopriiniin sismik talep modeli elde edilmistir. Maksimum olasilik yaklasimindan
faydalamlarak koprii elemanlar: icin ve kullanim kosullan i¢in kirillganlik egrileri ayri ayri elde
edilmistir. Yapilan analizler sonucunda koprii mesnetlerinin 0.086g gibi kiiciik sarsint1 siddeti degerleri
icin %50 olasilikla hafif hasara maruz kalabilecegi gozlemlenmistir. Koprii mesnetleri iist yap1
elemanlarindan daha kirilgan oldugu belirlenmistir. Olas1 bir giiclendirme durumunda koéprii
mesnetlerinin giiglendirilmesinin sistem performansin biiyiik dlgiide etkileyecegi belirlenmistir. Ust
yap1 elemanlari i¢in elde edilen kirilganlik egrileri incelendigi takdirde %50 olasilikla hasar olugmasi icin
0.32g lik sarsint1 siddeti degerine ulasilmasi gerektigi goriilmiistiir. Ust yapi elemanlarinda plastik
mafsal olusumundan sonra ytiklerin diger elemanlara aktarilamadigi dolayisi ile hafif hasar ile orta, ileri
ve go¢me hasar durumlarinin olusma olasiliklarinin birbirlerine yakin oldugu gozlemlenmistir. Bu da
ist yap1 elemanlarmin dogrusal olmayan davrams kapasitelerinin simirli oldugunu gostermektedir.
Kullanim limit durumlarina gore elde edilen kirilganlik egrileri incelendigi zaman diisiik kullanim
hizlar1 igin kopriiniin daha giivenli oldugu belirlenmistir. Kullanim hiz limit durumlart V<200,
120<V<200, ve V<120 i¢in %50 olasilikla limit durumlarin asilmasina neden olan sarsint1 siddeti degerleri
sirast ile 0.06g, 0.25g ve 0.51g olarak belirlenmistir. Bu analizler dikkate alinarak demiryolu hat
glivenliginin arttirllmasi i¢in koprii lizerinde tren kullamim hizlarmin smirlandirilmasi gerektigi
belirlenmistir.
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ABSTRACT: ZnO-CdO composite was prepared with hydrothermal method. The structural,
morphological, optical, and electrical properties of the nanocomposite have been carried out using X-ray
diffraction (XRD), FTIR, scanning electron microscopy (SEM), UV-VIS-NIR spectrophotometer, and two
probe, respectively. TG-DTA analysis was done to determine the thermal stability. The compositional
analysis was done by EDX. The band gap of the composite were found to be 2.84 eV.

Key Words: Hydrothermal method, Optical band gap, TG-DTA, Zinc oxide.

Zno4Cdos Kompozit Malzemesinin Uretilmesi ve Karakterizasyonu

0Z: ZnO-CdO kompoziti hidrotermal yontemle hazirlandi. Nanokompozitin yapisal, morfolojik, optik
ve elektriksel 6zellikleri X-1s1n1 kirinimi (XRD), FTIR, taramali elektron mikroskobu (SEM), UV-VIS-NIR
spektrofotometre ve iki prob yontemi kullanularak gerceklestirilmistir. Termal kararlilig1 belirlemek igin
TG-DTA analizi yapildi. Bilesim analizi EDX ile yapildi. Kompozitin optik bant aralifi, Zn
prekiirsoriiniin igeriginin arttirilmasi ile birlikte sirasiyla 2.84 eV olarak bulunmustur.

Anahtar Kelimeler: Hidrotermal metod, Optik bant arali§i, TG-DTA, Cinko oksit.

INTRODUCTION

The nano-technology has an importance place in terms of various application. It was developed
almost all field in industry. Especially in electronic components it found wide range application area.
The material science also has great interest for nano-technology especially developing electronic
components.

In general, most oxides are good insulators, but some metal oxides for example CuO and Cu20,
behave as semiconductors. Due to the less understanding of oxide semiconductors and their growth
related processes, there are not many applications of these semiconductor oxides today. Zinc oxide
(ZnO) is one exception, which has found application as a transducer, in solar cells and biomedical
applications. However, after the discovery of superconductivity in many oxides of copper, the situation
has changed, lanthanum copper oxide (La2CuOs) is the first so-called high-Tc superconductor,
discovered by Muller and Bednorz is based on the semiconductor (Miiller et al., 1987). Lanthanum
copper oxide has a bandgap of about 2 eV. Charge carriers in form of holes are created into La2CuQOs by
replacing divalent barium (Ba) or strontium (Sr) with trivalent lanthanum (La) or when an excess of
oxygen is present. When sufficient carriers are available the semiconductor exhibits properties of
superconducting metal (Gao et al., 1994; Brus, 1998; Xia et al., 2003; Wang et al., 2008; Yu and Cardona,
2010).

Among other metal oxides CdO, CuO, SnO: and In20s have attracted significant attention for wide
applications. CdO has a cubic structure and a narrow band gap of 2.3 eV is regarded an important n-
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type semiconductor material for optoelectronic devices. But the main issue for CdO thin films is low
band gap for wider applications. By alloying with ZnO with CdO, the band gap of composite can be red-
shifted to blue, or even green light spectra range. Moreover, the incorporation of Cd into ZnO is very
useful for the fabrication of ZnO/Zn1-xCdxO heterojunction and super lattice, which is the key element
in ZnO-based light emitters and detectors (Wang and Zhu, 2004; Shan, et al., 2006; Kim et al., 2007).
ZnO-CdO composites have been prepared such as nanowires (Shan, Liu et al., 2006), hollow micro-
nanospheres (Li et al., 2008), nanorods (Wang et al., 2005) previously. The aim of this work is to produce
zinc oxide semiconductor based composite material and investigate the optical, structural and electrical
properties of oxide composite. In order to conduct experiments the analytical graded chemicals
hydrothermally synthesized and composite calcined. Physical and chemical data were obtained by
analysing the sample characterization by different methods.

THE EXPERIMENTAL PROCEDURE
Material

CdO and ZnO have great effect on optoelectronic applications (Margan and Haghighi, 2018). In our
experiment, we have used Zinc nitrate hexahydrate Zn(NO3)2.6H20 (Carlo Erba, Analytical grade) and
Cadmium nitrate tetrahydrate Cd(NOs)2.4H20 (Carlo Erba, Analytical grade). Both chemicals were used
to consist ZNO-CdO. Zinc dioxide is ecofriendly material used as semicoductor photocatalyst which is
easily available with reasonable costs and competitive optoelectronic properties (Kotodziejczak-
Radzimska and Jesionowski, 2014; Margan and Haghighi, 2018). Cadmium oxide is also semiconductor
which known as n-type, uses various in optoelectronic applications (Ueda et al., 1998; Margan and
Haghighi, 2018).

Method and Characterization

In this study the hydrothermal synthesis were used in experiments. In hydrothermal technique
crystallization from the aqueous solution at high temperature and pressure takes place. This provide us
an environmental friendly method for synthesis. The water is being used as solvent and its polarity can
be controlled at hydrothermal conditions.

Zinc nitrate hexahydrate Zn(NOs)2.6H20 and Cadmium nitrate tetrahydrate Cd(NOs)2.4H20 were
used as a precursor materials. Zinc nitrate hexahydrate 0.5M was dissolved in 8ml distilled water and
32ml ethylene glycol. Separately cadmium nitrate 0.8M was dissolved in 8ml distilled water and 32ml
ethylene glycol. Both the zinc and cadmium solutions were mixed together in volume ratio (40ml:40ml)
and so the total volume of solution was 80ml. The final solution was transferred to autoclave and heated
at 150 °C for 10 hours. After the autoclave, the obtained powder was filtered and washed several times
with distilled water. Then the powder was dried at 60 °C for 24 hours. Finally the powder sample was
calcined at 450 °C. The preparation of the process has been depicted in Fig. 1.

The crystal phase of the prepared films was investigated using Rigaku-Ultima-IV X-ray
diffractometer, utilizing Cu Ka radiation (A = 0.15406 nm) operated at 40 kV, 30 mA. FTIR spectroscopy
analysis was done for compositional analysis (Thermo Scientific iS5). The optical spectra were measured
by UV-VIS-NIR spectrophotometer (Shimadzu -3600PC). JEOL JSM-7001F scanning electron microscopy
(SEM) were employed to study the morphology of the films. Thermal analysis was done for determine
the weight loss of the samples, quality of the product and phase transitions from room temperature to
high temperature by TG-DTA measurement device. During the TG-DTA measurements, the mass loss
and phase transition temperatures of the sample were determined at room temperature and 900 °C at a
heating rate of 10 °C/min.



Zno4Cdos Composite Fabrication and Characterization

435

0.5M Zn(NOs)2.6H20
Zinc nitrate hexahydrate dissolved in 8ml
distilled water and 32ml ethylene glycol

0.8M Cd(NOs)2.
Cadmium nitrate tetrahydrate dissolved in
8ml distilled water and 32ml ethylene glycol

L Zn and Cd nitrate solutions mixed J

at room temperature

v

Solution transferred to autoclave 150 °C, 10 h

v

Filtration and washing with distilled water

v

Dried at 60 °C for 24 h
v

900 °C in furnace

Figure 1. Schematic display of steps to synthesis ZnO-CdO composite by hydrothermal method.

RESULT AND DISCUSSION

XRD Structural Analysis

Fig. 2. shows the XRD pattern of ZnO-CdO nanocomposite powder through hydrothermal method.
Sample was prepared by mixing equal volume ratio of Zn(NOs)2 and Cd(NOs)2 solutions. The prepared
ZnO-CdO nanocomposite diffraction pattern shows both phases of hexagonal ZnO and cubic CdO. In
the Fig. 2. for Zno4Cdos the major three peaks correspond to CdO phase and matches very well with
JCPDS Card# 005-0640. CdO phase is dominant due to presence of sharp peak in the patterns. The CdO

1¥r7

peaks are reprinted by
Card # 036-1451 (Fig. 3.).

3500

sign and rest of the peaks correspond to ZnO phase matches with JCPDS
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Figure 2. X-ray diffraction pattern of Zn0.4Cd0.4
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Figure 3. Xrd reference pattern (a) JCPDS Card# 005-0640 for CdO (b) JCPDS Card # 036-1451 for ZnO.

The values of d-spacing, FWHM, and relative intensity corresponding to x-ray diffraction peaks for
all three samples have been tabulated in Table 1. It is observed from the Table 1 that characteristic peak
(111) corresponding to CdO phase shifts from standard 33.002 towards lower angle. The ionic radii of
Zn* (0.74) is smaller than Cd* (0.97). Considering the similar electro negativities of both Zn and Cd
therefore Zn ions can easily substitute the Cd ions crystallographic positions. The replacement of Cd
ions replaced by a smaller Zn ions as the Zn precursor volume is increased causes increase in d values
and corresponding decrease in 20towards lower angle. The similar results have been reported in (Jule et
al., 2016). The value of lattice strain has been determined using the relation given below (Klug and
Alexander, 1954):

B cos@
E =

. M)

where § is the full width (FWHM). The value of lattice strain obtained in this manner have been
given Table 3.2. With the increase in volume ratio of Zn precursor the lattice strain decreases. The value
of crystallite size can be evaluated from Scherrer formula (Klug and Alexander, 1954):

D= kA
" BcosB

)

where k is the shape factor, A is the wavelength of x-rays, and 0 is the diffracting angle. The value of
crystallite size determined in this manner have been given in Table 1. There is slight increase in the value
of crystallite size on increasing the volume of Zn precursor solution. Karthik et al has also reported CdO-
ZnO composite XRD diffraction pattern and calculated the microstrain values [46].
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Table 1. Miller planes, 20, d-spacing, FWHM, percentage intensity for ZnO-CdO nanocomposite sample.

Sample (hkl) 20(°) d(Av) d(Av) FWHM (o) Intensity (%)
Standard
111 32.94 2.7169 2.7120 0.342 100
Zno.4Cdoa 200 38.22 2.3528 2.3490 0.353 90.3
220 55.20 1.6626 1.6610 0.382 54
FTIR Analysis

The FTIR spectra for ZnO-CdO nanocomposite has been recorded to study the various functional
groups of nanocomposite shown in Fig. 4. The absorption band in the region of 3426 cm! corresponds to
the O-H stretching vibrations of water present in the powder sample. The band in the region 1600-1500
cm! corresponds to the vibrations of a carboxyl group (CO). The characteristic wurtzite lattice vibrations
(Zn-0O) are corresponding to the broadband in the range 400-600 cm™ (Zhang et al.,, 2012; Rana et al.,
2015).

100 4

Transmittance (T%)
(o]
o

(o2}
o
1

3500 3000 2500 2000 1500 1000 500
wave number(cm'l)

Figure 4. FTIR spectra for ZnO-CdO composite for Zno4Cdo4 sample.
Morphological Analysis

The surface morphology of ZnO-CdO nanocomposite was studied using FESEM at various
magnification and shown in Fig. 5(a-e).. The morphology consist of spherical, non-spherical and partly
cylindrical structures. The Fig. 5. (e) for Zno4Cdo clearly shows at x100000 magnification the formation
of typical spherical structures. When can observe at low magnification the number of rounded granular
structure increases. The compositional analysis of ZnO-CdO composite was confirmed by EDX. The
EDX spectra for sample is shown below the SEM micrographs (Table 2.). The spectra clearly shows the
presence of Zn, O, and Cd elements along with peak of Au. The Au peak is due to the coating of Au film
on the powder samples before FESEM/EDX.

Table 2. EDX analysis for Zno4Cdo.4 sample.

Element Weight% Atomic%
OK 14.50 52.28
ZnL 10.41 9.19
CdL 75.09 38.54

Totals 100.00
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Figure 5. (a) SEM micrograph for Zno4Cdo. at 1500x magnification.

1pm FiratUni 10/17/2016
15.0kV SEI SEM WD 10.4mm 11:18:29

- 100nm FiratUni 10/17/2016
15.0kv SEI SEM WD 10.4mm 11:19:10

Figure 5. (c) SEM micrograph for Zno4Cdo. at 30000x magnification.
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Figure 5. (d) SEM micrograph for Zno4Cdo4 at 75000x magnification.

— 100nm FiratUni 10/17/2016
X 100,000 15.0kV SEI SEM WD 10.4mm 11:20:05

Figure 5. (e) SEM micrograph for ZnosCdo4 at 100000x magnification.

Optical Analysis

The spectral distribution of reflectance R(A) at normal incident for the sample is shown in Fig. 6. The
light penetrate inside the sample and undergoes combination of scattering and absorption inside the
sample. Some of the radiation is reflected back towards the surface. This reflected radiation contains
useful information due to higher order of interaction. The reflected radiation is called Kubelka-Munk
(KM) reflectance and is defined by a function. The KM function F(R), can be used to approximate the
optical absorbance of the sample from is reflectance and is given by (Martellucci et al., 2002).
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Figure 6. Reflectrance spectra for ZnO-CdO composite.
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Figure 7. Bandgap for ZnO-CdO composites with various composition.

For the direct band gap, the plot between (F(R).hv)? and photon energy (hv) has been shown in Fig.
7. The band gap value can be determined by extrapolating the graph of the linear region of the plots to
energy axis at (F(R).hv)? = 0. The band gap energy of sample Zno4Cdos is found to be 2.84 eV. The
bandgap value for pure ZnO and CdO are 3.3 ev and 2.5 ev (Ozgiir et al., 2005; Chandiramouli and
Jeyaprakash, 2013). The increase in Zn content causes the lower states in conduction band to be filled
and hence leading the blue shift in bandgap energies. The similar trends in bandgap energies has been
reported by Jule at al and R. Saravanan et al (Saravanan et al., 2015; Jule et al., 2016).
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Figure 8. Refractive index for ZnO-CdO composites with various composition

The study of dispersion is crucial for the application of any material in the field of integrated optical
devices and device design for optical communication and spectral dispersion. The refractive index of the
film was determined by the following relation (El-Nahass et al., 2009).

n:[1+R}r 4R2_K2 -
1-R| \(@1-R)

Where K= aA/4mt is the extinction coefficient. The variation in refractive index have been shown in
Fig. 8.

Thermal Analysis

The analyses are given in the same and separate graphs at mass loss and phase transition
temperatures. The peaks occurred in the phase transitions around 342 °C and 212 °C. Thermal
measurements such as TG-DTA were made to determine the weight loss of the samples, quality of the
product and phase transitions from room temperature to high temperature. The weight loss of sample
Zn04Cdoais 7.74%. In Fig. 9 (a-c) we observe a small endothermic peak in DTA measurements this peak
belongs to residues of the samples.
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Figure 9. TG-TDA analysis for Zno4Cdos sample.
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Electrical Conductivity

In order to investigate the electrical properties of the samples the dc conductivity of the sample was
measured using two probe method. The I-V graph for the sample has been shown in Fig. 10.. The
electrical conductivity of the sample was found 4.6x10® S/cm. K. Ocakoglu et. al. has reported the
electrical conductivity of ZnO nano rods at room temperature is 6.7x10®% S/cm. In the ZnO-CdO
composite, the ZnO have hexagonal wurtzite and CdO have cubic crystal structure that causes the phase
segregation (Ocakoglu et al., 2015). Thus, this phase segregation, crystal strain, grain boundary barrier
effects may enhance the electron scattering and cause the deterioration in conductivity.
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Figure 10. DC Conductivity of ZnO-CdO composites
CONCLUSION

The ZnO-CdO composite was synthesized by using the hydrothermal technique. The structural
analysis was done using the X-ray diffraction and particle size was calculated by scherrer formula. The
morphological properties were investigates by using FESEM and it can see some spherical and non-
spherical particles. The bandgap values of sample was found as 2.84 eV which are in agreement with
previously reported values. The thermal analysis graphs shows the formation of stable composites. The
dc conductivity of the pallets was measured and value of conductivity found. Finally, the dielectric
constant behaviour was studied with change in frequency.
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OZ: Konya Kayali Park olarak bilinen Mevlana Caddesi iizerinde tescilli bir kiiltiir varligi olan PTT
Merkez Miidirligti Hizmet Binasinin cephe kaplama malzemelerinde meydana gelen hasarlarin
nedenlerinin tespiti, alan calismasi kisminda tadilatlarin hangi kapsamda ve nasil yapilabilecegi
hususunda degerlendirmeler yapilmistir. Bu dogrultuda calismamin amaci, yapir iizerinde olusan
hasarlarin tespiti, nedenlerinin analizi ve ¢oziim Onerileri olarak belirlenmistir. Calismada cephe
kaplama malzemelerinin neden hasara ugradig: konusunda saha calismasi yapilarak farkli mevsimlerde
yap1 gozlemlenerek, elde edilen veriler ile mevcut hasarlarin neden olustugu konusunda tespitler boliim
2’de yapilmistir. S6z konusu yap1 icin cephe hasarlarinin basit onarimlarla diizeltilebilecegi, yap1
tizerinde yapilacak tadilatlar hakkinda bir is planinin hazirlanmasi, koruma kurulu ve proje
miielliflerinden yasal izinlerin saglanmasi ile yapiya acilen miidahale edilmesi gerektigi sonucuna
varilmistir. Ayrica onarimmlarin gecikmesi durumunda, hasarlarin biiytimesi ve kalici hasarlara yol
a¢masinin muhtemel oldugu sonucuna varilmistir.

Anahtar Kelimeler: Cephelerde Hasar Olugturan Etkiler, Cephe Malzemelerinde Hasarlar, Yalitim Sorunlar:

The Determination of The Effects Causing Damage in Buildings Facade Covering Materials and
Solution Proposal- Konya PTT Service Building

ABSTRACT: A research is done about the determination of the causes of the damages occurred in the
facade covering materials of PTT Central Directorate Service Building which is a registered cultural asset
located on the Mevlana Street known as Konya Kayali Park, and proposals about how and in what scope
the repairs can be done are offered. The aim of the study is defined as the determination of the damages
occurred on the building, analysis of the causes and solution proposals. In the study, case study
investigating why the facade covering materials are damaged is done and the building is observed
through different seasons. The obtained data and the determinations including why the existing
damages occurred are explained in chapter 2. The reasons of the existing damages are determined in the
direction of the data obtained via observation. As a result the thought that facade damages can be fixed
with simple repairs is reached. It is suggested that a work plan should be prepared about the repairs,
legal permissions should be taken from the conservation board and project manager and the building
should be interfered immediately. The result is stated such as it is possible that the damages will get
bigger and become permanent if the repair delays.

Key Words: Effects causing damages on facades, damages in facade materials, insulation problems.
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GIRIS INTRODUCTION)
Amag¢-Kapsam (Aim-Scope)

Konya Kayal1 Park olarak bilinen Mevlana Caddesi {izerinde yer alan PTT Merkez Mudiirliigii
Hizmet Binasinin cephe kaplama malzemelerinde meydana gelen hasarlarin nedenlerinin tespiti ve
yapilabilecek tadilatlarin hangi kapsamda nasil yapilabilecegi hususunda arastirma yapilmistir. Bu
dogrultuda calismamin amaci yapi tizerinde olusan hasarlarin tespiti, nedenlerinin analizi ve ¢6ziim
Onerileri olarak belirlenmistir.

Yapinin Tanimi, Tarihi ve Onemi (The Building’s Definition, History and Importance)

Konya Ili, Meram ngsi, Stikran mahallesi, Mevlana Caddesi, No:62/A, tarihi kent merkezi igerisinde
yer alan yap1 I. Ulusal Mimarlik Donemi'ne aittir. Yapinin yapilis amacina gore orijinal fonksiyonu
postane binasi olan ve giiniimiizde de PTT ve Tiirk Telekom’un ortak kullandig; tarihi bir binadir. Yap1
“Tescilli Yap1” seklinde nitelenmis ve buna gore 108 pafta, 876 ada, 42 parselde yer almaktadir (Baran,
2015).

Bugiin Konya Vilayet Binasinin giiney batisinda, eski Ziraat Bankasinin dogusunda ve Kayali Parkin
glineyinde yer alan eski PTT Merkez Binasi, neoklasik {isluptaki (I. Mimarlik Donemi) Tiirk Mimarisinin
Konya’'daki orneklerinden biridir. 1925 yilinda ingasina baglanip 1928 yilinda tamamlanan bu bina
Mimar Falih Ulkii'niin eseridir. Genel girisin sag tarafindaki duvarda “Mimar Falih 1928”; olarak bunu
gosteren kiiciik bir kitabe bulunmaktadir. Konya PTT Binast Gayrimenkul eski eserler ve Anitlar
Yiiksek Kurulu'nun 18.10.1975 tarihi ve 8652 sayili karar ile korunmas1 gerekli sit alani iginde tescil
edilmistir. Yiiksek kurulun s6z konusu ilke kararina gore Konya PTT Binasi, kullanim igin gerekli olan i¢
onarimlara karsin, dista sadece orijinal goriiniimiinii bozmayacak, kiiciik degisikliklere izin verilebilen
binalar grubuna alinmustir. 1984 yilinda PTT Bagmiidiirliigii'nce yaptirilan onarimlarda ahsap kap: ve
pencere dogramalar1 eski detayma uygun bir halde yeniden ahsap olarak yaptirilmistir. Bu
dogramalardaki eski diiz camlarin yerine desenli camlar takilmis, én cephedeki eski fotografinda
goriilen muhdes camekan kaldirilmistir. Giiniimiizde {ist kat1 Tiirk Telekom, 6n cephedeki genel giris ve
ana salon PTT olarak hizmet vermektedir (Aygiin,2007).

PTT Binasi, bodrum kat, zemin kat ve 1. kattan olusmaktadir. Bina, tas duvarli (80 cm) bir bodrum
tizerine iki kat halinde, tugla ile yigma olarak (70 cm) yapilmistir (Kiiltiir ve Tabiat Varliklarin1 Koruma
Kurulu). Binanin dosemeleri gelik putrel aras: tag olarak hazirlanmistir (Karpuz, 2009).

Yap1 Cephelerinde Hasar Olusturan Etkenler (The Factors Causing Damage on Building Facades)

Cephe hasarlarinda meydana gelen fiziksel hasarlarin ortaya g¢ikmasina sebep olan etken ve
kaynaklar ii¢ bashik altinda toplanabilir. Bunlar; dogal olaylar ve canlilardan kaynaklanan, insan
hatalarindan kaynaklanan ve malzemenin kendinden kaynaklanan sebeplerdir (Kog, 2000).

Dogal olaylar ve canlilar (Natural events and living creatures)

Yap1 cephesine fiziksel, mekanik ve biyolojik olarak etkileyecek dogal unsurlar asagidaki basliklar
halinde gruplanabilir:
i. Atmosferik etken ve kaynaklar
ii. Dogal afetler (Deprem)
iii. Biyolojik Etkenler (Mikroorganizmalar, bitkiler ve hayvan etkileri)
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i. Atmosferik etken ve kaynaklar (Atmospheric factor and sources)

Atmosferik etkenler tek basma veya birkaci birleserek cephe {izerinde bozucu etki yapabilmektedir. Bu
etkenlerin bozucu olabilmesi icin hasar olusan ylizeylerde bazi hatalarin olusmas: gerekir. Bu hatalar
diger boliimlerde ve galismaya konu olan yapinin {izerinde ele alinacaktir. Bozucu etkisi olan faktorler;
181, su, glines 1s1nlari, zararh gazlar, riizgar seklindedir.
o Is1 Etkisi (Heat Effect): Istya maruz kalan bir malzeme, molekiillerinin artan kinetik enerjileri ile
diizensiz harekete gecip kat1 halden sivi hale gecer (erir) veya buharlasir. Erimis malzemelerden 1s1
alindig takdirde molekiillerinin kinetik enerjileri azalarak kohezyon kuvvetleri yardimi ile diizenli
bir sisteme girerler (Katilasma ve donma) (Erig, 1994).
Malzemelerin, 1s1 ile hacimlerini degistirmelerine 1sisal deformasyon denir. Kati malzemelerin
uzamasi ile bir dogrultudaki genlesmeleri uzama adir alir. Is1 degerinin diismesi ile bu uzama yerini
kisalmaya terk eder. Bu olaymn ana nedeni 1s1 degisimleri ile farkh titresime ugrayan atomlarin
birbirleri arasindaki mesafelerin degismesidir (Erig, 1994).
o Su Etkisi (Water Effect): Dogada su; yer {istii ve yer alt1 kaynaklar ile atmosferde bulunan nem (su
buhari) olmak tizere ii¢ bicimde yer alir. Suyun malzeme {izerindeki etkisi soz konusu oldugu zaman
ya malzeme suyun icindedir ya da su malzemeyi yiizeysel olarak etkilemektedir. Ayrica buhar
basincindan ortaya ¢ikan yogusma ile meydana gelen su, malzeme i¢ yapisini veya ylizeysel olarak
malzemeyi etkilemektedir. Su icinde bulunan bir malzemeyi etkileyen faktorler; malzemenin boslugu
ve suyun basincidir. Su ile yiizeysel olarak temas eden malzemelerde ise, su malzeme yapisindaki
kilcal kanallarda kapiler basing etkisi ile hareket etmekte ve su hareketi atmosfer basmncini
dengelemektedir (Erig, 1988).
Suyun cephe malzemesi iizerinde bozucu etkisi yiizeysel 1slanma sonucu su emme, kapiler su
ylikselmesi, nem (terleme, yogusma), donma-¢oziilme olarak karsimiza ¢ikmaktadir.
o Yiizeysel 1slanma sonucu su emme (Water absorbtion as a result of superficial wetting):
Yiizeysel 1slanmada yagmur sularimin etkisi bulunmaktadir. Yapi dis ylizeyinde yagmur suyunun
etkisi; damla biiyiikliigii, dagilimi ve yagis siddetine baghdir. Yagmur damlasi yiizeye geldiginde;
once darbe seklinde carpar, daha sonra sigrama, emilme ve akma olaylar1 gerceklesir. Yiizey
tarafindan emilen yagmur suyu, ylizey doyduktan sonra akmaya baslar. Yiizeyde olusan su
katmani akintiyr ¢ogaltir. Bu katmanin kalinligi, yagmurun siddetine ve yiizeyin dokusuna
baghdir. Su, ylizeyde yaygin bir film yerine, suyun ylizey geriliminden dolay1 belirli akinti
kanallar olusturma egilimindedirler. Yagis sular1 duvar yiizeyinde ne kadar uzun siire kalirsa,
suyun duvar tarafindan emilme olasilig1 artar. Bu bakimdan dis yiizey kaplamasinin dokusu,
doku diizeni, malzemesinin tiirii ve porozitesi, derzler ve diizenlemesi 6nem kazanir (Toydemir
ve ark., 2000).
Yap1 elemanlarimin biinyesine giren su ile sismesi, aynm zamanda bir kuruma devresi olacaginin
da gostergesidir. Sisme ve biiziilme olaylarina maruz kalan malzemenin deneyler sonucunda,
sisme miktar1 ile biiziilme miktar1 arasinda bir fark olustugu sonucu c¢ikmaktadir. Bu olay
nedeniyle cisimlerde catlaklar olusabilecegi gibi, mevcut ¢atlaklarin daha da genislemesi olasilig1
vardir (Toydemir ve ark., 2000).
Yagislar yoluyla atmosferden gelen sular, iclerinde ¢oziinmiis degisik kimyasal maddeler tasir. Bu
maddeler yap1 elemanlarina zarar veren bir etkiye sahiptir. Islanmis kagir malzeme icerisinde
bulunan ve icinde ¢Oziinmiis kimyasallar barindiran su, kuruma devresinde yiizeye dogru
hareket ederek buharlasir. Ancak buharlasma aninda beraberinde stiriikledigi ¢oziinmiis tuzlar
malzemenin dis ytiziinde cigeklenme adi verilen yiizeysel bir olusuma neden olur (Toydemir ve
ark., 2000).
o Kapiler su yiikselmesi (Capillary water increase): Yap1y1 etkileyen suyun basingli olmas: halinde,
su, malzemeye basing yoluyla girebildigi gibi, basin¢ olmaksizin yap1 elemanlarinin biinyesindeki
belirli captaki borucuklar sayesinde zeminden itibaren kapiler yolla yiikselmesi de miimkiin
olmaktadir (Toydemir ve ark., 2000).
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o Nem Humidity): Hava igcinde bulunan su buharina nem denir. Havadaki maksimum su
buharina ise bagil nem (rolatif nemlilik) denir. Bagil nem yiizdesi, i¢ hacimlerde % 50-80, dis
hacimlerde ise % 80-100 arasindadir. Havadaki nem miktari, sicakliga bagh olarak degisik
degerler gosterir.
o Yogusma (Condensation): Farkli buhar basinglarindan dolay1 duvar biinyesinde meydana gelen
buharin su haline doniismesi olayidir. Yapr duvarinda 1s1 akimina paralel yonde bir su buhan
akimi vardir. Bu nedenle duvar bilegenlerinin difiizyon o6zelligine sahip olmasi gerekir. Ig
ortamdan gelen su buhar disar1 atilamaz ise, bu gegirimsiz tabaka altinda yogusarak birikir.
Soguk havada donar ve genlesme sonucu dis sivada gatlaklara ve devaminda dokiilmelere neden
olur (Kogu ve Korkmaz, 2003).
o Terleme (Sudation): Duvar yiizeyinde sicaklik diismesi ile meydana gelen buharin su haline
doniismesi olayidir. Duvar ylizeyinde terleme, ortam sicakligina ve ortamdaki bagil neme
baghdir. Terleme, yap1 duvarinin 1s1 direncinin azalmasina, i¢ gerilme ¢atlamalarina, kiiflenme ve
cigeklenme gibi hasarlara neden olmaktadir (Demirkan, 1986).
o Donma Coziilme (Freze-Dissolution): Malzeme bosluklar: i¢ine giren suyun sicaklik degerinin
azalmasiyla donma olay1 gerceklesmektedir. Suyun buz haline gelmesiyle hacminde % 9’ luk bir
artis olur. Sifir noktasini asan sicaklik degisiklikleri nem etkileriyle birlesirse, belirli sartlar altinda
donma sonucu malzemenin genlesmesine ve devaminda ¢atlamalarina neden olmaktadir. Diger
tir etkiler ile meydana gelen fiziksel hasarlar donma-¢oziilme etkisi ile daha fazla artmaktadir
(Ozer, 1982).
e Giines Isinlar1 (Solar Rays): Giines i1sinlar,, giinesten diinyaya atmosferden gecerek gelen bir
enerjidir. Kisa dalgali olan bu giines 1sinlarmin % 27” si dogrudan dogruya, % 16" s1 atmosferden
yansima yoluyla yaygin radyasyon seklinde yerytiziine gelir. Giinesten gelen 1sinlar igerisinde 1sitic1
ve renk degistirici gozle goriilmeyen 1sinlar vardir. Bunlar ultraviyole ve enfraruj isinlaridir (Erig,
1987).
o Ultraviyole Isinlar1 (UV Rays): Ultraviyole 1sinlar1 ile gelen  parcaciklar organik
malzemelerin atomlarina ¢arparak atom yapisinmi bozmakta, eskime ve renk degisimlerine neden
olmaktadir (Erig, 1987).
o Enfraruj Isinlari (Infrared Rays): Bu 1sinlar carptiklan yiizeyi, rengine bagh olarak isitir,
sicakligini yiikseltir ve genlesmesine neden olur. Ornegin parlak yiizeyler radyasyonu
yansitmakta, koyu renkli yiizeyler ise yutmaktadir (Erig, 1987).
Parlak ve agik renkli yiizeyler giines radyasyonun biiyiik bir kismimi yansitirken, koyu renkli
ylizeyler en biiyiik kismini emerler. Bu emme sonucu yiizeyde olusan sicaklik nedeniyle yap1
elemanlar1 genlesir (Erig, 1994).
e Zararli Gazlar (Harmful Gases): Teknolojinin gelismesine paralel her tiirlii {iretimin artmasi, motorlu
araglarin ¢ogalmasi, 1sinma icin gesitli yakitlarin kullanilmasi zorunlulugu; giderek atmosferin
karbondioksit, korbonmonoksit ve kiikiirtdioksit gibi kirletici gazlarin havaya karisip onu
kirletmesine sebep olmustur. Yagislarla asitlere doniisen (Havada, ozellikle endiistri bolgelerinde
bulunan SOs, CO: gibi gazlar, yagmur sis ve havanin nemi ile birleserek H2504 ve H2CO:s gibi stilfiirik
ve karbonik asitlerin olusmasina neden olurlar) bu kirletici ve zararhh gazlarin, yapr malzemeleri;
sivalar ve boyalar tizerinde dnemli bozucu etkileri vardir. Bu etkilerin binayi, koruyucu malzemeleri
daha kisa siirede yipratacagi goz oniine alinarak koruma amaci ile yapilacak bakim islerinin daha sik
araliklarla yapilmas: gerekir (Erig, 1994).
e Riizgar (Wind): Bu calisma kapsamina konu olan yap1 igin riizgar etkisi; toz, duman, kum vb.
cisimlerin yap1 yiizeylerinin girintili, kuytu koselerinde birikmesi olarak ortaya ¢ikmistir. Ayrica
riizgar basing ile ytiizeye herhangi bir yoldan gelen suyun catlaklardan igeri girmesine ve yiizeyin
asinmast sonucu dokiilen parcaciklarin siiriiklenmesine neden olur. Aymi zamanda teorik olarak
yeryliziine diisey olarak inmesi gereken yagmura yatay hiz bileseni kazandirarak yapi diisey
ylizeylerine ¢arpmasini saglar. Bu ¢arpan yagmur suyu sahip oldugu kinetik enerji ile gesitli delik ve
catlaklardan igeri girer hem duvarin 1slanmasina, hem de catlaklarin biiyiimesine neden olur. Ayrica



Yapilarin Cephe Kaplama Malzemelerinde Hasar Olusturan Etkilerin Tespiti Ve Coziim Onerileri 449
—Konya PTT Hizmet Binasi Ornegi

ylizeyde birikmis olan kat1 partikiillerle kimyasal reaksiyona girerek, zaten bu tiir maddelerle belirli
bir miktar tozlanmis olan yiizeyin iyice kirlenmesine yol agar (Vural, 1997).

1i. Dogal Afetler (Natural Disasters)

Calismaya konu olan yapinin bulundugu Konya’ da dogal afetlerin (deprem, sel, tayfun vb.) aktif olarak
etkisi bulunmamaktadir. Ancak ilin yakin ¢evresinde etkili depremler meydana gelmis ve depremler bu
ilde de hissedilmistir. Yakin ¢evrede meydana gelen ve Ilde ¢ok biiyiik hasara yol agmayan depremler
daha ¢ok yapmin temel durumuyla iliskili olarak zemine bagh yapi oturmalar1 seklinde karsimiza
cikmaktadir (Dereli, 2004).

Duyarlilig1 yiiksek zeminler, deprem veya agir tasitlardan meydana gelen titresimler sonucunda
dinamik etkilere maruz kalmaktadirlar. Bunun sonucunda bir sivi gibi davranarak akici hale
gelmektedirler. Zeminde meydana gelen bu sivilasma binada oturmalara neden olmakta ve dis
stvasinda fiziksel hasarlar ortaya ¢ikmaktadir (Dereli, 2004).

Depremin meydana getirdigi sarsintilar ile olusan hasarlar icinde en belirgin olam yapi dis duvar
ylizeyinde zayif nokta olan pencere bosluklarinda hissedilir. Cogunlukla bu durumda olusan hasar tiirii,
pencere koselerinden baslayan egrisel catlaklar seklinde karsimiza ¢ikarlar (Dereli, 2004).

iii. Biyolojik Etkenler (Biological Factors)

Yosun, mantar, bakteriler, kemirici hayvanlar, asalak bitkiler gibi mikroorganizmalar, organik
malzemeler {izerinde etken oldugu gibi inorganik malzemeler tizerinde de zararh etkiler olustururlar.
Bitki koklerinin asit ¢ikartarak taglarin yumusamalarina neden oldugu, kumlar iizerinde iireyen bir tiir
bakterilerin siva karigimlari, boya bilesimlerini bozdugu ve hasarlara yol ac¢tifi gozlenmistir.
Mikroorganizmalarin {iremesi, rutubetli ve havalandirilmayan karanlik yerlerin etkisi ile kolaylasir. Bu
ylizden, cephe kaplamasi i¢ ve dis ortam arasindaki su buhar gecisine olanak vermelidir (Ersoy, 1989).
Cephe ylizeyinde olusan bitki, yosun, bakteri ve mikroorganizmalar kaplamaya hasar verecegi gibi
istenmeyen kotii kokulara ve goriintii bozukluklarina yol agmaktadir (Dereli, 2004).

Kuslarin bina cephelerine verdikleri hasar sekli, digkilar1 ile yiizeyi kirletmeleridir. Binalarin belli
bolgelerinde (Sagaklar, kornisler, denizlikler) pisliklerin birikmesine ve cephelerin tahrip olmasina
neden olmaktadirlar (Dereli 2004).

insan Hatalar1 (Human Faults)

Cephe kaplamalarinda fiziksel hasarin ortaya ¢ikmasinda insandan kaynakl hatalar etkili olmaktadir.
Yapilan yanhshklar sonucunda dogal olaylar ve canlilarin etkisi ile dig sivalarda hasar ve kusurun
olusmasi kaginilmaz hale gelmektedir. Insan etkisiyle ortaya ¢ikan sorunlar daha ¢ok bilgi eksikligi ve
dikkatsizlik sonucunda olugmaktadirlar. Hasar ve kusur olusum siirecinde insan faktoriinii asagida
belirtilen bagliklar halinde toplamak miimkiindjir.

a) Yanlis detay tasarimi

b) Yanls uygulama

¢) Binanin yanlis kullanimi ve bakimi (Kog, 2000).

Arastirmaya konu olan yapinin cephesinde olusmus hasarlar yukarida bahsedilen basliklar altinda ele
alinacaktir.

Malzemenin Kendinden Kaynaklanan Sorunlar (Problems Arising From the Material Itself)
Yukarida ele alinan konular 1siginda cephede meydana gelen, insan etkisiyle yapilan hatalar ve

devaminda dogal olaylar ve canlilardan kaynaklanan etkenlerin aktif hale gelerek, malzeme iizerinde
hasar olusturdugu yapilan calismalarla tespit edilmistir. Meydana gelen bu fiziksel hasarlar cephe
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kaplama malzemesini olusturan bilesenlerin i¢ yapisindan, har¢li malzemeler icin kullanilan harg
tiirlerinden, agrega tiir ve karisim oranlarindan kaynaklanabilmektedir (Dereli 2004).

Cogunlukla malzeme i¢ yapilarimin bilinmemesi, yanlis uygulamalar ile hasar olusumuna sebep
olabilmektedir. Farkli 6zelliklere sahip malzemelerin bir arada kullanilmas: sirasinda bazi 6nlemlerin
alinmas gerekliligi ortaya ¢ikmaktadir. Bu da gosteriyor ki dogru malzemenin se¢imi ve uygulanmasi
gerekmektedir. Bu durumun insan kaynakli olmasi sebebiyle, dogru planlama, kalifiye uygulama ve
diizenli bakim onarimlarin zamaninda yapilmasi ile yapinin émrii uzayacaktir (Dereli 2004).

ALAN CALISMASI (CASE STUDY)

Yap1 cephelerinde hasar olusmasi sadece tek bir etkiyle meydana gelebilecegi gibi birden fazla
unsurun bir araya gelmesiyle de olusabilir. Ornegin atmosferik etkiler tiim yapilarin cephelerinde
etkilidir, ancak baz1 yapilarda hasarlar olusmaz. Ozellikle insan hatalar1 nedeniyle, bu etkiler aktif hale
gelip cephe kaplama malzemeleri iizerinde hasar olusturabilirler. Orneklenen yapi iizerinde tespit
edilen hasar nedenlerinin analizi yapilmistir.

Yanlis Detay Tasarimindan Kaynaklanan Hasarlar (Damages Arising From Wrong Detail Design)

Su, yapim sirasinda yapi igin ¢ok onemlidir. Baglayic igerikli tiim malzemelerin suya ihtiyaci olur.
Ancak yapimi tamamlanmis, gerekli mukavemetini almis harg ve benzeri yap1 malzemelerinin artik su
ihtiyaci kalmamaktadir. Tamamlanmis yapi icin artik su sadece hasar olusturan etki yaratacaktir. Bu
sebeple yap1 cephesini ilgilendiren su ile ilgili tiim unsurlara onlem almak gerekir. Gerekli yerlere su
yalitimi yapilirken baz1 yerlerde de tasarim olarak onlemler alinabilir. Basit bir tasarimla olusturulan
damlaliklar yagmur ya da yikama sularinin cephe yiizeyinde tutulmalarini engelleyerek ve bu
noktalardan akmasina sebep olmaktadir. Akmaya baslayan sular, balkon ve benzeri yatay ¢ikmalarin
damlalik diizenlenmemis dosemelerinde yiizeye tutunurlar. Uzun siire etkili olan su kaplama
malzemesi biinyesinde hasara yol agmaktadir (Resim 1-2).

Resim 1. Damlalik detay: yapilmamais balkon Resim 2. Balkonun hasara ugramis kisimlarimin

Figure 1. Balcony without dropper detail genel gortiniisi
Figure 2. General view of the damages on the balcony

Pencere denizliklerinde suyun duvar biinyesine girmesine engel olacak sekilde detaylar gelistirilmelidir.
Kasa ve denizlik birlesim yerlerine elastik dolgular uygulayarak su yalitimi saglanmalidir. Yagmur
sularini bu noktalardan uzaklastirmak igin egimli ve damlalikli detaylar gelistirilmelidir (Resim 3).
Resim 4" te goriildiigii {izere yagmur sularinin denizliklerden damlamamasi sonucunda hasarlar
olusmustur.
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Resim 3. Pencere denizliklerinde (Dogru-Yanlis) Resim 4. Damlalik yapilmamis pencere
damlalik detay:. denizliginde meydana gelen hasarlar
Figure 3. (Wright-wrong) dropper detail in window sill Figure 4.Damages in window sills without dropper

Duvar tizerinde suyun hareketini kolaylastiracak bicimde akint1 verilmemis kornislerden, tasarimi hatali
yapilmis ¢ikmalardan suyun duvar biinyesine girmesiyle hasarlar olusur. Yanlhs detaylandirma
sonucunda yapilan yatay ¢ikmalarda yagmur sular1 bu bolgede uzun siire malzeme ile temasta kalacak
ve cephe kaplama malzemesine zarar verecektir (Resim 5). Ayrica ¢evrede bulunan toz vb. pargaciklar,
araglardan yayilan egzoz dumani gibi kirletici unsurlar bu kornislerde birikinti olustururlar. Gerekli
diizenleme yapilmadig: takdirde yagmur sular: ile birlesen bu kirleticiler cephe yiizeyine akacak ve
kaplama tizerinde istenmeyen goriintiiler ortaya koyacaktir (Resim 6).
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Resim 5. (Dogru-Yanlis) Yatay ¢ikma (Kornis) Resim 6. Korniglerde olusan kirlenmeler
detaylar Figure 6. Pollution in cornices

Figure 5. (Wright-wrong) horizontal projection (cornice) details

Zeminden uzaklastirllamayan sular ¢atlaklardan sizarak yapinin toprakla birlestigi yiizeylerden
malzeme ile temas etmeye baglarlar. Bu boltimlerde yapinin temelinden itibaren su yalitiminin yapilmis
olmas1 gereklidir. Su yalitimi1 olmayan béliimlerde yap: malzemesi suyu basing nedeniyle biinyesine
almaya baglar. Malzeme biinyesinde yer alan bosluklardan kilcal yolla (kapiler) yiikselerek yap1
malzemesinin 1slanmasina neden olurlar. Bu 1slanma, Béliim 2’ de belirtilen etkenlerin aktif olmasiyla
Ozellikle yapmin zeminle birlestigi noktalarda yogunlasmis hasarlar meydana gelmistir. Asagida
goriilen Resim 7 ve Resim 8 ayni noktadan gekilmistir. Yagmurlu bir zamanda ¢ekilmis fotografta da
goriildiigii tizere yagmur sular1 zeminle yapinin birlestigi noktalardan malzeme yiizeyinin 1slanmasina
neden olmustur (Resim 8).
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Resim 7. Yap1 malzemesinde kapiler su etkisiile =~ Resim 8. Resim 7’de goriilen hasar bolgesinin

meydana gelen hasar. yagish bir giinde goriintiilenmesi.
Figure 7. Damage occurred in building material with the capillary Figure 8. The view of the damaged region in Figure 7 in a rainy
water effect day

Yapilarin zeminle birlestigi boliimlerde dogru diizenlenmelerin yapilmasi gereklidir. Zemine gelen
sularin yap1 ile zemininin birlestigi noktada kalmasi ile hasar olusturan nedenler ortaya ¢ikar. Suyun
yapidan uzaklagtirilmasi i¢in uygun egimli bir kaldirim diizeni saglamak gereklidir. Yap1 gevresinde
olusturulacak kanallar ile yagmur sularinin yapinin temelinden uzaklastirilmasini saglayacak ¢oziimler
tretilmelidir (Resim 9-10).

Resim 9. Yapmin zeminle birlestigi noktalarda Resim 10. Yagmur indirme borusundan gelen
yanlis detaylandirmalar. sular yanlis detay sebebiyle zeminden
Figure 9. Wrong details on the junction points of building and uzaklagtirilamiyor.
ground Figure 10. The water coming from the rain water drainage pipe

cannot be removed from ground because of the wrong detail

Calismaya konu olan yapinin bitisik oldugu komsusu arasinda derz boslugu uygun bigimde tanzim
edilmemistir. Bu nedenle s6z konusu yapi, komsu binamin hasar olusturan etkilerine maruz kalmistur.
Bunun sebebi, detay1 olusturan uygulama hatalar1 ile bakim ve onarimin diizenli yapilmamasindan
kaynaklanir. Oluk hizasindan iki yapinin birlesim noktasina sizan sular zamanla bozulmaya neden
olmuglardir (Resim 11).
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Resim 11. Bitisik yapilarda dilatasyon derzi diizenlenmemesi ile olusan catlaklar ve

komsu binada sacgak detay1 sorunlari.
Figure 11. The cracks formed because of the lack of dilatation pointing in adjacent buildings and eaves detail problems
in the neighbor building

S6z konusu yap1 ile komsusu arasinda derz boslugu tanzim edilmeli, bu sebeple hem yapilarin farkl
oturmalari hem de ytiizey malzemeleri arasinda genlesme farklarinin olusturacagi catlaklarin 6nlenmesi
saglanabilecektir (Resim 12). Bu tiir birlesim noktalarinin hareketlilige izin verir bi¢cimde diizenlenmesi
(derz boglugunun elastik malzemelerle doldurulmasi) gerekirken cephe hattinda aliiminyum profil ¢ita
vb. malzeme ile gizlenmesi Onerilebilir. Aksi takdirde Resim 13’de goriilen derz catlag: olusup Boliim 2’
de bahsi gecen hasar olusturucu etkilerden bir veya birkaci birleserek bu noktada hasarin biiyiimesine
neden olurlar.

Resim 12. Yapiin komsu bina ile olan iliskisinin Resim 13. Dilatasyon derzi yapilmamais
genel goriiniisii. kisimlarda olusan catlaklar.
Figure 12. General view of the relationship between two buildings Figure 13. The cracks occurred in sections without dilatation
pointing

Yagislar yoluyla atmosferden gelen sular, iclerinde ¢oziinmiis degisik kimyasal maddeler tasir. Bu
maddeler yap: elemanlarina zarar veren bir etkiye sahiptir. Islanmis malzeme igerisinde bulunan ve
icinde ¢oziinmiis kimyasallar barindiran su, kuruma devresinde yiizeye dogru hareket ederek
buharlasir. Ancak buharlasma aninda beraberinde siiriikledigi ¢oziinmiis tuzlar, malzemenin dig
ylizeyinde ¢iceklenme adi verilen yiizeysel bir olusuma neden olur (Resim 14-15).
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Resim 14. Su etkisine maruz kalmis hasarl Resim 15. Cigeklenmenin gorsel kirlilik
ylizeylerde ¢iceklenme. olusturmasi.
Figure 14. Florescence on damaged surfaces affected by water Figure 15. Visual pollution formed by florescence

Yanlis Uygulamalardan Kaynaklanan Hasarlar (Damages Arising From Wrong Applications)

Is1 etkisi malzemelerde farkli genlesmelere neden olurlar. Farkli malzemelerin beraber kullanildig:
yerlerde elastik malzemelerin kullanilmas: ile farkli genlesme ve biiziilme sonrasi fiziksel degisiminin
hasar olusturmamasi saglanabilir. 56z konusu yapida goriilen bazi hasarlarin bu sebeple olustugu tespit
edilmistir. Asagidaki Resim 16 ve Resim 17’de yagmur indirme borusunun sabitlenmesi i¢in agilan
deligin etrafinin zamanla ¢atlamasi ve kaplama iizerinde olusturdugu catlaklar goriilmektedir. Yeteri
kadar genlesme alan1 bulamayan metal vidalar bu tarz hasarlar meydana getirebilirler. Bu tiir uygulama
noktalarinda diibel ile birlikte delik i¢ine elastik bir malzeme takviye edilmelidir.

Resim 16. Montaj i¢in kullanilan vida deligj, Resim 17. Genlesen catlaklardan parcalar

genlesme farkliligindan meydana gelen kopmaya baslayarak zaman i¢inde hasarlar
catlaklar. biiyiimektedir.
Figure 16. The screw hole used for montage, cracks occurred Figure 17. Pieces break off from expanded cracks and damages get
because of expansion differentiation bigger

Yap1 biinyesine eklenen bazi cihazlarin (genellikle klima) cephe yiizeyine eklenirken yapilan hatalar
zamanla biliyiiyen hasarlar seklinde karsimiza ¢ikarlar (Resim 18-19). Bu tarz cihazlarin
yerlestirilmesinde malzeme farkliliklarindan kaynaklanan 1s1 etkisi ve su etkisinin zararlar1 olacag:
diistiniilmelidir. Bu cihazlarin yerlestirilmesinde 1s1 etkisi ile farkli genlesmeler olmaktadir. Ayrica
cihazlarin bulundugu yiizeylerde suyun uzun siireli kalabilecegi diisiiniilerek uygun detay ¢oziimleri
iretilmelidir.
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Resim 18. Yapi cephelerine montaji yapilan Resim 19. Yapiya sonradan eklenen dis
klima sogutucu elemanlari. aydinlatma elemanlariin montaji sirasinda
Figure 18. Air conditioner cooling elements montaged on building olusan hasarlar.
facades Figure 19. The damages occurred during the montage of outer

lightening elements added to the building later

Binanin Yanlis Kullanim1 ve Bakim Eksikliginden Kaynaklanan Hasarlar (Damages Arising From Wrong
Usage of the Building and the Lack of Maintenance)

Diisey yagmur indirme borularimn su sizdirmasi ya da birlesim yerlerinden ayrilmas: sonucunda su
etkisi bozucu olmaya baslayacaktir. Yiizeyle temas etmeye baslayan su, emme (kilcal) yoluyla malzeme
biinyesine girecektir. Ayrica 1s1 farklar1 6nceden meydana gelecek catlaklarda su ile dolacaktir. Resim
20-21"de goriildiigii tizere 6zellikle kis aylarinda yagislara maruz kalan, gece ve giindiiz sicaklik farklar:
ve don olaylar1 sebebiyle malzeme ytlizeyine yansiyan bozulmalar meydana gelecektir.

Resim 20. Yagmur indirme borularmnin iglevini Resim 21. Yagmur borularinda bakim onarim
yerine getiremeyecek sekilde hasar gormesi. yapilmamasi sonucunda su etkisi cephe
Figure 20. Badly damaged rain water drainage pipes kaplama malzemelerinde hasar olusturur.

Figure 21. Water effect causes damage on facade covering
materials if the rain drainage pipes are not repaired

Yapilarda diizenli bakim ile hasar ve kusur olusumunun onlenmesi miimkiin olmaktadir. Yapi
elemanlarmin bakim ve onarmmimin zamaninda yapilmamas: ile dogal olaylar ve canlhilarin etkisi
karsisinda fiziksel hasara ugramasi muhtemeldir. Yagmur indirme borularimn yerinden diismesi ve bu
bolgelerde siirekli i1slanma olmasi ile hem yapi malzemesi bozulmakta hem de bu bolgelerde
mikroorganizmalar, yosunlar vb. canlilar olusmaktadir. Bu canlilar hem goriintii olarak hem de
yaydiklari koku itibariyle istenmeyen durumlar ortaya koyarlar (Resim 22-23).
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Resim 22. Suyun yiizeyde etkili olmasiyla Resim 23. Meydana gelen yosunlar hem

olusan canlilar. goriintli hem de koku anlaminda kotii durumlar
Figure 22. The living creatures occurred with the water effect on olustururlar.

the surface

Figure 23. The moss causes bad situations in both visual and odor
sense

: Vi s b Y

Resim 24. Kuslar yap1 cephe kaplamalarina Resim 25. Kus digkilarinin hem bozucu etkisi
zarar verebilirler. hem de goriintii kirliligi olusturma 6zelligi

Figure 24. The birds can give harm building facade coverings vardir.

Figure 25. Bird feces have both deterioration effect and character of
causing visual pollution.

Yagmur indirme borularmna tiinemis kuslarin diskilar: cephe kaplama malzemesinin kirli goriinmesine
sebep olur. Ayrica yagmur sular ile birleserek malzeme yiizeyinde asindirici bir etki yaratirlar (Resim
24-25).

Malzemenin Kendinden Kaynaklanan Hasarlar (Damages Arising From The Materia Itself)

Taslarin ve tuglalarin yiizeylerinin gecirimsiz kaplama malzemesi ile kaplanmas1 sonucunda kaplama
altinda bozulan tas ya da tugla ile baglanma 6zelligi kalmaz ve bosluklar olusur. Darbeler ya da siddetli
riizgarlar ile bu kisimlarda kaplamalarin dokiilmesine sebep olur (Resim 26). Halk dilinde hastalanmis
tas olarak kabul edilen bu tas ve tuglalarin 6zelligini kaybettigi noktaya kadar yenisi ile degistirilmesi
gereklidir (Resim 27). Hastalanmis sekilde birakilan taslarin iizerine yapilacak her tiirlii yeni kaplamalar
da tutunamay1p bozulmaya ugrayacaklardir.
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Resim 26. i¢ yapis1 bozulmus tas yiizeylere Resim 27. i¢ yapisi bozulmus ve catlaklar

yapilan kaplamalarda meydana gelen hasarlar. olusmus tas. (hastalanmis tas)
Figure 26. Damages occurred on the coverings applied on stone Figure 27. The stone with deteriorated inner structure and has
surfaces with deteriorated inner structure cracks

Yap1 cephesini olusturan sadece cephe kaplama malzemesi degil, duvar biitiiniinde bir araya gelen
malzemelerin hasarlarda rol oynayip oynamadigmin tespit edilmesi gereklidir. Duvar biitiiniinde
kullanilan malzeme i¢ yapisi bozulmus ise bu bozulmalar zamanla cephede hasar seklinde karsimiza
cikarlar. Genellikle tugla ya da taslarin biinyesinde meydana gelen degisiklikler nedeniyle zamanla
hacimlerinde kaybolmalar baslar (Resim 28). Bunlar genellikle biinyesinde bulunan kilcal catlaklarin
suyla dolmasi ve donma ¢oziilme etkisi ile olusan basingla malzemenin dagilmas: seklinde karsimiza
¢ikarlar (Resim 29).

Resim 28. Ozelligini kaybetmeye baslamus tugla. ~Resim 29. Hem tugla hem de iizerinde bulunan

Figure 28. Brick which started to lose its characteristics kaplamalar tamamen hasara ugramigtir.
Figure 29. Both the brick and its covering are completely
deteriorated

SONUC VE ONERILER (CONCLUSION AND PROPOSALS)

Konya PTT Hizmet Binasimn ayrntii analizi sonucunda, hasarlarin sadece cephe kaplama
malzemelerinde meydana geldigi gozlenmistir. Yap1 cephe kaplama malzemelerinde meydana gelen
hasarlarin degerlendirmeleri ve ¢6ziim Onerileri asagida maddeler halinde verilmistir.

e Boliim 1.3.1" de ele alinan su etkisi, genellikle bozulma ne sekilde baslarsa bu kisimda sorunlarin
biiylimesine neden olurlar. Gerekli 6nlemlerin alinmasi durumunda su etkisi bozucu olmaktan
cikacaktir. Yapiy1 etkileyen 6nemli sorunlardan birinin zeminden emilerek yiikselen sular (kapilerite)
oldugu goriilmektedir. Bu sekilde basingh yeralt: sulari, zemine sizan sular uygun bir drenaj sistemi
olmamasi ve toprakla temas eden yiizeylerin su yalittminin yapilamadigr durumlarda malzemenin
kanallarinin suyla dolmasina ve kapiler olarak yiikselmesine neden olmuslardir. Sicaklik farklari ve
don olaylar1 ile birlesen su etkisi yapimn zeminden baslayan ve yer yer kopmalar seklinde
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karsilastigimiz hasarlari olusturmuslardir. Bu noktada zemin sularinin malzeme biinyesine ge¢mesini
engellemek icin kismi kazilar yapilarak malzemenin toprakla birlestigi noktalarda su yalitimi
yapimalidir. Ayrica diger sekillerden zemine ulasan ve yeraltina sizabilecek sular (yagis yoluyla,
yikama sular1 vb.) yapidan baslayarak suyun uzaklastirilabilecegi kaldirim diizenlemeleri yine bu
kaldirimlarin igine yerlestirilecek gizli kanallar ile suyun yap1 zeminine sizmas: engellenmelidir.

e Bolim 2.1'de yanlis detay tasarimindan kaynaklanan hatalara ornek olarak yapinin balkon
¢ikmasinda damlalik detaylarinin diisiiniilmemesi gosterilebilir. Bu noktada su etkisi ile bozulmus
ylizeyler tespit edilmistir. Damlalik detay1 yapilmadigindan su ylizeye fazlaca tutunmus ve
oncesinde meydana gelen kilcal ¢atlaklar sebebiyle bozulmalar baslamistir. Bu sorunun 6énlenebilmesi
i¢gin suyun yatay ¢ikma ylizeylerine tutunmasini engelleyecek damlalik diistiniilmelidir. Son kat
kaplama malzemesi ile suyun damlamasini saglayacak detaylandirma miimkiin olabilir.

* Yatay c¢ikmalardakine benzeyen sorun, pencere ve Kkornislerde de damlama olaymin
gerceklesememesi sonucu bozucu olarak karsimiza c¢ikmaktadir. Bu noktalarda damlamay:
kolaylastiracak denizlik ve kornis detaylar1 gelistirmek gerekir. Bazi durumlarda bu yiizeylerden
akmay1 kolaylastiracak ve damlalik tegkil edilecek kaplama malzemesi secilmelidir.

* Yagis sular1 yapidan uzaklastirilirsa bozucu etkisi de olamaz. Yagis sularmmin yagmur indirme
borularindan sizdigi, bu borularin parcalarimin koptugu, ya da zemine inen borunun bitisinin
yapidan uzaklastirilamadigl goriilmistiir. Bu noktadan itibaren alinmasi gereken onemli tedbir
acilen bakim onarimin yapilarak zamaninda miidahale edilmesi saglanmalidir. Kisacas: yapinin
bakim ve onarimlarinin diizenli olarak yapilmasi gereklidir.

* Yapinun komsu binasi ile bitisik olmasi nedeniyle bu noktalarda genlesme (1s1 etkisi) ya da su (su
etkisi) sorunlar1 ile bozulmalar oldugu tespit edilmigtir. Miimkiin olmasi durumunda dilatasyon
derzi olusturabilmek ya da en azindan birlesim noktasinda derz ¢itas1 kullanmak gerekir. Komsu
binanin sagaklarindan sizan sularin soz konusu yapiya ulagsmasini engellemek icin su yalitimi
gereklidir.

¢ Boliim 1.3.1’de ele alinan 1s1 etkisi aslinda sorunlarin temel kaynagim olusturur. Farkli malzemelerin
bir arada kullanildig1 kisimlarda farkli genlesme oranlari ile kilcal ¢atlaklar meydana gelmektedir. Bu
catlaklar zaman i¢inde diger fiziksel etkilere maruz kalarak biiyiimeye bagslar. Buna benzer sorunlar
yapida da tespit edilmistir. Ozellikle yiizeye montaj sirasinda kullamlan diibellerin yeterli esnekligi
gosterememesi ya da uygun imalatinin yapilmamas: gibi durumlardan olusan hasarlar Bolim 3’te
gosterilmistir. Bu tiir noktalarda ve farkli yapi malzemelerin birlesim yerlerinde genlesme ya da
biiziilmeye izin verecek esnek malzemelerle desteklenmesi gerekmektedir.

* Yapi cephesine eklenen klima, aydinlatma elemanlar1 vb. cihazlarin uygun detaylandirilmasi
gerekmektedir. Sonradan yapilan bu tiir montajlarin yiizeye temas eden noktalarinda hasarlar
gozlenmistir. Uygun malzeme se¢imi, uygun montaj onemlidir. Bu noktalarda yapilacak isgilik
hatalarinin 6nlenmesi i¢in dncesinde planlama yapilmas gereklidir.

e Bakim onarimin gecikmesi nedeniyle, yagmur sularinin olusturdugu, malzeme yiizeylerinde kesitin
azalmasi ve bu noktalarda kotii koku yayan canli olusumlarinin giderilmesi igin yiizeyin
kurutulmasinin saglanmasi hastalanmis tas ya da tuglalarin ciiriitiilmesi ve yerine yenisinin
konulmas: gerekmektedir.

e Bolim 2.4'te malzeme 0Ozelliklerinin hasarlarin olusmasinda rol oynayabilecegi anlatilmistir.
Yapilarda kaplama malzemesinin nefes alan bir malzeme olmasi gerekir. S6z konusu yapida, {izerine
kaplama yapilan taglarin yogusma etkisi ile hasara ugradigi goriilmiistiir. Nefes alamayan tas
malzeme don etkisi ile parcalanmis kismi kopmalar olusmustur. Parca kopmalar1 devam edeceginden
hasara ugramis tasin hasarli oldugu kisim kadarinin yenilenmesi gerekir.

e Kuslarin digkilarinin cepheye zarar verdigi goriilmiistiir. Bu sebeple yagmur indirme borularimin
yatay kisimlarinda kuslarin tiinemesini engelleyecek ¢oziimler iiretilebilir.

* Yapmin zeminle birlestigi kistmlarin ve yakin gevresinin dogru detaylarla diizenlenmesi gereklidir.
Yapida yagmur indirme borularimin bir kisminin tretuvar i¢inde kaldigi bu noktalarda su birikmesi
olustugu gozlenmistir. Yapiin zeminle birlestigi yerden itibaren egim verilerek yapidan suyun
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uzaklastirilmasi saglanmalidir. Buna gore uygun yagmur indirme borulari tanzim edilmeli gizli
kanallar ile yagis sular1 yapidan uzaklagtirilmalidir.
e Klima borular rastgele diizenlenmistir. Klimaya ait terleme borularinin su kanallarmma uygun
detaylar ile yerlestirilmesi gerekmektedir.
Yap1 i¢ mekanlarinda ve i¢ yiizey kaplama malzemelerinde herhangi bir sorun goriilmemektedir. Ayrica
yapz1 biitiiniinde tasiyici sistemi etkileyen herhangi bir hasar da tespit edilememistir. Bu sebeple yapiya
yapilacak miidahalenin basit onarim olarak degerlendirilmesi gerekmektedir. Yapinin tarihi kimliginin
korunmasi ve tescilli olmasi sebebiyle cephe kimligini degistirmeden kii¢iik miidahaleler ile onarimlarin
yapilabilecegi gozlenmistir. Yukarida bahsedilen oneriler dikkate almnarak gerekli ¢alisma planinin
hazirlanmasi, tescilli yap1 olmas: sebebiyle gerek miiellif gerekse koruma ilkelerine uygun islemin
yapilacagr konusunda hazirliklar yapilmalidir. Basit onarimlarin acilen yapilmasiyla, yapi {izerinde
kalic1 hasar olusturabilecek etkilerin ortadan kaldirilmast miimkiin olacaktr.
Sonug olarak Konya PTT Hizmet Binasi tarihi bir mirastir. Cephe kaplama malzemelerinde meydana
gelen hasarlar basit onarimlarla halledilebilecek durumdadir. Gerekli miidahale yapilmamas: halinde
yapinin kalict hasarlara ugramasina neden olabilecektir. Bu sebeple hasarlarin giderilmesi icin yapiya
acilen miidahale edilmesi gereklidir.
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ABSTRACT: In this paper, analysis of sound transmission losses through lightweight concrete walls
was conducted against the high way trafic noises. The walls are generally used for thermal insulation
purposes in Turkey. Sound transmission was modeled using ANN. Input parameters frequency, density
of lightweight concrete wall and thickness of lightweight concrete wall structure (f, M, d» and output
parameter TS were described.

When the outcomes of the TS analysis and those of ANN modeling are summarized together; Sound
transmission losses improve with higher frequencies, higher wall densities and increased wall cross
sections. Regardless of sufficient thermal insulation of single layered lightweight concrete walls as
stipulated by the Turkey Institute of Standards (TSE 825), the wall cross sections were found to be
insufficient in terms of sound transmission. Beside thermal insulation of the single layered lightweight
concrete walls’ regulations, it was found with this study that, it is also necessary to analyze sound
transmission lossess, after which the wall cross sections should be sized.

Key Words: Artificial neuron network (ANN), Lightweight concrete wall, Sound transmit loss

Hafif Beton Duvarlarda Ses iletim Kaybinin Belirlenmesi ve Yapay Sinir Aginin Modellenmesi

OZ: Bu makalede, ana yolu trafik giiriiltiisiine karsi hafif beton duvarlardan ses iletim kayiplarimn
analizi yapilmistir. Duvarlar genellikle Tiirkiye'de 1s1 yalitim amaciyla kullarulmaktadir. Ses iletimi
ANN kullanilarak modellenmistir. Giris parametreleri frekans, hafif beton duvarin yogunlugu ve hafif
beton duvar yapisinin  kalinligi (f, M, d2) ve ¢ikis parametresi TS tanimlanmustir.
TS analizinin sonuglari ve modelleme sonuglari birlikte 6zetlendiginde; ses iletimi kayiplar: daha yiiksek
frekanslar, daha yiiksek duvar yogunluklari ve artan duvar kesitleri ile gelisir. Tiirkiye standart
Enstitiisti (TSE 825) tarafindan ongoriilen tek katmanli hafif beton duvarlarin yeterli 1s1 yalitimina
bakilmaksizin, duvar kesitlerinin ses iletimi agisindan yetersiz oldugu bulunmustur. Tek katmanli hafif
beton duvarlarin diizenlemelerinin 1s1 yalitiminin yani sira, bu ¢alismada, ses iletimi kayiplarini analiz
etmek i¢in de gerekli oldugu ve daha sonra duvar kesitlerinin boyutlandirilmasi gerektigi bulunmustur.

Anahtar Kelimeler: Yapay sinir a1, Hafif beton duvar, Ses iletim kaybi

Nomenclature

d thickness of lightweight concrete wall, m

f frequency, Hz

Lm suggested noise criteria in various indoor areas, dB
Lo main artery noise level, dB

M density of lightweight concrete wall, kg m-


mailto:1mutosun@selcuk.edu.tr.
mailto:2kdincer@selcuk.edu.tr

462 M. TOSUN, K. DINCER

MRE mean relative error

R overall thermal resistance value, m2 KW-!

Ri inner surfaces, m? KW-!

Ro outer surfaces, m2 KW-1

Ro sound reduction index, dB

Rw total thermal resistance of the lightweight concrete wall

STL sound transmission loss, dB

TS transmitted sound, dB

U thermal conductivity, W m K!

L difference between sound transmission loss of lightweight concrete walland suggested noise

criteria in various indoor occupied functional areas, dB
Li/1, maxvae maximum value for 1st climatic region/1st indoor areas, dB
Li/1, minvalwe minimum value for 1st climatic region/1st indoor areas, dB
Lia, av criteria value for 1st climatic region/1st indoor areas, dB

INTRODUCTION

There are various methods for predicting sound transmission loss of walls and floors that can be
used by noise control engineers. It is important to know how accurate these methods are for typical
constructions used in building acoustics. Results are presented for a number of different constructions
showing how accurately the results of predictions match experimental laboratory results. The results
will show the accuracy over the frequency range of 50 to 5,000 Hz. Both single and double partitions will
be discussed. (Ballagh, 2004). There have been many studies on sound transmission loss in walls. Some
are briefly mentioned below. Vigran (2009) conducted a study on prediction of sound reduction index of
finite size specimen by a simplified spatial windowing technique. Legault and Atalla presented
numerical and experimental investigation of the effect of structural links on the sound transmission of a
lightweight double panel structure. Wang et al, (2005) examined sound transmission through
lightweight double-leaf partitions by using a theoretical modelling. They noted that theoretical
modelling of the sound transmission loss through double-leaf lightweight partitions stiffened with
periodically placed studs. The models are used to explain the effects of incidence angle and of various
system parameters. The predictions are compared with the existing test data for steel plates with
wooden stiffeners, and good agreement is obtained.

Double drywalls composed of plasterboards have excellent characteristics such as light weight, easy
installation, fire resistance and high sound insulation performance, and are often used for separating
walls in apartment houses, hotels and office buildings. Recently, the requirement for sound insulation of
building walls has become more strict according to the change in lifestyle and the standard of living. In
addition, drywall construction is often applied to recording studios and cinema-complex buildings. In
such cases, an extremely high sound insulation performance is required (Matsumoto et al., 2006). Active
noise control technology has been used to increase the sound transmission loss of double-wall
structures. Several approaches have been put forward and explored individually. However, no
comparative study on those approaches has been conducted to show which approach is more effective
for given circumstances (Bao and Pan, 1997). There are a variety of noise sources within the indoor noise
environment of residential buildings. In particular, multi-storey buildings or neighboring apartment
units which share wall, ceiling and floor structures provide structure-borne sound paths for the
propagation of floor impact, airborne, and drainage noises (Jeona et al., 2010). The action of courtyard
houses in reducing the noise nuisance from road traffic is examined using the techniques of computer
simulation and acoustic scale modelling. This building form is found to be capable of reducing the noise
level experienced within a protected space (indoor or outdoor) by a significant amount. For a courtyard
house a fixed distance from a roadway, the most significant parameter, is found to be the height of the
courtyard walls (Oldhama and Mohsen, 2003) .
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ANNSs are good for some tasks while lacking in some others. Specifically, they are good for tasks
involving incomplete data sets, fuzzy or incomplete information, and for highly complex and ill-defined
problems, where humans usually decide on an intuitional basis. They can learn from examples, and are
able to deal with non-linear problems. Furthermore, they exhibit robustness and fault tolerance. The
tasks that ANNs cannot handle effectively are those requiring high accuracy and precision as in logic
and arithmetic. ANNs have been applied successfully in a number of application areas (Kalogirou, 2003).
An artificial neural network is a model of a biological neural network. The fundamental processing
element of a neural network is a neuron, while the weighted connection is served as the synapse. The
neuron receives inputs through the weighted connections, combines them in some way, performs
generally a nonlinear operation on the result and then outputs the final result. ANNs have large
numbers of neurons connected in a massive paralel structure (Zhang, 2005). ANN methods are applied
in thermal energy practices, and also in different sub-disciplines of engineering science such as modeling
of a thermal insulation system based on the coldest temperature conditions, (Tosun and Dincer, 2011),
modeling fuel consumption in wheat production (Safa and Samarasinghe, 2013), analysis of total energy
efficiency and optimization in an industrial sector (Olanrewaju et al., 2012), modeling of heating and
cooling performance of counter flow type vortex tube by (Kocabas et al.,, 2010), and in air cooled heat
exchangers (Kumar et al., 2006).

In this study, analysis of sound transmission loss through the lightweight concrete walls was made
against highway trafic noises and then modeled with ANN. These walls are generally used for thermal
insulation in Turkey. The results of the analysis conducted on 11 different background noises in various
indoor occupied functional activity areas show that, on 4 different climatic regions in Turkey, the sound
transmit loss on climatic regions with small cross sections is insufficient and that the sound transmit loss
improves with the increasing cross section area of the walls. However; on the 4th climatic region, it was
found that there is no need of insulation material in this region and that the sound insulation was
sufficient. In addition; it was found that as the density of the lightweight concrete wall increases, the
sound transmit loss improves too. In terms of frequency, it was found that the higher the frequency the
better the sound insulation would become. This study found out that some walls with sufficient thermal
insulation still need sound insulation especially inner areas that need extra quiteness. Sound
transmission against highway traffic noise on 11 different inner activity areas of outer walls made of
lightweight concrete was modelled with the ANN . 75 dB trafic noise level, frequency range of 100-4000
Hz and lightweight concrete walls having a density range of 400-800 kg m* were taken as the basis of
the modeling. 2, 3, 4, and 5 neurons were used on the ANN model and the best result was achieved at
the 1000 epoch on neuron 2. The actual values and ANN results were found to be consistent to each
other (training data R?=99.49 and for the testing data R? =99.51)

THEORY

The most basic definition of foamed concrete (cellular concrete, lightweight conrete) is that it is
“mortar with air bubbles in it.” The air content of foamed concrete may be up to 75% by volume. In
general terms, foamed concrete can be described as a lightweight, free flowing material which is ideal
for a wide range of applications. Foam concrete has excellent applications, not only as an insulation
material, but also for other structural uses like wall blocks, floor or roof panels, sun-breakers, chajjas etc.
In addition, it has sound deadening properties. Being essentially a structure composed of closed cells, it
has low moisture absorption capacity. The type of lightweight concrete wall used in this study is given
in Fig. 1.
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Figure 1. Lightweight concrete wall

The thermal insulation of the lightweight concrete wall, represented by the overall thermal
transmittance values U, has to be measured to calculate the heat losses towards the ambiance. In order to
be able to measure the heat losses of a building, the U value (the overall thermal transmittance values) of
lightweight concrete walls of the building must be calculated. U is defined as follows:

U=[R +R,+R,|" (1)

where U is the overall heat transfer coefficient, Ri and Ro, are inner and outer surfaces’ thermal
resistance values, 0.13 m? kW-! and 0.04 m? kW respectively. The U values used in this study are

presented in Table 1. Rw is the total thermal resistance of the lightweight concrete wall materials (TS
825, 2008). Rw is calculated by using Eq. 2

R, = ﬂ+d—2+$ ()
B I P

Table 1. U and d data for climatic regions of Turkey

Climatic region U, Wm2k! d2, cm
1 0.70 19
2 0.60 22
3 0.50 26
4 0.40 32

where d is the materials thickness and A is thermal conductivity of the material.
Lightweight concrete wall thicknesses (dz) for the 4 climatic regions of Turkey are given in Table 1

whereas the classification of walls based on their respective densities (400-800 kg m- ) is shown in
Table 2.
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Table 2. Light concrete classes (suitable to TS EN 771- 4 and walls made of blocks with normal pattern
thickness and concrete mix)

Foam concrete structural plates | Density, M= kg m-
1 400
2 500
3 600
4 700
5 800

The sound transmission loss (STL) between the source and receiving rooms are plotted on a graph
by frequency and sound level in decibels. STL (R, ) can be calculated from Eq. 3

R, =20log( f.M) —45 3)

where Ro is the sound reduction index. Here M is the surface density of board material and f is the
frequency (Ozer, 1979). The difference (L) between noise criteria range for steady background (Table 3)
and the sound transmitted from the lightweight concrete wall to the indoor areas can be calculated with
the below equation:

AL =L, —(L,—-R,) @

where Lu is the suggested noise criteria in various indoor occupied functional areas, L. is the main artery
noise level, Ro is the sound reduction index, TS is the transmitted sound. If Eq. 4 is rearranged according
to TS, then equation 5 can be written as below:

AL =L, -TS (5)

DEVELOPED ANN FOR THE SOUND TRANSMISSION OF LIGHTWEIGHT CONCRETE WALLS
AGAINST HIGHWAY NOISES

ANNs mimic somewhat the learning process of a human brain. Instead of complex rules and
mathematical routines, ANNs are able to learn the key information patterns within a multidimensional
information domain. In addition, the inherently noisy data do not seem to present a problem, since they
are neglected (Kalogirou and Bojic, 2000) . Artificial neural network is a type of artificial intelligence
technique that mimics the behavior of human brain. It can approximate a nonlinear relationship between
the input variables and the output of a complicated system (Yang et al., 2005 ).

In this study, light concrete walls’” sound transmissions were modelled with ANN for 11 different
buildings subjected to highway noises at the level of 75 decibals. Due to the fact that dimensioning of
outer shell of all thermal insulated buildings in Turkey is to be based on the TSE 825 standard, the
modeling of the ANN used for this study has been based on this same standard too. As ANN input
parameters dz, f, M were used, while the TS was the output parameter. Where d: represents wall
thickness; M is wall density and f, frequency. During modeling, these values were assigned: d»= 19, 22,
26, 32 cm, M= 400, 500, 600, 700, 800 kg m-, and f= 100, 200, 500, 1000, 2000, 4000 Hz. The thickness of
wall (d2) is calculated from Eq. 2. 120 data sets were obtained from the data list and 60 (1*t and 3
climatic regions) of them were chosen for training, whereas 30 (2" climatic region) of them were chosen
for testing. 30 data sets (4™ climatic region) were estimated with the ANN modeling. All the data were
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chosen randomly and normalized within the range of 0-1 for the ANN modeling by using the operator

given in Eq. 6.

Table 3. Recommended category classification and suggested noise criteria range for steady background
noise as heard in various indoor occupied functional activity areas

Type of space (and acoustical requirements) NC Curve Approximate
Ln, dB
1. Broadcast and recording studios (distant microphone pickup used), 10 18
concert halls, opera houses, and recital halls (for listening to faint musical sounds) 10-15 18-23
2. Large auditoriums, large drama theaters, and large churches Not to exceed 20 28
(for very good listening conditions)
8. Broadcast, television, and recording studios (close microphone pickup used only) Not to exceed 25 33
K. Small auditoriums, small theaters, small churches, conference rooms Not to exceed 30 38
(for very good listening), or executive offices and conference rooms
for 50 people (no amplification)
5. Bedrooms, sleeping quarters, hospitals, residences, apartments, hotels, 25-40 38-48
motels, etc. (for sleeping, resting, relaxing)
6. Private or semiprivate offices, small conference rooms, classrooms, 30-40 38-48
libraries, etc. (for good listening conditions)
Living rooms and drawing rooms in dwellings (for conversing or listening to radio and 30-40 38-48
television)
7. Large offices, reception areas, retail shops and stores, cafeterias, restaurants, etc. 35-45 43-53
(for moderately good listening conditions)
8. Lobbies, laboratory work spaces, drafting and engineering rooms, 40-50 48-58
general secretarial areas (for fair listening conditions)
9. Light maintenance shops, industrial plant control rooms, office and computer 45-55 53-63
equipment rooms, kitchens and laundries (for moderately fair listening conditions)
10. Shops, garages, etc. (for just acceptable speech and telephone 50-60 58-68
communication). Levels above NC or NCB 60 are not recommended
for any office or communication situation
11. For work spaces where speech or telephone communication is not required, but where there  55-70 63-78
must be no risk of hearing damage
7 = Z N- Z min ( 6)
VA max — VA min

where Zn is the normalized value of a variable, Z is a real value in a paremeter, Zmax and Zmin are the

maximum and minimum values of Z, respectively. In Fig. 2 ANN architecture used for d: is
schematically shown. The ANN model developed on Matlab software was tested at the values of 100,
250, 500, 1000 epochs for 2, 3, 4 and 5 neurons respectively. The best result was found at neuron 2.

RESULTS AND DISCUSSION

Excessive noise seriously harms human health and interferes with people’s daily activities at school,
at work, at home and during leisure time. It can disturb sleep, cause cardiovascular and
psychophysiological effects, reduce performance and provoke annoyance responses and changes in
social behaviour. Traffic noise alone is harming the health of almost every third person in the WHO
European Region. The 2009 WHO night noise guidelines for Europe provide both evidence and
recommendations that countries can easily use to introduce targeted limits for night noise. WHO/Europe
uses the evidence on the health effects of noise to identify the needs of vulnerable groups and to offer

technical and policy guidance to protect health (WHO, 2012).
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Figure 2. ANN architecture used for d2
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Noise ranges that are considered to cause no health damages at different occusions are presented in
Table 3. (Beranek and Ver, 1992) Sound insulation is necessary in areas that receive unacceptably high
levels of highway noises and the values for the noise climate found in situations where traffic noise pre-
dominates are presented in Table 4 (Croome, 1992).

Table 4. Noise climate found in situations where traffic noise predominates

Noise climate, dB

Group Location
Day Night

A Arterial roads with many heavy vehicles and buses (kerbside) 80-68 68-50
B (i) Major roads with heavy traffic and buses 7563 61-48

(ii) Side roads within 14-18 m of A or B group road
C (i) Residential roads

(11) Side roads within 14-18 m of heavy traffic rou.tes . 70-60

(iii) Courtyards of blocks of flats screened from direct view of

heavy traffic
D Residential roads with local traffic only 65-57 52-44
E (i) Minor roads

-52 48-4

(ii) Gardens of houses with traffic routes more than 61 m distant 60-5 8-43

F Parks, courtyards, gardens in residential areas well away from 55-50 4641

traffic routes

ANNSs have been used widely in many application areas. Researchers have been applying the ANN
technique successfully in various fields of mathematics, engineering, medicine, economics and many
other areas. ANNSs have been trained to overcome the limitations of the conventional approaches to
solve complex problems. This technique learns from given examples by constructing an input—output

mapping in order to perform predictions (Kalogirou, 2000). In this study, analysis was conducted on
sound transmission loss of single layered lightweight concrete walls used widely in Turkey and that
provide sufficient thermal insulation (based on TSE standards (Tables 5-8), then the transimitted sound
was modeled with ANN (Figs.3-6). The analysis of the lightweight concrete walls based on their noise

level threshold and the results of the ANN model were investigated in 4 situations.
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Figure 6. Variations of TS with respect to frequency (ANN-prediction-4* climatic region)

Situation for the 1st Climatic Region of Wall Thickness - L« for STL

According to TSE 825 standard, the lightweight concrete wall thickness sufficient for thermal
insulation in the 1st climatic region is d2=19 cm (Table 1). The values of wall thickness dz, density M and
frequency f, for transmitted sound (TS) analysis (+-L) in the 1¢t climatic region are presented in Table 5.
The worst case for the 1% climatic region is observed between sections 1 and 5 as given in Table 3. The
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values for the 1% spaces are as given below; +Li, min vae= -24.38 dB, £=100 Hz, M=400 kg m3; ~Li,cv
=0.48 dB, f=1000 Hz, M=700 kg m; L1, maxvae = 13.68 dB, f=4000 Hz, M=800 kg m; As for sections
in the 2nd spaces, the values are; L1, min vawe= -19.38 dB, =100 Hz, M=400 kg m3; ~Li2av = 0.62 dB, £=500
Hz, M=800 kg m3; +L1/2 maxvaiue = 18.68 dB, {=4000 Hz, M=800 kg m3; in the 3 spaces were found to bear
these values; +L1/3, min value= -14.38 dB, f=100 Hz, M=400 kg m3; +Lis.v =1.53 dB, =500 Hz, M=500 kg m?3;
+L1/3, max value = 23.68 dB, f=4000 Hz, M=800 kg m?; the study also found that the 4t spaces exhibit these
entities; +Lia, min vae= -9.38 dB, =100 Hz, M=400 kg m?, +Liscv = 0.16 dB, £=200 Hz, M=600 kg m3; +~Lis,
max value = 28.68 dB, f=4000 Hz, M=800 kg m=3; spaces in the 5" were found to have these values; +Li5, min
vaue= -4.38 dB, £=100 Hz, M=400 kg m-; +Lijs,av = 0.48 dB, £=100 Hz, M=700 kg m-%; +L1/5, max vaie = 33.68 dB,
£=4000 Hz, M=800 kg m-. No negative cases for the 1st climatic region were found between 6 -11 spaces
as listed in Table 3 where there is steady background noise as heard in various indoor occupied
functional activity areas. The best cases for spaces 6-11 were observed at {=4000 Hz ve M=800 kg m-.
These are; +Li/6, max value = 43.68 dB, +L1/7, max value = 48.68 dB, +L1/s, max value = 53.68 dB, +L1/9, max vaiue = 58.68 dB,
+L1/10, max value = 63.68 dB, +L1/11, max value = 73.68 dB. Fig.3 shows variation of ANN data and actual data with
respect to frequency and TS for the 1+t climatic region.

Table 5. ~L for lightweight concrete wall in 1st climatic region

Steady background noise as heard in various indoor occupied functional activity areas

1 2 3 4 5 6 7 8 9 10 11
- - - -9.38 -4.38 5.62 10.62 15.62 20.62 25.62 35.62

- - - -7.45 -245 755 1255 17.55 2255 27.55 37.55
- - - -5.86 -0.86 9.14 14.14 19.14 24.14 29.14 39.14
- - -9.52 -452 048 1048 1548 20.48 25.48 30.48 40.48
- - -8.36 -3.36 1.64 11.64 16.64 21.64 26.64 31.64 41.64
- - -8.36 -3.36 164 11.64 16.64 21.64 26.64 31.64 41.64
- - -6.42 -142 358 13.58 18.58 23.58 28.58 33.58 43.58
- -9.84 -484 0.16 516 1516 20.16 25.16 30.16 35.16 45.16
- -850 -3.50 150 6.50 16.50 21.50 26.50 31.50 36.50 46.50
- -7.34 -234 266 766 17.66 22.66 27.66 32.66 37.66 47.66
- -5.40 -0.40 4.60 9.60 19.60 24.60 29.60 34.60 39.60 49.60
-8.47 -3.47 153 653 1153 21.53 26.53 31.53 36.53 41.53 51.53
-6.88 -1.88 3.12 812 13.12 23.12 28.12 33.12 38.12 43.12 53.12

E‘ -554 -0.54 446 9.46 1446 2446 29.46 34.46 39.46 44.46 54.46
:é -4.38 0.62 562 10.62 15.62 25.62 30.62 35.62 40.62 45.62 55.62
%‘ -4.38 0.62 5.62 10.62 15.62 25.62 30.62 35.62 40.62 45.62 55.62
S |-245 255 755 1255 17.55 27.55 32.55 37.55 42.55 47.55 57.55

-0.86 414 9.14 14.14 19.14 29.14 34.14 39.14 44.14 49.14 59.14
048 548 1048 1548 20.48 30.48 3548 40.48 45.48 50.48 60.48
1.64 6.64 11.64 16.64 21.64 31.64 36.64 41.64 46.64 51.64 61.64
1.64 6.64 11.64 16.64 21.64 31.64 36.64 41.64 46.64 51.64 61.64
3.58 858 13.58 18.58 23.58 33.58 38.58 43.58 48.58 53.58 63.58
516 10.16 15.16 20.16 25.16 35.16 40.16 45.16 50.16 55.16 65.16
6.50 11.50 16.50 21.50 26.50 36.50 41.50 46.50 51.50 56.50 66.50
7.66 12,66 17.66 22.66 27.66 37.66 42.66 47.66 52.66 57.66 67.66
7.66 12,66 17.66 22.66 27.66 37.66 42.66 47.66 52.66 57.66 67.66
9.60 14.60 19.60 24.60 29.60 39.60 44.60 49.60 54.60 59.60 69.60
11.18 16.18 21.18 26.18 31.18 41.18 46.18 51.18 56.18 61.18 71.18
12.52 17.52 22.52 27.52 32.52 4252 4752 5252 57.52 6252 7252
13.68 18.68 23.68 28.68 33.68 43.68 48.68 53.68 58.68 63.68 73.68
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Situation for the 2nd Climatic Region of Wall Thickness - L for STL

The 2nd climatic region according to the TSE 825 standard should have lightweight concrete wall
thickness of 22 cm (d2=22 cm-see Table 1) in order to achieve sufficient thermal insulation. The TS
analysis (+L) for the 2nd climatic region in terms of wall thickness dz, density M and frequency,f is
presented in Table 6.

The worst case for the 2nd climatic region as given in Table 3 occurred on sections 1-5. The values for
the 1+t spaces were found to be; +L2/1, min vae= -23.11 dB, £=100 Hz, M=400 kg m?3; ~ Lo« 0.41 dB, £=1000
Hz, M=600 kg m-%; +L2/1, max value = 14.95, £=4000 Hz, M=800 kg m?3; for the 2"d spaces, the values were; +Lap,
min value= -18.11 dB, =100 Hz, M=400 kg m-%; +Lap.av = 0.73 dB, £=500 Hz, M=700 kg m3; + L2, max value =19.95
dB, £=4000 Hz, M=800 kg m-; the 3¢ spaces had these values; L2/, min vae=-13.11 dB, =100 Hz, M=400 kg
m>3; yLasev = 0.87 dB, =500 Hz, M=400 kg m=; +L2/3, max vaiue = 24.95 dB, {=4000 Hz, M=800 kg m=3; values
for the 4t spaces were; + L2/, min vaiue= -8.11 dB, f=100 Hz, M=400 kg m3; ~Loucv = 1.43 dB, =200 Hz, M=600
kg m3; + Lo/, max valve = 29.95 dB, £=4000 Hz, M=800 kg m-; the 5% space’s values were ; +La2/5, min value= -3.11
dB, =100 Hz, M=400 kg m?3; ~Lasav = 0.41 dB, =100 Hz, M=600 kg m=; +Laj5, max vaiwe = 34.95 dB, f=4000
Hz, M=800 kg m?. In terms of sound transmission for the 2nd climatic region, (Table 3) no negative
observation was recorded for spaces 6-11. The best case on these spaces (6-11) exhibited these conditions,
£=4000 Hz ve M=800 kg m=, Where the values were; +L2/6, maxvalue = 44.95 dB, +L2/7, max value = 49.95 dB, +Lass,
max value = 54.95 dB, +L2/9, max value = 59.95 dB, +L2/10, max value = 64.95 dB, +L211, max vae = 74.95 dB. In Fig. 4,
variation of actual and ANN data with respect to frequency and TS for the 2 climatic region is
presented.

Situation for 3rd Climatic Region of Wall Thickness - L for STL

According to the TSE 825 standard, the thickness of lightweight concrete wall sufficient for thermal
insulation for the 3¢ climatic region is d>=26 cm (Table 1). The values of d2, M and f for TS analysis (+L)
for the 3 climatic region is presented in Table 7.
£=200 Hz, M=800 kg/m3; +Ls/3, maxvaive = 26.40 dB, f=4000 Hz, M=800 kg m?3; as for the 4t spaces, the values
were; > Lsj, min value= -6.66 dB, =100 Hz, M=400 kg m3; ~Lsucv = 1.30 dB, =200 Hz, M=500 kg m3; +L3/4, max
vawe = 31.40 dB, £=4000 Hz, M=800 kg m3; values for the 5% spaces were found to be; +L3/5, min value= -1.66
dB, =100 Hz, M=400 kg m?3; vLssav = 0.28 dB, £=100 Hz, M=500 kg m=; +Lsjs, max vae = 36.40 dB, f=4000
Hz, M=800 kg m?3. As for the 3™ climatic region, among the sections 6-11 in Table 3, no negative aspects
in terms of sound level were found for sections 6% - 11t whereas the best case for 6-11 spaces in the 314
climatic region took space under these conditions of frequency and density, {=4000 Hz and M=800 kg m
respectively. Here, it is found that; +Ls/s, max value = 46.40 dB, +L3/7, max vaiue = 51.40 dB, L3/8, max value = 56.40
dB, +L3/9, max value = 61.40 dB, +L3/10, max value = 66.40 dB, +L3/11, max vaive = 76.40 dB. Fig. 5 shows variation of
ANN and actual data for the 3 climatic region based on frequency and TS.

The most negative case for the 34 climatic region appears on sections 1-5 as shown on Table 3. For
the 1% spaces, the following values were found; +Ls/1, min vale= -21.66 dB, =100 Hz, M=400 kg m-%;, +Ls1,cv =
0.28 dB, £=1000 Hz, M=500 kg m, +Ls/1, max vae = 16.40 dB, f=4000 Hz, M=800 kg m; For the 2" spaces,
the values found were L3z min vaue= -16.66 dB, f=100 Hz, M=400 kg m?3; +Lspzev = 0.84 dB, =500 Hz,
M=600 kg m3; v L3/ max vae = 21.40 dB, £=4000 Hz, M=800 kg m; the 3¢ spaces had; +L3/3, min value= -11.66
dB, £=100 Hz, M=400 kg m?; +Lss,av=0.38 dB,



472 M. TOSUN, K. DINCER

Table 6. +L for lightweight concrete wall in 2nd climatic region

Steady background noise as heard in various indoor occupied functional

1 2 3 4 5 6 7 8 9 10 11
- - - -8.11 -3.11 6.89 11.89 16.89 21.89 26.89 36.89

- - - -6.17 -1.17 8.83 13.83 18.83 23.83 28.83 38.83
- - -9.59 -459 041 1041 1541 2041 2541 30.41 40.41
- - -8.25 -3.25 175 11.75 16.75 21.75 26.75 31.75 41.75
- - -7.09 -2.09 291 1291 1791 2291 2791 3291 42091
- - -7.09 -2.09 291 1291 1791 2291 2791 3291 42091
- - -5.15 -0.15 4.85 14.85 19.85 24.85 29.85 34.85 44.85
- -8.57 -3.57 143 643 1643 21.43 2643 31.43 3643 46.43
- -7.23 -223 277 7.77 17.77 22.77 2777 3277 37.77 47.77
- -6.07 -1.07 393 893 1893 2393 28.93 33.93 38.93 48.93
-9.13 -4.13 0.87 5.87 10.87 20.87 25.87 30.87 35.87 40.87 50.87
-719 -219 2.81 781 1281 22.81 27.81 32.81 37.81 42.81 52.81
-5.61 -0.61 4.39 939 1439 24.39 2939 34.39 3939 44.39 54.39

E -4.27 073 573 10.73 15.73 25.73 30.73 35.73 40.73 45.73 55.73
.:C:’ -311 1.89 6.89 11.89 16.89 26.89 31.89 36.89 41.89 46.89 56.89
% -3.11 1.89 6.89 11.89 16.89 26.89 31.89 36.89 41.89 46.89 56.89
< |-1.17 3.83 8.83 13.83 18.83 28.83 33.83 38.83 43.83 48.83 58.83

041 541 1041 1541 2041 30.41 35.41 40.41 4541 50.41 60.41
1.75 6.75 11.75 16.75 21.75 31.75 36.75 41.75 46.75 51.75 61.75
291 791 1291 1791 2291 3291 3791 4291 4791 5291 6291
291 791 1291 1791 2291 3291 3791 4291 4791 5291 6291
485 9.85 14.85 19.85 24.85 34.85 39.85 44.85 49.85 54.85 64.85
6.43 11.43 16.43 21.43 2643 36.43 41.43 46.43 51.43 56.43 66.43
777 1277 17.77 2277 27.77 37.77 4277 47.77 5277 57.77 67.77
893 1393 1893 2393 2893 3893 43.93 4893 53.93 5893 68.93
893 1393 1893 2393 2893 3893 43.93 4893 53.93 58.93 68.93
10.87 15.87 20.87 25.87 30.87 40.87 45.87 50.87 55.87 60.87 70.87
12.45 17.45 2245 27.45 32.45 4245 47.45 52.45 57.45 6245 72.45
13.79 18.79 23.79 28.79 33.79 43.79 48.79 53.79 58.79 63.79 73.79
1495 19.95 2495 29.95 3495 44.95 4995 54.95 59.95 64.95 74.95
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Table 7. ~L for lightweight concrete wall in 3rd climatic region

Steady background noise as heard in various indoor occupied functional activity areas
1 2 3 4 5 6 7 8 9 10 11
-21.66 -16.66 -11.66 -6.66 -1.66 8.34 13.34 1834  23.34 28.34 38.34
-19.72 -14.72 -9.72 -4.72 0.28 10.28 15.28 20.28 25.28 30.28 40.28
-18.14 -13.14 -8.14 -3.14 1.86 11.86 16.86 21.86 26.86 31.86 41.86
-16.80 -11.80 -6.80 -1.80 3.20 13.20 18.20 23.20 28.20 33.20 43.20
-15.64 -10.64 -5.64 -0.64 4.36 14.36 19.36 24.36 29.36 34.36 44.36
-15.64 -10.64 -5.64 -0.64 4.36 14.36 19.36 24.36 29.36 34.36 44.36
-13.70 -8.70 -3.70 1.30 6.30 16.30 21.30 26.30 31.30 36.30 46.30
-12.12 -7.12 -2.12 2.88 7.88 17.88 22.88 27.88 32.88 37.88 47.88
-10.78 -5.78 -0.78 4.22 9.22 19.22 24.22 29.22 34.22 39.22 49.22
-9.62 -4.62 0.38 5.38 10.38 20.38 25.38 30.38 3538  40.38 50.38
-7.68 -2.68 2.32 7.32 12.32 22.32 27.32 32.32 3732 4232 52.32
-5.74 -0.74 4.26 9.26 14.26 24.26 29.26 34.26 39.26  44.26 54.26
s |- 4.16 0.84 5.84 10.84 1584  25.84 30.84 3584  40.84  45.84 55.84
o | -2.82 2.18 7.18 12.18 17.18 27.18 32.18 37.18 4218  47.18 57.18
& |-1.66 3.34 8.34 13.34 1834  28.34 3334 3834 4334 4834 58.34
\If*.l; -1.66 3.34 8.34 13.34 1834  28.34 3334 3834 4334 4834 58.34
® 1028 5.28 10.28 15.28 20.28 30.28 3528  40.28 45.28 50.28 60.28
1.86 6.86 11.86 16.86 21.86 31.86 36.86  41.86 46.86 51.86 61.86
3.20 8.20 13.20 18.20 23.20 33.20 3820 4320 48.20 53.20 63.20
4.36 9.36 14.36 19.36 24.36 34.36 39.36 4436 49.36 54.36 64.36
4.36 9.36 14.36 19.36 24.36 34.36 39.36  44.36 49.36 54.36 64.36
6.30 11.30 16.30 21.30 26.30 36.30 4130  46.30 51.30 56.30 66.30
7.88 12.88 17.88 22.88 27.88 37.88 4288  47.88 52.88 57.88 67.88
9.22 14.22 19.22 24.22 29.22 39.22 44.22 49.22 54.22 59.22 69.22
10.38 15.38 20.38 25.38 30.38 4038 45.38 50.38 55.38 60.38 70.38
10.38 15.38 20.38 25.38 30.38  40.38 45.38 50.38 55.38 60.38 70.38
12.32 17.32 22.32 27.32 3232 42.32 47.32 52.32 57.32 62.32 72.32
13.90 18.90 23.90 28.90 33.90  43.90 48.90 53.90 58.90 63.90 73.90
15.24 20.24 25.24 30.24 3524 4524 50.24  55.24 60.24 65.24 75.24
16.40 21.40 26.40 31.40 3640 4640 51.40 56.40 61.40 66.40 76.40

Situation for the 4th Climatic Region of Wall Thickness - L for STL

32 cm is the acceptable thickness of a lightweight concrete wall for thermal insulation for the 4%
climatic region in TSE 825 (Table 1). TS analysis (+-L) of d2, M and f, for the 4% climatic region is shown
on Table 8. The 4™ climatic region has had its worst case between sections 1 and 4 (Table 3). Here, the 1+
spaces acquired the values of ; +La, min vae= -19.86 dB, £=100 Hz, M=400 kg m=3; ~Lasv = 0.14 dB, £=500
Hz, M=800 kg m% +La/1, max value = 18.21 dB, f=4000 Hz, M=800 kg m; the 27 spaces exhibited these values;
+L472, min vaue= -14.86 dB, £=100 Hz, M=400 kg m3; +Lizav = 1.06 dB, £=500 Hz, M=500 kg m3; +La/2, max value =
23.21 dB, =4000 Hz, M=800 kg m% while the 3¢ spaces indicated; +L4/3, min vae= -9.86 dB, =100 Hz, M=400
kg m3; +Lapav =1.03 dB, =200 Hz, M=700 kg m% +La3, maxvae = 28.21 dB, f=4000 Hz, M=800 kg m; as for
the 4™ spaces, the values were; +Las, min vaiue= - 4.86 dB, f=100 Hz, M=400 kg m3; +Lssv = 0.00 dB, £=100
Hz, M=700 kg m? ~Lss max vawe = 33.21 dB, f=4000 Hz, M=800 kg m=. The investigation found no
irregularities in terms of sound levels for the 4 climatic region between 5-11; while the best case in these
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sections (5-11) occurred at f=4000 Hz and M=800 kg m-. Here the values are; +L4s, max vaive = 38.21 dB,
+L4/6, max value = 48.21 dB, +L4/7, max value = 53.21 dB, +L4/8, max value = 58.21 dB, v L4/9, max value = 63.21 dB, +L4/10, max
value = 68.21 dB, »La/11,maxvaie = 78.21 dB. Fig. 6 shows variation of ANN and actual data for the 4 climatic
region based on frequency and TS.

When the Tables 5-8 are evaluated for 1,2,3,4,5 spaces that need strong insulation in Table 3, it is
found that the sound transmission losses are not sufficient. These insufficient values were particularly
found at these frequencies: 100, 200, 500, 1000 Hz. As for the sections 6-11, the single layer lightweight
concrete wall cross sections as recommended by TSE 825, were found to provide sufficient sound
transmission loss. This is so because, these areas need no high level sound sensitvity and are generally
public areas. With this study, it was found that it is necessary that apart from dimensioning the
lightweight single concrete walls for thermal insulation under working frequencies of 100, 200, 500 and
1000 Hz with low densities, sound sensitive spaces described in 1-5 spaces should also be considered in
terms of sound transmission losses. In addition, the buildings in the 1 climatic region which need lower
thermal insulation were also found to have lower inner sound insulation; and as the need for the thermal
insulation increases in the 2nd, 314, and 4t climatic regions, the sound insulation increases too. It is
therefore determined that thermal and sound transmissions go hand in hand.

Table 8. ~L for lightweight concrete wall in 4th climatic region

Steady background noise as heard in various indoor occupied functional activity areas

1 2 3 4 5 6 7 8 9 10 11
-19.86 -14.86 -9.86 -4.86 0.14 1014 1514  20.14 2514  30.14  40.14
<1792 1292 -7.92 -2.92 2.08 1208 17.08 2208 27.08 3208  42.08
-16.33  -11.33  -6.33 -1.33 3.67 13.67  18.67  23.67 2867  33.67  43.67
-15.00 -10.00 -5.00 0.00 5.00 15.00  20.00 25.00 30.00 35.00 @ 45.00
-13.84 -8.84 -3.84 1.16 6.16 1616  21.16 2616  31.16  36.16  46.16
-13.84 -8.84 -3.84 1.16 6.16 1616 21.16 2616  31.16  36.16  46.16
-11.90  -6.90 -1.90 3.10 8.10 18.10  23.10  28.10 33.10 38.10  48.10
-10.31  -5.31 -0.31 4.69 9.69 19.69 2469  29.69 3469  39.69  49.69
-8.97 -3.97 1.03 6.03 11.03  21.03 2603 31.03 36.03 41.03 51.03
-7.81 -2.81 2.19 7.19 1219 2219 2719 3219 3719 4219 5219
-5.88 -0.88 412 9.12 1412 2412 2912 3412  39.12 4412 5412
-3.94 1.06 6.06 11.06 1606 2606 31.06 36.06 41.06 46.06  56.06
-2.35 2.65 7.65 1265 1765 2765 3265 3765 4265  47.65  57.65

p=
«  [-1.02 3.98 8.98 13.98 18.98 28.98 33.98 38.98 43.98 48.98 58.98
T
£ 014 5.14 10.14 15.14 20.14 30.14 35.14 40.14 45.14 50.14 60.14
% 0.14 5.14 10.14 15.14 20.14 30.14 35.14 40.14 45.14 50.14 60.14
]

2.08 7.08 12.08 17.08 22.08 32.08 37.08 42.08 47.08 52.08 62.08
3.67 8.67 13.67 18.67 23.67 33.67 38.67 43.67 48.67 53.67 63.67
5.00 10.00 15.00 20.00 25.00 35.00 40.00 45.00 50.00 55.00 65.00
6.16 11.16 16.16 21.16 26.16 36.16 41.16 46.16 51.16 56.16 66.16
6.16 11.16 16.16 21.16 26.16 36.16 41.16 46.16 51.16 56.16 66.16
8.10 13.10 18.10 23.10 28.10 38.10 43.10 48.10 53.10 58.10 68.10
9.69 14.69 19.69 24.69 29.69 39.69 44.69 49.69 54.69 59.69 69.69
11.03 16.03 21.03 26.03 31.03 41.03 46.03 51.03 56.03 61.03 71.03
12.19 17.19 22.19 27.19 32.19 42.19 47.19 52.19 57.19 62.19 72.19
12.19 17.19 22.19 27.19 32.19 42.19 47.19 52.19 57.19 62.19 72.19
14.12 19.12 24.12 29.12 34.12 44.12 49.12 54.12 59.12 64.12 74.12
15.71 20.71 25.71 30.71 35.71 45.71 50.71 55.71 60.71 65.71 75.71
17.05 22.05 27.05 32.05 37.05 47.05 52.05 57.05 62.05 67.05 77.05
18.21 23.21 28.21 33.21 38.21 48.21 53.21 58.21 63.21 68.21 78.21
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When the results of ANN modeling for the transmitted sound are evaluated together (Figure 3-6), it
is found that the maximum sound transmission occurs on the 1st climatic region, at a frequency of 100
Hz, wall density of 400 kgm? and sound level of 42.38 dB (training) while the minimum sound
transmission takes space on the 4% climatic region and at a frequency of 4000 Hz, density of 800 kgm-
and sound level of -1.76 dB (prediction). Some statistical methods are defined as follows: The error
during the learning session is called the root-mean-square (RMS) value and is defined as follows (S6zen
and Arcaklioglu, 2007):

1/2
RMS {(1/ p)Z‘tj _ojf] @)
J

In addition, absolute fraction of variance (R?) and mean absolute percentage error (MAPE) are defined as
follows, respectively (S6zen and Arcaklioglu, 2007):

Z(tj_oj)z
TS ©

where t is target value, o is output value, and p is pattern (S6zen and Arcaklioglu, 2007)

ot
MAPE —TX100 ©)

The statistical values such as RMS, R2, MAPE are given in Table 9. When Table 9 is studied, it is found
that the ANN values cope well with the actual values.

Table 9. The statistical error values for TS

RMS R%(%) MAPE(%) ANN
0.89 99.49 2.56 Training

0.15 9951 1.11 Test

CONCLUSION

In this study, analysis of sound transmission losses through lightweight concrete walls was
conducted against the high way trafic noises. The walls are generally used for thermal insulation
purposes in Turkey. Sound transmission was modeled using ANN.

The conclusions drawn in this paper are summarized as follows:

» Sound transmission losses improve with higher frequencies, higher wall densities and increased
wall cross sections.
> Regardless of sufficient thermal insulation of single layered lightweight concrete walls as
stipulated by the Turkey Institute of Standards (TSE 825), the wall cross sections were found to
be insufficient in terms of sound transmission (Figures 5-8).
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> Beside thermal insulation of the single layered lightweight concrete walls’ regulations, it was
found with this study that, it is also necessary to analyze sound transmission lossess, after which
the wall cross sections should be sized.

» The ANN was trained and tested by means of toolbox of the MATLAB software on a personal
computer.

» Input parameters dz, f, M and output parameter TS were described.

> In modeling the lightweight concrete walls for sound transmission against the highway noises,
the back-propagation algorithm has been implemented to calculate errors and adjust weights of
the hidden layer neurons. The sigmoid function was chosen as the transfer function. Number of
neurons in the hidden layer and epoch numbers were tested for different values (100, 250, 500
and 1000 epoch). The model was tested on 2, 3, 4 and 5 neurons. A network of 2 neurons was
chosen as it yielded the most appropriate results.

> R? for training the TS is 99.49 % and R? for testing the TS is 99.51 %. The actual values and ANN
results show that ANN can be successfully used for analyzing sound transmission through
lightweight concrete walls against highway noises.

REFERENCES

Ballagh, K.O., “Accuracy of Prediction Methods for Sound Transmission Los, Inter-Noise 2004”, The 33rd
International Congress and Exposition on Noise Control Engineering, New Zealand, 2004.

Bao, C., Pan, J.,, 1997, “Experimental Study of Different Approaches for Active Control of Sound
Transmission Through Double Walls”, Journal of Acoustical Society of America, Vol. 102, pp.
1664-1670.

Beranek, L.L., Ver, L. L., 1992, Noise and Vibration Control Engineering Principles and Aplications. A Wiley-
Interscience Publication, New York, p. 633.

Croome, D. J., 1992, Noise and the Design of Buildings and Services, Construction Press, New York, p. 31.
Jeona, J.Y.,, Ryu, J. K, Leea, P. J., 2010, “A Quantification Model of Overall Dissatisfaction with Indoor
Noise Environment In Residential Buildings”, Applied Acoustics, Vol. 71, pp. 914-921. 3]

Julien, L., Noureddine, A., 2009, “Numerical and Experimental Investigation of the Effect of Structural
Links on the Sound Transmission of a Lightweight Double Panel Structure”, Journal of Sound

and Vibration, Vol. 324, pp. 712-732.

Kalogirou, S.A., Bojic, M., 2000, “Artificial Neural Networks for the Prediction of The Energy
Consumption of a Passive Solar Building”, Energy, Vol. 25, pp. 479-491.

Kalogirou, S.A., 2000, “Applications of Artificial Neural-networks for Energy Systems”, Applied Energy,
Vol. 67, pp. 17-35.

Kalogirou, S.A., 2003, “Artificial Intelligence for the Modeling and Control of Combustion Processes: a
Review”, Progress in Energy and Combustion Science, Vol. 29, pp. 515-566.

Kocabas, F., Korkmaz, M., Sorgucu, U., Donmez, S. 2010, “Modeling Of Heating And Cooling
Performance of Counter Flow Type Vortex Tube by Using Artificial Neural Network”,
International Journal of Refrigeration, Vol. 33, pp. 963-972 [17] Ozer, M., 1979, Yap: Akustgi ve Ses
Yalitim, Arpaz Publication, Istanbul, Turkey, pp.143.

Kumar, M.M., Stoll, N., Stoll, R., 2006, “An Energy-Gain Bounding Approach to Robust Fuzzy
Identification”, Automatica, Vol. 42, pp. 711-721.

Matsumoto, T., Uchida, M., Sugaya, H., Tachibana, H., 2006, “Development of Multiple Drywall with
High Sound Insulation Performance”, Applied Acoustics, Vol. 71, pp. 595-608.13]

Olanrewaju, O.A., Jimoh, A.A., Kholopane, P.A., 2012, “Integrated IDA-ANN-DEA for Assessment and
Optimization of Energy Consumption in Industrial Sectors”, Energy, Vol. 46, pp. 629-635.

Oldhama, D.J, Mohsen, E.A., 2003, “A Model Investigation of the Acoustical Performance of Courtyard
Houses with Respect to Noise from Road Traffic”, Applied Acoustics, Vol. 12, pp. 215-230.


http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Bao%2C+C.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Pan%2C+J.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://193.140.140.131:8000/3748/http:/www.sciencedirect.com/#implicit0
http://193.140.140.131:8000/3748/http:/www.sciencedirect.com/#implicit0
http://www.sciencedirect.com/science/journal/0003682X
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V4R-4YF5R6R-1&_user=867461&_coverDate=08%2F31%2F2010&_alid=1707849959&_rdoc=3&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5765&_docanchor=&view=c&_ct=53&_acct=C000046701&_version=1&_urlVersion=0&_userid=867461&md5=20b7d165e873ab5749f4c9ed1a9ea76b&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V4R-4YF5R6R-1&_user=867461&_coverDate=08%2F31%2F2010&_alid=1707849959&_rdoc=3&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5765&_docanchor=&view=c&_ct=53&_acct=C000046701&_version=1&_urlVersion=0&_userid=867461&md5=20b7d165e873ab5749f4c9ed1a9ea76b&searchtype=a
http://www.sciencedirect.com/science/journal/0003682X
http://www.sciencedirect.com/science/article/pii/S0360544212005865
http://www.sciencedirect.com/science/article/pii/S0360544212005865
http://www.sciencedirect.com/science/article/pii/S0360544212005865
http://www.sciencedirect.com/science/journal/03605442
http://www.sciencedirect.com/science/journal/03605442/46/1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V1S-47YVS4W-37&_user=10&_origUdi=B6V2V-460DF89-1&_fmt=high&_coverDate=05%2F31%2F1979&_rdoc=1&_orig=article&_origin=article&_zone=related_art&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=27ae9df3c264910dc64780b6ffa351a3#implicit0
http://www.sciencedirect.com/science/journal/0003682X

Determination Of Sound Transmission Loss In Lightweight Concrete Walls and Modeling Artificial Neural Network 477

Sozen, A., Arcaklioglu, E., 2007, “Exergy Analysis of an Ejector-Absorption Heat Transformer Using
Artificial Neural Network Approach”, Applied Thermal Engineering, Vol. 27, 481-491.

Safa, M., Samarasinghe, S., 2013, “Modelling Fuel Consumption in Wheat Production Using Artificial
Neural Networks”, Energy, Vol. 49, pp. 337-343.

Tosun, M., Dincer, K., 2011, “Modelling of a Thermal Insulation System Based on the Coldest
Temperature Conditions by Using Artificial Neural Networks to Determine Performance of
Building for Wall Types in Turkey, International Journal of Refrigeration, Vol. 34, pp. 362-373.

TS 825, Thermal Insulation Requirements for Buildings, Ankara, Turkey, 2008.

Vigran, T.E., 2009, “Predicting the Sound Reduction Index of Finite Size Specimen by a Simplified
Spatial Windowing Technique”, Journal of Sound and Vibration, Vol. 325, pp. 507-512.

Yang, J., Rivard, H., Zmeureanu, R., 2005, “On-line Building Energy Prediction Using Adaptive Artificial
Neural Networks”, Energy and Buildings , Vol. 37, pp. 1250-1259.

Wang, J., Lu, T.J, Woodhouse, ]., Langley, R.S, Evans, J., 2005, “Sound Transmission Through
Lightweight Double-Leaf Partitions: Theoretical Modelling”, Journal of Sound and Vibration, Vol.
286, pp. 817-847.

WHO, http://www.euro.who.int/en/who-we-are/policy-documents (Accessed 05 May 2012).s

Zhang, C.L., 2005, “Generalized Correlation of Refrigerant Mass Flow Rate Through Adiabatic Capillary
Tubes using Artificial Neural Network”, International Journal of Refrigeration, Vol. 28, pp. 506-
514.


http://www.sciencedirect.com/science/article/pii/S0360544212008353
http://www.sciencedirect.com/science/article/pii/S0360544212008353
http://www.euro.who.int/en/who-we-are/policy-documents

S.U. Miih. Bilim ve Tekn. Derg., c.6, 5.3, ss. 478-489, 2018

y Selcuk Univ. J. Eng. Sci. Tech., v.6, n.3, pp. 478-489, 2018
.. .SELCU.K . ISSN: 2147-9364 (Electronic)
UNIVERSITESI DOI: 10.15317/Scitech.2018.146

MUHENDISLIK FAKULTESI

DISTRICT DESIGN AND ROUTE PLANNING FOR CUSTOMER-RELATED FIELD
OPERATIONS OF NATURAL GAS DISTRIBUTION SYSTEMS: A CASE STUDY

1Gozde Can ATASAGUN, 2Emine AKHUSEYIN, 3Yakup KARA, ‘Ismail KARAOGLAN

L24Department of Industrial Engineering, Selcuk University, Konya, Turkey
SYENMAK Inc., Konya, Turkey
lgozdecan@selcuk.edu.tr, 2emineceylan0@gmail.com, 3ykara@selcuk.edu.tr, 4ikaraoglan@selcuk.edu.tr

(Gelis/Received: 30.11.2017; Kabul/Accepted in Revised Form: 12.12.2017)

ABSTRACT: Approximately 24% of the world energy requirement is supplied by natural gas. A natural
gas distribution system in a city consists of four main processes, i.e. construction, operating, internal
installations, and customer services, which are connected to each other. In this study, customer services
processes of the distribution system which are directly related to customers is considered. Mathematical
formulations are presented for customer services processes such as district design, route planning and
mobile team workload assignment, and applied on one of the authorized natural gas distribution
company in Turkey. Performance of the proposed formulations is compared with the current system by
means of the number of mobile teams and amount of workloads. The computational studies show that
the number of mobile teams of the proposed system is 37% lower than the current system.

Key Words: Mathematical modeling, Natural gas distribution

Dogalgaz Dagitim Sistemlerinde Miisteriye Bagli Saha Operasyonlari Igin Bolgesel Ayrim ve Rota
Planlamasi: Bir Ornek Uygulama

OZ: Diinya enerji ihtiyacinin yaklagtk % 24'ii dogalgazdan karsilanmaktadir. Bir sehirde, dogal gaz
dagitim sistemi, yapim, isletme, i¢ tesisat ve mdiisteri hizmetleri olmak iizere birbirine baghh dort ana
siiregten olusur. Bu ¢alismada, dagitim sisteminin miisteri ile dogrudan iligkili olan miisteri hizmetleri
siirecleri ele alinmistir. Bolgesel ayrim, rota planlamasi ve mobil ekip is yiikii tahsisi gibi miisteri
hizmetleri siiregleri icin matematiksel modeller 6nerilmis ve Tiirkiye'de yetkili dogal gaz dagitim
sirketlerinden birisinde uygulanmistir. Onerilen modellerin performansi, mobil ekip sayisi ve is yiikii
miktar1 agisindan mevcut sistemle karsilagtirilmistir. Deneysel calismalar, onerilen sistemin mobil ekip
sayisinin mevcut sistemden % 37 daha diisiik oldugunu gostermektedir.

Anahtar Kelimeler: Matematiksel modelleme, Dogal gaz dagitimi
INTRODUCTION

Natural gas is a primary energy resource which consists of ethane, methane, propane and butane
hydrocarbons. Natural gas is preferred to other fossil fuels because of the low environmental damage,
low cost and rapid burning. Approximately 24% of the world energy requirement is supplied by natural
gas (Energy Information Administration, 2006).

Turkey is located at the strategic cross roads between the abundant petroleum and natural gas
reserves of the Middle / Near East and primary consumers in Europe and America (Kemal Ozturk and
Hepbasli, 2004). Besides being an important natural gas transmitter, Turkey is one of the main
consumers in Europe/Near East region. The use of natural gas in Turkey has begun in 1976 with the
discovery of natural gas resources in Thrace region, and it has remained limited until the first natural
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gas import from Union of Soviet Socialist Republics in 1987. Distribution of natural gas in Turkey from
1987 to 2003 has been performed in only a few cities and conducted under the authority of those
municipalities. After 2003, the authority of the distribution of natural gas has given to the private sector
companies. The number of cities performing natural gas distribution has increased to 72 since 2015.

A natural gas distribution system consists of four main processes which are tightly related to each
other. These processes are described as given below:

e Construction: Related to the construction of pipeline through the city.

e Operating: Includes periodical control, maintenance, repairing the constructed network, and

testing the gas-filled network.

¢ Internal Installations: Responsible for the construction, control, maintenance, repairing and gas

supply operations for in-building gas installations.

e Customer Services: Deal with the general operations such as billing, customer satisfaction, cut

off and supply gas, terminating the contract and gas metering.

The distribution company which carries out the above mentioned services is liable to build up,
manage and continuously improve the system by the laws. The main purpose of the system is to supply
gas to the consumers continuously and safely. All activities which are performed for this purpose are
supported by the laws and regulations very strongly.

In this study, six different customer-related operations of the distribution system are considered.
Effectiveness of these operations is important for sustainability of the customer satisfaction and low
operating costs. These operations are given in Table 1.

Table 1. Field operations studied in the study
No | Operation Name Group Definition

In the case of a subscriber change in a certain address, the
O1 | Installation Control Gl instalment is tested and made available for the new customer for
safely using.

Dismounting the natural gas meter due to various reasons

2 i i 1
02 | Meter Dismounting © (Illegal use, repair and calibration etc.)

O3 | Meter Mounting Gl Mounting the natural gas meter which was dismounted before.
Cut Off the Gas If a customer in a certain address terminates the contract, the ga
04 | Due To Contract Gy , ccusomert ! 58 terminates the contracl, the gas
o is cut off.
Termination
I ’ h ill th hich i
Cut Off the Gas fa Cu_stomer doesn’t pay.t e debt till the cliue dat.e which is
05 G2 determined by the regulations, the contract is terminated and
Due To Debt .
the gas is cut off.
06 Supply the Gas 2 If a customer, whose natural gas meter was cut off, pays the debt
After Payment the gas is re-supplied.

It's known that a major part of customer complaints about the natural gas services are directly
related to these operations. The distribution companies want to reduce these complaints by trying to
operate these processes faster. But this situation requires more workers (mobile teams) performing these
operations and increases operation costs. The main purpose of this study is to propose a solution
methodology to perform these field operations in time which is determined by the laws and regulations
with minimum number of mobile teams. For this purpose, mathematical formulations have been
developed for planning the customer services and workload assignments of the mobile teams, and
applied on one of the authorized natural gas distribution company of Turkey.

The solution methodology includes two main steps. In the first step, the neighborhoods of the city
which are provided services by the company are grouped into a number of districts. In the second step,
service plan of the mobile teams to the neighborhoods which are grouped into districts are determined.
In both steps, the Mixed Integer Programming (MIP) formulations have been used. In the first step, the
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problem is considered as district design problem and presented a new MIP formulation considering
both spatial contiguity and compactness features which fills an important gap in this area. After that, for
each district a multiple travelling salesman problem is described and solved using a MIP formulation
from the literature.

The remainder of the paper is structured as follows: Section 2 presents an analysis of the current
system and Section 3 shows the problem definition and MIP formulations for both steps. Experimental
results are given in Section 4 and concluding remarks are presented in Section 5.

ANALYSIS OF THE CURRENT SYSTEM AND SUGGESTIONS

Operations of distribution system services are separated into two groups, namely G1 and G2 (see
Table 1), and these groups are assigned to two different mobile teams, namely E1 and E2. Installation
control and mounting meters and dismounting meters operations are in the group of G1 and these
operations are carried out by E1 mobile teams. Gas cut off and gas supply operations are in the group of
G2 and these operations are carried out by the E2 mobile teams. Company managers believe that such a
grouping makes easy to manage the operations and mobile teams.

In the current system, approximately 98% of E1 operations are installation controls. Company
managers want to control the instalment in 3 working days after contract. For this purpose, 136
neighbourhoods in the city which are served by the company grouped into 3 districts considering
workload and proximity. E1 mobile teams control the installation for two days of the week in each
district. For G2 operations, there is no constraint about the districts in a working day. These operations
are executed in accordance with the work orders. All of the mobile teams” workloads and routes to be
followed are empirically determined. The company works in 6 days, except Sunday.

At the end of each day, following steps are examined to determine the next day’s mobile team
workloads,

i.  Demands of customers are collected for each district.
ii. =~ G2 operations for each district and all operations including last two days in the districts which
will be operated next day are determined.
iii. =~ The number of mobile teams, workloads and routes for each mobile team are determined using
digital maps and empirical data.
iv.  The plans are printed to give to the mobile teams at the beginning of the next day.

Note that, the customers of each district are served in two days of the week for G2 operations.
Therefore, in Step-ii the demands for the other days are accumulated and served their service days. For
example, districts D1, D2 and D3 are served in Monday-Thursday, Tuesday-Friday and Wednesday-
Saturday, respectively. At the end of Wednesday, demands of the district D1 for G1 operations which
are received in Monday, Tuesday and Wednesday are accumulated and served in Thursday that is the
service day of the district D1. Mobile teams have a flexible working time depends on the workloads
which starts at 9:00 am and ends at 5:30 pm.

In the current system, city is grouped into 3 districts considering closeness neighbourhoods from
each other. The number of neighbourhoods and their workloads (average number of operations) in each
district are shown in Table 2.

Table 2. Workloads in each district

Districts | Number of neighbourhoods Average workload
District 1 72 4,850
District 2 37 4,702
District 3 27 5,830

Totally, there are 123,777 natural gas subscribers in the neighborhoods which consume natural gas.
The number of subscribers varies between 157 and 12,376 depends on the size and development of the
neighborhood. The difference in the number of the subscribers affects the amount of demand.
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The new system should be designed considering the following weaknesses of the current system,
legislation constraints and policies, and expectations of company managers.

Empirically determined workloads and routes cause several problems such as load deviation
between mobile teams, high routing costs etc. Moreover, mobile teams may change the routes according
to their own empirical data and may use their new routes. So these changes may cause deviations on the
time which is informed to the customer about starting the processes. If the time changes, the mobile
teams will arrive the customers early or late. Early arrive causes that some customers are not at home
and teams have to wait for the customers or revisit the customer later. On the other hand, lateness causes
customer dissatisfaction, since they maybe are no home too. Therefore, it is suggested that determination
of districts, assignments of workloads to the mobile teams and defining of corresponding routes should
be determined using specific solution methodologies and should not be changed through the day.

Mobile teams are divided into two groups. The first group (E1) carries out the operations in Gl
group (i.e. installation control, mounting and dismounting gas meters) and the second group (E2) carries
out the operations in G2 group (i.e. cut off and supply of gas). E1 mobile teams consist of technicians but
E2 mobile teams are not qualified for the operations in G1 group. This grouping requires more mobile
teams, investment (purchasing new vehicles) and operational costs (routing cost including fuel cost). In
the proposed system, it is suggested that one type of mobile teams will be assigned to all operations
instead of two different types of mobile teams.

Grouping the neighbourhoods into three districts and each district’s installation control (O1)
operations for two days of the week are continued in the proposed system. However neighbourhoods
will be re-grouped by smoothing workload distributions. O1, O3, O4 and O6 operations will be
performed in 6 days, except Sunday. O2 and O5 operations will be performed in weekdays. Mobile
teams have to drive away from the company at 08.30 and drive back to the company at 5:30 pm.
Workloads and routings of the each mobile team have to be determined by the minimizing total number
of mobile teams.

DEFINITION OF THE PROBLEMS FOR THE NEW SYSTEM

In this section we define the problem that determining the number of mobile teams and related
routes under the restrictions given in previous section with minimum cost. To achieve this goal, we
divide the problem into two sub-problems which are described in detail as given in the following
subsections.

Districting Problem

In the literature, the problem of dividing a district into smaller sub-districts and assignment of
neighborhoods into these sub-districts by minimizing the population difference among the sub-districts
is called Political Districting Problem (PDP). Some of the application areas of PDP in practice can be
found in electoral district design, sales territory design, power meter reading, designing the local
authority services such as street sweeping, garbage collection etc. (Tasnadi, 2011; Ricca et al., 2013) The
PDP is formally defined as follows.

Let G = (N,E) be a connected graph where N =1..n is the set of nodes (neighborhoods) and
E ={(i,)):i,j € N} is the set of edges that represent connectivity of neighborhoods i.e. there is an arc
between two neighborhoods sharing at least one common border. Various attributes are associated with
each node j € N summarized as given below:

e geographical coordinates of the center of the districts (X, ;)
e geographical coordinates of the boundaries of the districts (i.e.Northernmost,
Southernmost, Westernmost, Easternmost points as Nj, Sj, Wj, E]-)

e area, perimeter, number of dwelling in the districts (4;, Per;, D;)
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The PDP is to determine the predefined number of groups (ND) of neighborhoods (or territories,
counties, townships) that minimizes some given measures such as population balance (all districts
should have nearly the same populations) and/or compactness (each district closely and neatly packed
together, thus a round-shaped district is deemed to be acceptable, while an octopus-or an eel-like one is
not) under following restrictions:

e Integrity: Each neighborhood cannot be split between two or more districts.

e Contiguity: The neighborhood units of each district should be geographically contiguous, that
is, one can walk from any point in the district to any other point of it without ever leaving the
district.

PDP has been studied for 50 years and numerous solution techniques have been developed for
solving the problem. We refer the interested readers for the solution techniques to the review papers of
Dugque et al. (2007), Tasnadi (2011) and Ricca et al. (2013). We also refer to the Song et al. (2013) for the
variety of common measures of urban land use mix.

Because of the computational complexity of the PDP, classical heuristic approaches and meta-
heuristic approaches have been successfully implemented to the problem. Ricca and Simone (2008) have
developed four different meta-heuristic techniques (namely Multistart Descent Search, Tabu Search,
Simulated Annealing, and Old Bachelor Acceptance) and evaluated the performance of the algorithms
on five Italian Regions where the number of the districts varies from 246 to 1208. Bozkaya et al. (2011)
have proposed a decision support system including multi-criteria mathematical model, tabu search and
geographical information system to design the electoral district design for the city of Edmonton. Royuela
and Duque (2013) have considered the identification of housing market segmentation and proposed a
spatially constrained clustering heuristic for the problem. This heuristic includes the problem specific
initial solution construction procedure and tabu search as a local search procedure. The heuristic is
applied to the housing market in the city of Barcelona (Spain).

In addition to heuristic methods, there is a considerable amount of paper using a mathematical
modelling approach as a solution method for the PDP in the literature. These models can be grouped
following modelling approaches;

Location approach: These papers consider the PDP as a warehouse location-allocation problem
(WLAP) and use the modelling approaches for the WLAP to develop the model for the PDP (Weaver
and Hess, 1963; Hess et al., 1965; George et al., 1997; Salazar-Aguilar et al., 2011b; Salazar-Aguilar et al.,
2012; Rios-Mercado and Loépez-Pérez, 2013; Salazar-Aguilar et al., 2013). In these models, predefined
number of districts is selected as the center of the territories and other districts are assigned to these
territories.

Set Partitioning Approach: In this approach, feasible combinations of districts are determined and
some of them are selected using set partitioning formulation (Garfinkel and Nemhauser, 1970; Nygreen,
1988; Mehrotra et al, 1998). The main difficulty for this approach is to determine the feasible
combination of districts since the number of them can be huge. Therefore, the solution time of the
methodology is considerably high.

Network Flow Approach: The PDP is converted to network flow problem by extending the current
graph (Nemoto and Hotta, 2003). Then, the problem is reformulated using standard network flow
models and solved using commercial optimization software. Although, there is no experimental result
provided by the authors (Nemoto and Hotta, 2003), it can be easily observed that the network extension
is a major weakness in this approach.

Quadratic Modelling Approach: Li et al. (2007) have proposed a quadratic model for the PDP by
considering population equality and compactness. The authors applied the formulation for the design of
the congressional districts of the State of New York having 62 territories and 29 districts. Salazar-Aguilar
et al. (2011a) have developed another quadratic model for the PDP. The authors have also proposed
new valid inequalities to strength the model and a branch-and-cut procedure to obtain optimal
solutions. Experimental results have shown that the solution time of the algorithm is significantly lower
than other models especially for the larger instances.
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In PDP, one of the main difficulties is determination of a compact shape of districts (compactness).
In most of the papers, the authors consider the distance between centers of districts (d;;: i,j € N), and try
to minimize the sum of the distances between district pairs (Salazar-Aguilar et al.,, 2011b; Salazar-
Aguilar et al., 2012; Rios-Mercado and Loépez-Pérez, 2013; Salazar-Aguilar et al., 2013) or minimize the
maximum distance between district pairs (Salazar-Aguilar et al., 2011b; Salazar-Aguilar et al., 2012; Rios-
Mercado and Lopez-Pérez, 2013; Salazar-Aguilar et al., 2013). However, there is some deficiency for this
approach. Consider the neighborhood in city as illustrated in Figure 1.

37.914010

¢

Figure 1. A sample neighborhood in city

The shape of this district is amorphous and determining the center point of the district (X;,Y;) is
difficult, therefore the miscalculation of distance between districts is possible. In order to eliminate this
deficiency, we developed a new calculation scheme for compactness as the difference between
Northernmost (N,) and Southernmost (S,) coordinates (i.e. latitudes) and Westernmost (W) and
Easternmost (E,) coordinates (i.e. longitudes).

To define the model, we first expand the graph with only one node (base location of the company) as
follows: Let G = (N, E) be a connected graph where N = {0} U N is the set of nodes in which “0” and N
represent the base location of the company and neighborhoods, respectively, and E = {(i,j):i,j € N} is
the set of edges represent connectivity of neighborhoods. The edge set E is composed of the original
edge set (E) and edges connecting the base location and all neighbors (E = E U ey; U €y, U ... U egy).

The decision variables and the proposed formulation which is inspired by a flow based formulation
for the location routing problem (Karaoglan et al., 2012) are as follows:

Decision Variables:
v = {1 if a neighbourhood unit i directly connected to unit j (V(i,j) € E)
Y0 otherwise
1 if neighourhood unit i is assigned to districtq (i =1..N; g =1..ND)
{O otherwise

Ziq



484 G. C. ATASAGUN, E. AKHUSEYIN, Y. KARA, I. KARAOGLAN

Fy; : Temporary variable to control the workload-balance among districts (V(i, j) € E)
N, : The northernmost coordinate of neighborhood units which are assigned to district g (q =
1..ND)
S, : The southernmost coordinate of neighborhood units which are assigned to district g (g =
1..ND)
E, :The easternmost coordinate of neighborhood units which are assigned to district g (¢ = 1..ND)
W, : The westernmost coordinate of neighbourhood units which are assigned to district g4 (q =
1..ND)
The formulation of the mathematical model as follows:
Model:
Minimize Zy = maxgj=1.. y)(Fo;) (1)
Minimize Z, = max(g-s...vpy ((Ng = Sg) + (Eq = W,)) @)
Subject To:
"1 %j = ND ()
Noxy =1 j=1..N (4)
YiLoFy — XL Fi=D; j=1..N 5)
Fy; < Mx;; i,j=0..N (6)
?’=1 Foj = Z?I:l D; @)
YNz =1 i=1..N (8)
Xij + Zig + Xpzq Zip < 2 i,j=1..N;q=1..ND 9)
Xoi + Xoj + Zig + 2jg <3 i,j=1..N;q=1..ND (10)
N;— N, <(1-z4)M i=1..N;q=1..ND (11)
S;=Si<(1-zy)M i=1..N;q=1..ND (12)
E—E, <(1-z4)M i=1..N;q=1..ND (13)
W, —W; < (1—z4)M i=1..N;q=1..ND (14)
x;; € {0,1} i,j=1..N (15)
24 € {0,1} i=1..N;qg=1..ND (16)
Ng,Sq.Wa, Eq =2 0 q=1..ND (17)
Fy =0 i,j=1..N (18)

where M is relatively large number and x;; is set to zero when (i, /) € E. The first objective function
(1) minimizes the maximum workloads among districts. Similarly, the second objective function (2)
minimizes the maximum compactness measure which is calculated as the sum of the differences
between northernmost/southernmost and easternmost/westernmost coordinates.

Constraint (3) ensures that the number of districts must be equal to the predefined number of
districts. Constraint set (4) ensures that each neighborhood unit is associated with depot or another
neighborhood unit.

Constraint sets (5)-(7) are flow conservation constraints and define the workload of districts.
Constraint set (5) guaranties that the difference between incoming and outgoing arcs is equal to the
workload (number of dwelling) for each district. The role of the constraint set (6) is to eliminate the
positive flow on unselected connections, and constraint (7) ensures the outgoing workload from the base
location is equal to the total workload.

Constraint sets (8)-(10) organize the assignment of nodes and feasible connectivity of districts. Each
node must be assigned to one and only one district by constraint set (8). While, constraint set (9) implies
that two neighborhood units are assigned to the same district when they are connected, constraint set
(10) ensures that the two different neighborhood units leaving from the depot as different branches are
not assigned to the same district.

Constraint sets (11)-(14) evaluate the endpoint of the districts for each direction (i.e. north, south,
west and east) for each district.
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Finally, constraint sets (15)-(18) are known as integrality constraints which define the nature of the
decision variables.

As can be seen easily, because of the maxi-min structure objective functions (1) and (2) the model is
non-linear. In order to linearize the model, the following additional variables and constraints are
included:

Additional Decision Variables:
MF  : Maximum workload amongst districts
MC : Maximum compactness amongst districts

Model:

Minimize Z; = MF (19)
Minimize Z, = MC (20)
Subject To (3)-(18) and

MF < Fy, j=1..N (21)
MC < (Ng—Sg) + (E, — W) q=1..ND (22)
MF,MC =0 (23)

The model has a multi objective structure and several solution methodologies can be used to solve it
(i.e. sequential solution, normalization of objective functions to a single one). In this paper we solved this
model in two stages. At the first stage, the model was solved by minimizing the maximum workloads
among districts (i.e. equation (19)). At the second stage, a new constraint is added to the model using the
optimal solution of the first stage (Z7) as given below;

09Z; < MF <1.1Z; j=1..N (24)

Constraint (24) gives flexibility for the maximum workload to obtain more compact districts.

The network representation of the case study can be found in Figure 2. In this sample includes 17
neighborhood having demand (number of operation for the particular day) between 5 and 30 (the
number in brackets). The solution gives us there are three districts whose total demands are F,; = 65,
Fy7, = 85 and Fy 14, = 80, respectively.

Figure 2. The network representation for a sample problem
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Route Planning Model

The problem of assigning daily operations to mobile teams with the objective of minimizing the
number of mobile teams and defining the routes of teams corresponds to "travelling salesman problem
with side constraints” in the literature. The proposed model for route planning of mobile teams is
developed based on the model presented by Kara and Bektas (2006). The proposed model is given
below:

Indices:

N : number of nodes

i,j : neighborhood unit

Parameters:

P; : processing time of neighbourhood unit i

T : workday length

tijj  :transition time from neighborhood unit i to neighbourhood j

Decision Variables:

Yy = {1 if any vehicle travels directly from neighbourhood unit i to j
Yo otherwise
K; : time to start task at neighborhood unit i
m : total number of mobile team
Model:
Minimize Z = $1L, X3, ti; yij (25)
Z?’:l Yoj =M (26)
i =m 27)
Z?’:lyij =1 i=1,..,N (28)
Liyvij=1 i=1,..,.N (29)
Ki =K+ Ty + (T = (P4 B+t + )y ST — (P +ty5) ij=1,.,N (30)
toi <K, <T—(tp+P) i=1,..,N (31)
yij € {0,1} i,j=1,..,N (32)
m=0 (33)

The objective function (25) minimizes the total time. Constraint sets (26) and (27) identify the
number of mobile team leaving and entering from the base location. Constraint sets (28) and (29) ensure
that the numbers of entering and leaving arcs to each neighborhood units are one. Constraint sets (30)
and (31) are called as subtour elimination and time constraint. Finally, constraint sets (32) and (33) are
integrality constraints.

The first four constraints define the number of mobile teams and ensure that each neighborhood unit
is visited once. The remaining constraints are known as Miller-Tucker-Zemlin subtour elimination
constraints in the literature (Miller et al., 1960).

The proposed mathematical models are the main novelty and contribution of this study for the
literature. Although the models are proposed based on the necessity of the natural gas industry, they can
easily be applied to other industries such as electricity distribution, water distribution,
telecommunication, etc.

COMPUTATIONAL RESULTS

This section presents our computational results to investigate the performance of the proposed
formulation. The state-of-the-art LP/MIP solver CPLEX (version 10.2) is used to solve the MIP
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formulation. We used the default CPLEX parameters to solve the formulation, and the total computation
time for CPLEX has been limited to one hour (3600 s). All experiments were performed on computer
equipped with 2.4 GHz and 2 GB memory.

The current system and proposed system are compared with workload balance and number of
mobile teams required. For these systems, the number of neighbourhood units and number of
workloads are shown in Table 3 and graphical representation can be found in Figure 3.

Table 3. Number of Neighborhood Units and Workloads

Current system Proposed system
District Number of Average District Number of Average
neighborhood units workload neighborhood units workload
1 72 4,850 16 4,227
2 37 4,702 66 5,590
3 27 5,830 54 5,565

Figure 3. Comparison of current and proposed systems

According to these results the maximum workload is found as 5,590 while it was 5,830 for the
current system. The required number of mobile teams is also compared with the current and proposed
system and the results are shown in Table 4. According to the required number of mobile teams, current
system needs to 1,035 teamsxmonth while for the proposed system it is identified as 639 teamsxmonth.
These results show that the proposed system requires less workforces than the current system requires.
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Table 4. Comparison of the number of mobile teams required (teamsxmonth)

Current system Proposed system
January 80 42
February 65 42
March 104 57
April 100 58
May 87 49
June 83 53
July 73 46
August 76 49
September 90 63
October 91 67
November 94 58
December 91 55
Total 1,035 639

CONCLUSIONS

In this study, we proposed new mathematical models for the workload balance and route planning
of mobile teams under the time constraints which is identified by the law and regulations about the
customer services in natural gas system. The proposed system is implemented on a natural gas
distribution company in Turkey.

Solution of the problem is performed in two stages. At the first stage, 136 neighborhood units which
are served by the company are grouped into three districts. The proposed mathematical models fill an
important gap in the literature with regard to compactness and smoothness. The second stage is related
to assigning mobile teams to districts to planning services using the mathematical model of multiple
travelling salesman problem.

The computational results show that the proposed system is well suited for the real-life usage. The
computational effort, compared with the current system by means of the number of mobile teams,
determining the districts and number of workloads. The computational results show that the number of
mobile teams of proposed system is 37% lower than the current system.
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OZ: Yenilenebilir enerji kaynaklar1 diinyadaki enerji ihtiyacini kargilayamadigindan, giiniimiizde fosil
yakitlar enerji tiretiminin ana unsuru olmaya devam etmektedir. Diinyadaki elektrik enerjisinin % 41’1
komiirden elde edilmektedir. Gelecek yilarda da komiiriin enerji {iretiminde liderligini devam ettirecegi
on goriilmektedir. Ulkelerin enerji ihtiyacim karsilamak icin komiire olan bu biiyiik talep sebebiyle,
dretim kapasitesinin artirilmasinda etkili yontemlerden olan tam mekanize kazi sistemleri
yayginlasmistir. Maden mekanizasyon ve otomasyon sistemleri, cevher iiretimlerinin artmasina, birim
iiretim maliyetlerinin diismesine ve is giivenligine onemli katkilar saglamaktadir. Yeralt1 mekanize
komiir madenciliginde, tamburlu kesici-yiikleyiciler ile sabanlar giiniimiizde siklikla tercih edilen
makinalardir. Kalin damarli komiir madenleri diinyada titkenmeye basladigindan dolayi, ince damarl
komiir madenlerinin onemi artmaya baslamistir. Bu nedenle ince komiir damarlarinin {iretiminde
sabanlarin rolii artmustir ve artmaya devam edecektir. Giiniimiizde sabanlarin kullanim alanlary, tipleri
ve secim kriterleri ile ilgili calismalarin ¢ok az oldugu tespit edilmistir. Literatiirdeki bu eksikligin
giderilmesi amaciyla bu c¢alismamn olusturulmas: amaglamistir. Ayrica iilkemizdeki ince komiir
damarlarinin mekanize bir sekilde tiretilebilecegi konusunda farkindalik olusturmak diger bir hedeftir.
Bu calismada, komiiriin {ilkemiz i¢in 6nemi vurgulanarak komiiriin enerjide kullanimu ile ilgili bazi
istatistikler verilmistir. Ilk olarak komiir kazisinda kullanilan sabanlarin tarihsel gelisimi anlatilmistir.
Daha sonra, sabanlarin kullanim alanlari, tamburlu kesiciler ile farklari, diinyadaki saban tiretici firmalar
ve sabanlar1 hakkinda teknik bilgiler verilmistir. Son olarak, iilkemizde sabanlarin kullanim durumu
hakkinda degerlendirmeler yapilmistir.

Anahtar Kelimeler: Komiir kazisi, Kémiir sabani, Mekanize kazi

Importance and Selection Criteria of Plows Used in Coal Mining

ABSTRACT: Since renewable energy sources cannot supply the world's energy needs, fossil fuels are
still the main energy source nowadays. 41% of the world’s electric production is obtained from coal.
There is no doubt that coal will not lose its leadership in energy production in the coming years. Because
of this great demand, which is now an elimination for the energy needs of the countries, full-scale
excavation systems are getting widespread. In addition, mine mechanization and automation systems
have contributed to increasing ore production, thus reducing unit production costs and improving work
safety. Today, drum shearers and plows are preferred machines in underground-mechanized coal
mining. Since thick seam coal mines are going to run out, coal mining will soon return to thin seam
mining. For this reason, the role of plows in the production of thin coal seams will increase gradually. In
this study, the historical development of the plows used in coal excavation was first explained. Later,
information was given on the usage areas of plows, differences compared to drum cutters and producer
companies and their plows in the world. Finally, assessments were made on the use of plows in our
country.

Key Words: Coal excavation, Coal plow, Mechanized excavation
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GIRIS INTRODUCTION)

Gec¢misten giiniimiize kadar yeralt: ve yeriistiinde yapilan kazilarda degisik metotlar uygulanmustir.
Glinlimiizde artan niifusa paralel olarak talep artmis ve bu talepleri karsilamak icin ¢ok yiiksek
miktarlarda yeralt1 zenginlik kaynaklarinin tiretilmesi giindeme gelmistir. Yiiksek miktarlarda cevher
iiretmek i¢in daha etkin ve teknolojik bir yontem olan mekanize kaziya dogru bir egilim bulunmaktadir.
Mekanize kazinin diger kaz1 tiirlerine gore bir¢ok avantajlari olmasindan dolayi, mekanik kaziya uygun
maden isletmeleri mekanizasyona yonelmektedirler. Yiiksek yatirimlar gerektiren madencilik
sektoriinde, en uygun verimlilik diizeyini yakalamak ve isletme maliyetlerini diisiirmek icin hazirhik ve
tiretim gibi madenciligin her asamasinda teknolojik gelismelere paralel olarak, makina ile kazi
kagimilmaz hale gelmistir.

Diinyada fosil kokenli yakitlar, ozellikle de komiir, hem enerji iiretiminde hem de demir-celik
endiistrisinde halen vazgecilmez bir enerji ¢esidi olarak kullanilmaya devam etmektedir. Ulkemizde son
yillarda komiire verilen 6nem artmistir, dolayisiyla hem iiretim miktarlarinda hem de kdmiir arama
sondajlarinda 6nemli bir artis gozlenmektedir. Komiir kisa vadede iilkemizin enerji ihtiyacinin
karsilanmasinda ve enerjide disa bagimliligimizin azaltilmasinda vazgecilmez bir enerji tiirii olmaya
devam edecektir. Sekil 1'de goriildiigii gibi, giinlimiizde diinya elektrik enerjisi {iretiminin %41’i
komiirden karsilanmaktadir (IEA, 2015). Diinya geneline baktigimizda gelismis tilkelerde de bile kdmdiir
halen vazgecilmez bir enerji tiirtidiir (Sekil 2). Ayrica 2040 yilina kadar kdmiiriin diinyada kullaniminin
artarak devam edecegi tahmin edilmektedir (EIA, 2016). Ulkemiz komiirden elektrik enerjisi {iretiminde
diinya siralamasina gore istenilen konumda degidir. (Sekil 2). Bu nedenle, komiir yakith termik
santrallerin hizla artirilmas1 konusunda arastirmalar ve caligmalar yapilmahdir. Son yillarda da bu
yonde ok giizel atilimlar yapilmaktadir. Ulke olarak hedefimiz, kémiirden elektrik iiretiminde ilk on
arasinda bulunmak olmalidir.

Diger% 3.7 \ Biyoyakit ve ¢cop% 2
Fuel O, oo

% 4.4 '_
N

Nukleer
%10.6

Sekil 1. Diinyadaki elektrik enerjisi {iretiminin kaynak tiirlerine gore dagilimi (IEA, 2015)

Figure 1. Distribution of electricity energy production in the world according to source types
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Sekil 2. Diinyada komiirden elektrik enerjisi iireten tilkelerin siralamasi (IEA, 2015)
Figure 2. Ranking of the countries that produce electricity from coal in the World

Ulkemizde kullarulan dogal gazin % 99'u ithal edilmektedir (Dogal gaz Piyasasi Sektdr Raporu,

2014). Ulkemizin elektrik {iretiminin biiyiik bir kismi bu ithal edilen enerji ¢esidinden saglanmaktadir.
Bu sorun nedeniyle dogal gazdan elektrik {iretimini azaltarak, kendi 6z kaynaklarimizdan bu ihtiyacin
karsilanmasina ve disa bagimliligin azaltilmasina ¢alisilmalidir.
Ulkemizde Eyliil 2015 verilerine gre % 41 olan dogal gazdan elektrik iiretim orani, Nisan 2017 ‘de %
33’e diismiistiir (Karakis 2015; Demirtas, 2017). Goriildiigii gibi son 1,5 yilda % 8 civarinda bir azalma
olmustur. Bu durum enerji ithalatimizin azaltilmasi igin iyi bir hamledir. Fakat iilkemizin enerjide
yurtdisina bagimlilig: yiiksek seviyelerdedir. Enerjide disa bagimliligin yiiksek olmasi enerji pazarinda
glivenilirlik ve fiyat istikrar1 bakimindan endiseleri beraberinde getirmekte, cari agigin artmasina neden
olmaktadir. Bu nedenlerden dolayr {ilkemizin yerli kaynaklarimin daha genis bicimde
degerlendirilmesinin saglanmasi 6zellikle de komiirden enerji {iretimine 6nem verilmesi gerekmektedir
(Bilim, 2016; Kekeg ve Bilim, 2014).

Diinyada sanayilesmenin ve niifusun artmasina paralel olarak enerjiye olan ihtiya¢ da artmistir ve
artmaya da devam etmektedir. Sanayilesmeyle birlikte komiire karsi biiyiik bir talep olusmustur.
Komiire olan bu ihtiyacin karsilanabilmesi ic¢in insan glicliniin esas alindig1 iiretim sekillerinden,
makinalarin aktif rol alacag: iiretim tiplerine dogru bir kayma olmustur. Giiniimiizde madenlerde
mekanizasyonun hatta otomasyonun kullanimi hizli bir sekilde artmaktadir. Maden mekanizasyonun
bugiinkii duruma gelmesi komiir madenciligi sayesinde olmustur. Ge¢miste oldugu gibi giiniimiizde de
onemli bir enerji kaynagi olan komiiriin yiiksek miktarlarda iiretilebilmesi ve birim maliyetinin diigiik
olmasimin saglanabilmesi icin mekanize kaziya ge¢gmek kaginilmaz olmustur. Komiir madenciligi igin
gelistirilen sistemler daha sonralar1 diger cevher ve tiinel ¢alismalarina da 6n ayak olmustur.

Yeralt1 maden isletmeciliinde tam mekanize iiretim sistemlerinin uygulamalar1 giin gectikce
artmaktadir. Kazi araci olarak saban veya tamburlu kesici-yiikleyiciler, tahkimat olarak kalkan (sild) tipi
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ylirityen tahkimatlar, nakliyat araci olarak zincirli ve banth konveyorler, yeralti madenciliginde etkin ve
verimli olarak kullanilmaktadir.

Son yillarda mekanize kazi makinalarinin metro, insaat, tiinel ve maden sektorlerinde kullanimi
iilkemizde yayginlasmaktadir. Bu makinalar kazma ve yiikleme islemlerini ayn: anda yapabilme
Ozelliklerine sahiptirler. Bu oOzelliklerinden dolay1 bir vardiyadaki iiretim kapasitesi hem yiiksek
olmakta, hem de isglicii ihtiyaci az olmaktadir. Bunun gibi bir¢ok avantaji nedeniyle tiim diinyada
oldugu gibi iilkemizde de Ozellikle yeralti komiir isletmelerinde bu makinalarla {iretim yapilmaya
baslanmuistir.

KOMUR MADENCILIGINDE MEKANIZE KAZI (MECHANIZED EXCAVATION IN MINING)

Yeralt1 madenciligi ilk olarak insan giiciine dayal olarak baslamis, daha sonra delme-patlatma ve
martopikor kullamilmaya baglanmustir. 20. yiizyilin basinda sanayi devrimi ile komdiire olan ihtiyag
artmistir. Uzun ayak yontemi ile komiir iiretiminde kapasite artirmak amaciyla yapilan mekanik kazi
calismalar1 ile potkabag, saban ve tamburlu kesici-yiikleyiciler gelistirilmistir. Kazi islemlerinin
makinalar ile yapilmasi sonucunda biiyiik miktarlarda {iretim imkam saglanmis olup, c¢alisan isci
sayisinda da azalma saglanmistir (Bilim, 2007).

Yirminci yiizyilin baslarinda ilk olarak tiretimde kullanmak iizere potkapag makinalar
kullanilmaya baslanmistir. 1950’li yillarin basinda saban ve tamburlu kesici makinalar {iretimde
kullanilmaya baslanmis boylece iiretimde artis gozlenmistir (Altindag ve Giiney, 1994).

Uzun ayak komiir madenciliginde tamburlu kesici-yiikleyici makinalar ile sabanlar giiniimiizde
siklikla tercih edilen makinalardir. Her iki makine ile {iretilen cevherin tasinmasi igin zincirli konveyor
ve tavanin durayliligini saglamak icin de yiiriiyen tahkimatlar kullanilmaktadir. Bu iki makine arasinda
se¢im yapmak igin bir¢ok faktdr devreye girer. Bu faktorlerden onemlileri; cevherin fiziko-mekanik,
petrografik ve mineralojik 6zellikleri, tavan ve taban tasinin durumu, ayak egimi, ondiilasyonlar, faylar,
damar kalinlig1 seklindedir (Myszkowski ve Paschedag, 2008; Beitler ve dig., 2013).

Ko6miir Sabaninin Tarihsel Gelisimi (Historical Development of Coal Plow)

Mekanize kazi sistemleri gelisimini komiir madenciligine borgludur. Mekanize kaz1 sistemleri 19.
ylizyilda kémiir {iretiminde kullanilmasiyla baglamistir. 1930'Tu yillarin ortalarinda potkabag makinesi
ile kazilan kdmiiriin yiiklenmesi denemeleri yapilmistir. Kazi arininda boydan boya potkabag gekilerek
daha sonra kazilmasi yerine arin boyunca kazi yapma diisiincesi, komiir sabaninin bulunmasina neden
olmustur. Kesici uglara sahip bir makinenin arin boyunca cekilerek kazi yapilmas1 diisiincesi ile de
komiir sabam gelistirilmistir.

Komiir sabanlar1 1990’11 yillarda Avrupa’da ince kdmiir damarlarinin iiretiminde ¢ok ekonomik bir
teknoloji olarak bilinmektedir. Ancak, kalin damarli kdmiir iiretim madenciligine gecis ile birlikte bu
teknoloji 6nemini kaybetmistir. Glintimtiizde ise ince komiir damarlarimin ekonomik olarak {iretilmesi
fikrinin tekrar giindeme gelmesiyle, saban teknolojisinin kullanimina tekrar baslanmistir (Gondek ve
dig, 2011). Sabanlar 1950 ile 1980 yillar1 arasinda Almanya’da komiir madenlerinde ¢ok siklikla
kullanilmistir (Bilgin ver dig., 2014).

Sabanlarin kazi prensibi; iki tahrik {initesi arasinda gerilmis olan zincire (daha onceleri halat) bagh
bir sekilde armn boyunca gidip gelirken damardan ince dilimler siyirmasi esasina dayanir. Klasik tip
cahsmada, sabamin damara batabilmesi icin, yiiriiyen tahkimat {initelerindeki konveyorii Oteleme
silindirlerinin tiimii, kdmiir damarinin kazilabilirligine bagh olarak siirekli olarak ortalama 100 bar
civarindaki bir basing altinda olup, konveydre bagh olan sabami belli bir kuvvetle arina dogru
bastirmaktadir ($Simsir, 1995). Sabanlarin c¢alisma prensibi icatlarindan bu yana pek degisiklik
gostermemistir. Gelismeleri genellikle hizlari, giicleri ve mekanizasyon-otomasyon sistemleri yoniinde
olmustur.
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Komiir sabani bugiinkii seklini alincaya kadar bir¢ok safhalardan ge¢mistir. Komiirii kesmek
amactyla 1912 yilinda “Dilim kesme” (slicing cutting) ismiyle ilk patent alinmistir (Paschedag, 2014).
1937 yilinda, Ibbenbiiren komiir ocaklarinda kémdiirde cift siirer gibi kaz1 yapabilen bir alet, sabanin ilk
asamast olmustur. Ilk uygulamasi, yeraltinda demiryollar igin kullarulan ray demirine kama seklinde
bir kesicinin kaynak yapilarak taban yolundaki lokomotife bagl bir halat ile c¢ekilmesi seklinde
olmustur. Daha sonralari lokomotif yerine ayak basina yerlestirilen bir ving ile halat cekilmeye
baglamistir. Demirin komiir cephesinde ileri geri hareketi esnasinda yaklasik 15 cm genisliginde bir
komiir seridi kesilebilmekteydi. Ancak arma fazla bir yiikk uygulanamamas: kazi genigliginin ve
derinliginin az olmasi en biiyiik sorunlar olmustur. Bu sistemle komiiriin ¢ift stirer gibi kazilabilecegi ilk
kez ispatlanmistir. (Eskikaya, 1969).

Komiir madenlerinde tam mekanizasyona gecis tarihi olarak 1940 kabul edilmektedir Fakat kom{irii
kesen makinalar i¢in alinan patentler daha eski tarihlere dayanmaktadir. Sabanin zincirli olukla birlikte
calistirilmasi mekanize kazida yeni bir ¢1igir agmustir. Zincirli olugun sabana gidaj gorevi gordiigii yavas
saban, 1941’de uygulanmis ve kesme ile oluga yiikleme birlikte yapilmistir. 1941 yilinda komtir sabar
olarak ilk patent alinmigtir. Bu saban Konrad Grebe isimli bir mithendis tarafindan icat edilmistir. Tlk
komiir sabani olarak patenti alinan bu saban, Ibbenbiiren komiir isletmesi atdlyesinde yapilmis ve
kullanilmigtir. Giiniimiizdeki sabanlarla kiyaslandiginda 0,3 m/sn (1,8 m/dk)’Iik i yavag bir hiza ve 2x40
kW gibi kiiciik bir giice sahiptir. Yavas saban olarak adlandirilan bu ekipman daha sonraki yillarda
gelistirilmis ve 1947 yilinda ise, Westfalia Luenen firmasinda c¢alisan Wilhelm L&bbe isimli bir
miihendis, yeraltinda mekanize bir sekilde komdir {iretimi i¢in daha Once icat edilen sabanin modernize
edilmis halini {iretmigtir. Lobbe ayrica yeraltinda sabanla birlikte calisabilecek zincirli konveyorii de
gelistirmis ve bu zincirli konveyorlii mekanize sistem 1942 yilinda Polonya’da kullanilmigtir. Lobbe
sabanin {iretim performansini artirmak icin kesme hizini artirip kesme derinligini diistirme fikrini
dretmistir. Bu amag dogrultusunda, 1949 yilinda Wilhelm Lobbe hizli saban olarak adlandirilan sabani
gelistirmistir. Gelistirilen bu saban, hizli saban adin1 almis ve 1949 yilinda Almanya’daki Friedrich-
Heinrich madeninde kullanilmistir. Bu hizli saban ile giinliik 1000 tonun {izerinde {iretim yapilabilmekte
ve bu saban tipi ile yaklasik 0,4 m/sn ¢ekme hizi ve 5-15 cm arast kesme derinligi elde edilmektedir.
Halat ile ¢ekme yerini 22 mm’lik sonsuz zincire birakmis ve saban zinciri ve konveyor zincirinin
¢ekilmesi ayni motorla yapilmistir.

Wilhelm Lobbe o yillarda basarilariyla iin kazandig: i¢cin Alman hiikiimeti elde etmis oldugu bu
basarilardan dolay1 adina pul bastirmistir. 1980’lerin ortalarma dogru sabanlarin kurulu giigleri 2x250
kW civarlarina, hizlari ise 1,8 m/sn civarlarina yiikselmistir. 1990’lara gelindiginde, kurulu giicleri 2x315
kW yiikselmistir (Paschedag, 2011; Paschedag 2014). Giiniimiizde giigleri 2x800 kW ve hizlar da 3,6
m/sn’lere kadar yiikselmistir.

Saban hizlarinin ve giliclerinin artmas: disinda, gelisimleri ile ilgili 6nemli buluslar ile 1990’lara
kadar karsilasilmamistir. Bu yillarda kesme derinligini otomatik olarak belirleyen saban tiirii icat
edilerek kullanilmaya baslanmistir. Ydiiriiyen tahkimatin silindirlerinde kullanilan darbe sensorleri-
elektromanyetik valfler ve her bir yiiriiyen tahkimat {initesinde bulunan elektronik kontrol {initeleri
sayesinde, daha Oncesi sistemlerin en biiyiik eksikliginin {istesinden gelinmistir. Bu sistem sayesinde,
yliriiyen tahkimat sistemleri tizerindeki elektronik sistemler vasitasiyla kazi derinligi en uygun sekilde
belirlenebilmektedir. Giintimiizde artik yiiksek performans ihtiyaglarina cevap verebilen, kesme
derinligini otomatik ayarlayabilen, ondiilasyonlara uyum saglayabilen, yiiksek egimlerde bile ¢alisabilen
sabanlar kullanilmaya baslanmistir. Sabanlar en ¢ok yeralt1 komiir madenciliginde kullanim alam
bulmus olmasina ragmen, fosfat ve boksit madenciliginde de kullanilmaktadir

Sabanlar1 genellikle Alman firmalar1 gelistirmis olsa da, Japonya, Cek Cumhuriyeti ve Rusya gibi
iilkelerde degisik tip ve modelde sabanlar tiretmislerdir.

Ince damarli kémiirlerin kazanilmasi diisiincesi arttikga, gelecekte uzunayak kdmiir madenciliginde
saban kullarmimi 6nemli bir hale gelecektir. Dolayisiyla saban teknolojileri fazla dikkat ¢cekecektir (Beitler,
2013).
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KOMUR SABANLARI (Coal Plow)

Saban, 6n ve arka kisminda kesici uglar bulunan, taban tasi veya konveyor saci {izerinde kayarak
hareket eden, 368 tona (¢cekme dayanimi 1400 MPa’a kadar ¢ikabilen) kadar dayanabilen bir zincirle
ayak boyunca ileri geri ¢ekilen, siyirma (rende) seklinde kazi prensibi olan ve saatte 3500 ton iiretim
kapasitesine kadar ¢ikabilen, genellikle yeralti komiir madenciliginde tercih edilen bir makinadir. Her
iki ucunda yer alan ana ve yardimai tahrik {initeleri, sabani 30-216 m/dak hizla hareket ettirirler. Kesme
islemi sirasinda saban, ayak konveyoriiniin gogiik tarafina bagh hidrolik silindirlerle arma bastirilir.
Tahrik motorlarindan sisteme verilen giiciin sadece % 30-601 kesme ve yiikleme isinde kullanilmakta,
geri kalani siirtiinmelerin yenilmesinde harcanmaktadir.

Saban ile kazi, yumusak ile orta sert komiirler i¢in daha uygun olmasina karsin, giiniimiizde sert
komiirlerde de saban rahatlikla kullarulabilmektedir. Saglam ara kesmeler ve olasi kiiciik atiml faylar
sabanin c¢alismasimi zorlastirir. Giintimiizde {iretilen sabanlar ile 0,6-2,3 m arasindaki damar
kalinliklarinda, 60° derecelik ayak egimlerinde kazi miimkiindiir. Kesme derinlikleri kayaca ve damara
bagh 6zelliklere gore degismekle birlikte 4-25 cm arasinda degismektedir. 216 m/dak gibi yiiksek hizlara
ve saatte 3500 ton gibi kapasitelere ¢ikabilmektedirler.

Sabanlarin ilk iiretimlerinde sabani ve konveyorii arma dogru bastirmak icin hidrolik pistonlar
kullanilmaktaydi. Teknolojinin ilerlemesi ile birlikte, saban ve buna bagl olan zincirli konveyoriin
arkasinda (gociik tarafinda) yiiriiyen tahkimatlarla desteklenen tam mekanize bir iiretim sistemi
kullanilmaktadir. Bu tahkimat sistemleri ile birlikte kullanilmasi sonucunda hem daha giivenli bir
calisma ortami olusmus, hem de tam mekanize {iretim siirecine gegilmistir. Ayrica bu tahkimatlar
sayesinde arina daha fazla ve diizenli bir baski olusturulmasi neticesinde, daha derin dilimler halinde
kaz1 yapmak da miimkiin olmustur.

Gegmisten gilintimiize sabanlar ile su jetleri ve martopikor gibi makinalarin beraber kullanilmasi
konusunda bazi arastirmalar yapilmistir (Aktas, 1986). Fakat beraber kullanimlarinin getirdigi bazi
zorluklardan dolay1 ¢ok fazla uygulama alan1 bulamamustir.

Sabanli kazinin diger kazi tekniklerine gore bir¢ok avantajlar1 bulunmaktadir. Bu avantajlar
asagidaki gibi 6zetlenebilir.

e Yiiksek damar egimlerinde kolaylikla kullarilabilmesi

e Ince damarlarda kullanilabilmesi

¢ Ondiilasyonlu damarlara uyum saglayabilmesi

e Daha az yatirim gerektirmesi

e Uretilen komiiriin iri parcali olusu

e Daha az toz olusturmasi

¢ Otomasyona uyum saglayabilmesi

e Issaghgi ve giivenligi acisindan avantajli olmast

Komiir sabani ile kazisi uygun olan ince komiir damarlarinda yapilan kazilar, diger mekanize
kazilara kiyasla daha ekonomik olabilmektedir. 1,5-1,7 m damar kalinliklarindaki komiir kazilarinda
ayru sartlarda kiyaslama yapildiginda benzer tam mekanize kazi sistemlerine oranlara maliyetler %19
diisiiktiir (Gondek ve dig., 2011). Gilinlimiizde sabanlar tam mekanize ve otomasyon sistemleri ile
beraber kullanilmaktadir (Sekil 3).
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Sekil 3. Tam mekanize kazi sistemi (Cat.com., 2017)
Figure 3. Fully Mechanized Excavation System

Kazma, yiikleme, tasima ve tahkimat islemlerinin beraber yiiritiildiigii sistemlere uyumlu
olduklarindan dolay: ince ve egimli damarlarda tercih edilmeye baglanmiglardar.

Komiir Sabani Tipleri (Types of Coal Plow)

1990’h yillarin ortalarma dogru diinyada artik yalmizca iki tipte saban {iiretilmeye baglanmustir.
Taban plakasi tizerinde hareket eden koparici saban (Reisshakenhobel) ve konveyoriin {izerindeki gelik
kisim {iizerinde hareket eden kayici saban (Gleithobel). 1956 yilinda koparict sabanin (Reisshakenhobel)
ilk prototipi olan saban Westfalia Luenen ve daha sonra Beien Company tarafindan gelistirilmistir.

1960 yilinda ise taban plakas: iizerinde hareket yerine bir rampa tiizerinde kayan ve kayici saban
(Gleithobel) olarak adlandirilan sabanin prototipi olan saban Westfalia Luenen firmas: tarafindan
iiretilmistir. 1963 yilinda ilk kayici saban iiretilmistir. 1947 yilina kadar sabanlar halat ile gekilirken, 1947
yilindan sonra zincir kullanilmaya baslanmustur.

Koparic1 Saban - Reisshakenhobel (Base Plate Plow)

Koparici sabanin  (Reisshakenhobel) tabam konveyor altinda hareket eden celik bir levhaya
tutturulmustur. Bu ¢elik levha zemindeki esitsizligini diizeltmeyi saglamaktadir. Saglam taban tasinda
ve diisiik dayamimli komdiirlerde uygundur. Gogiik tarafindaki zincirlere ulasim daha kolay oldugu igin
ince damarlarda daha verimlidir (Sekil 4, 5a ve 5b). Genellikle ince komiir damarlar1 ve yumusak
komiirler igin dizayn edilmislerdir. Fakat diger damar kosullarina gore farkli sartlarda da
kullanilabilmektedir.

Koparici sabanin en 6nemli 6zelligi sonsuz zincirin ve saban motorlarinin konveyoriin ayak arkasma
bakan kismina yerlestirilmis olmasidir. Saban gévdesine bagli menteseli bir taban plakasi konveyoriin
altindan gegerek diger kenarda ¢ekme zincirine baglanmaktadir. Cekme ve doniis zincirleri konveyor
kenarina bagh kapali kanallar icinde hareket etmektedir.
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Sekil 4. Koparici saban (Ostroj.cz., 2017),
Figure 4. Base Plate Plow (Ostroj.cz., 2017)

Sekil 5a. Koparici saban (Cat.com., 2017),
Figure 5a. Base Plate Plow (Cat.com., 2017),

Sekil 5b. Koparici saban (mackina-westfalia.com., 2017),
Figure 5b. Base Plate Plow (mackina-westfalia.com., 2017),

Koparici saban sisteminde taban kazi seviyesinin korunmas: daha basarih olurken ayrica az sayida
keski kullanilir. Béylece arina uygulanan kuvvet, izafi olarak daha biiyiik olmaktadir. Koparic1 sabanin
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boyutlar1 diger tiplere gore daha kiiciiktiir. Arin tarafindaki govdesi daha dardir. Béylece daha kiigiik
tahkimatsiz bir alanda kazi yapabilmektedir. Bu nedenle, zayif tavan sartlari i¢in 6nemli bir tstiinliik
saglamaktadir.

Daha ¢ok yumusak ve orta sertlikteki komiir damarlar icin gelistirilmis olan koparici saban 1970’li
yillarda Almanya’da yaygin olarak kullanilmaya baglanmistir. Giiniimiizde daha da gelistirilen bu tip
sabanlar, damar Ozelliklerine gore 0,6 metreden 1,6 metre damar kalinligina ve 60° egime kadar
kullanilabilmektedirler. flerleme hizlar1 2,5 m/sn ve kesme derinlikleri 19 cm’ye kadar ¢ikmistir.

Kayic1 Saban — Gleithobel (Gliding Plow)

Saban govdesine bagli menteseli bir taban plakasi konveyoriin altindan gegerek diger kenarda
¢ekme zincirine baglanmaktadir. Yapilan arastirmalar sonucunda koparici saban sistemlerinde taban ile
konveyor arasinda hareket eden taban plakasmin yiiksek siirtiinme kuvvetlerine neden oldugu, cekme
kuvvetlerinin ¢ogunlugunun bu siirtiinmenin yenilmesinde ve kazilan komiiriin konveyore
yliklenmesinde harcandigini ortaya c¢ikarmistir. Bu sorunlar kayici saban sistemlerinin gelistirilmesi
fikrine neden olmustur. 1960’11 yillarda gelistirilen kayici sabanda taban plakas: kaldirilmis, boylece
siirtiinme igin harcanan kuvvet azaltilarak kesmeye daha fazla kuvvet saglanmis ve daha sert
komiirlerin kesilmesi miimkiin olmustur.

Kayict saban, konveyoriin ayak tarafindaki kisminin {izerindeki egimli gelik pldka iizerinde
kaymakta ve sabami g¢eken zincir bu plaka iginde olusturulan kanallar i¢inde hareket etmektedir.
Ayarlanabilir alt kesici bigaklar ve ayak gerisine bakan kisma yerlestirilmis hidrolik pistonlar sayesinde
taban kazi seviyesi kontrol edilebilmektedir.

Kayict saban (Gleithobel) arin tarafindaki zincir hareketi, ¢elik plakalar {izerinde kayarak hareket
etmesi ve sinirlandirilmis kesme derinligi, dolayisiyla siirtiinme kayiplarimin azalmasi sonucu, tesis
edilen enerjinin daha biiyiik bir kisminin keskilere gelmesine olanak vermektedir. Ayrica saban
gecisinde olugun kalkmamasi gibi avantajlar1 bulunmaktadir. Kayici saban (Gleithobel) siirtiinmeden
dolay1 olusan enerji kayiplarinin daha az olmasi ve dolayisiyla sert formasyonlarda da kullanilabilmesi
nedeniyle, giiniimiizde daha fazla tercih edilen bir saban tiirii olmustur. Buna ragmen giiniimiizde bu
iki tip sabamin da tiretimi halen devam etmektedir.

Kayiaa sabanin yeraltinda sartlara bagh olarak dizaynimn degistirilebilmesi biiyiik avantaj
saglamaktadir. Kesici kafa iizerine ek kesici kafalar eklenerek kesme yiikseklikleri artirilip
azaltilabilmektedir (Sekil 6).

Sekil 6. Kesici kafanin modifiye edilmesi (Cat.com., 2017)
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Figure 6. Modification of the cutting head(Cat.com., 2017)

Bu sistemde konveyoriin altindan kémiir arinina kadar uzanan bir kayma plakasi bulunmaktadir.

Kayici saban sisteminin bazi avantajlar1 asagida sunulmustur.

a) Emniyet ve saglamligi nedeniyle 6zellikle cok egimli damarlar igin avantajli olmaktadar.

b) Belirlenen bir derinlikte kesme yapabilmektedir.

c) Taban kazis1 kontrolii kolaylikla yapilabilmektedir.

e) Taban plakas: celik plaka iizerinde kaydigindan, siirtiinme kuvveti nedeniyle kayip daha az
olmaktadir.

Kayic saban genellikle orta sert ve sert komiir damarlari icin gelistirilmistir. Giintimiizde daha da
gelistirilen bu tip sabanlar, damar 6zelliklerine gore 0,8 metreden 2,3 metre damar kalinhgma ve 60°
egime kadar kullanilabilmektedirler. lerleme hizlar1 3,6 m/sn’ye ve kesme derinlikleri 21 cm’e kadar
akmigtir (Sekil 7 ve 8).

Gelistirilen bu iki sabanin en onemli farklari; kayict sabanda, (Gleithobel) sabani ¢eken zincir arin
tarafinda ve aym zamanda konveyOriin iizerinde hareket etmektedir. Koparic1  sabanda
(Reisshakenhobel) ise sabani g¢eken zincir ve saban motorlar1 gogiik tarafinda olup, saban konveyoriin
altindaki taban plakasi iizerinde hareket etmektedir.

Sekil 7. Kayic1 saban (Zmgs.cn., 2017),
Figure 7. Gliding Plow (Zmgs.cn., 2017),

e
Sekil 8. Kayici saban (Cat.com, 2017),
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Figure 8. Gliding Plow (Cat.com, 2017),
Taban plakal1 kayic1 saban (Kilig tipi), (Gliding Plow with floor plate)

Taban plakali kayic1 saban son yillarda gelistirilmis olup, Gleithobel ve Reisshakenhobel
sistemlerinin 6zellik ve avantajlarimi birlestiren bir sabandir. Bu sistemde konveyoriin altindan kémiir
arinina kadar uzanan bir kayma plakasi bulunmaktadir. Bu kayma plakasinin ucu komdiir arimmna
dayanarak, kayict sabanda oldugu gibi belirli bir derinlikte kesme yapilmasin saglamaktadir. Koparici
sabanda oldugu gibi, saban govdesine bagli bir taban plakasi, konveyor alt1 ile kayma plakas: arasinda
kaymakta olup, sonsuz zincir konveyoriin ayak gerisine bakan kismindaki kanallar iginde hareket
etmektedir (Sekil 9).

Sekil 9. Taban plakali kayici saban (halbach-braun.de, 2017),
Figure 9. Gliding Plow with floor plate(halbach-braun.de, 2017),

KOMUR SABANI SECIMI (SELECTION of COAL PLOW)

Komiir sabanlarinin se¢iminde bir¢ok faktor etkilidir. Ornegin, komiir sertligi, tavan ve taban
sartlari, ayak egimi, ondiilasyonlar, tavan basinci segimde 6nemli rol oynarlar. ince kémiir damarlarinda
tamburlu kesicilere nazaran daha avantajli olmalar1 nedeniyle sabanlar giiniimiizde bir¢ok komdiir
madeninde kullanilmaya baslanmistir (Tang, 2011). Ayrica sabanlar, otomasyon sistemine uyum
saglayabilmesi sayesinde komiir sertligine gore kesme hizi parametrelerini ayarlayarak kesme
performansini artirabilmektedir. Ayrica uzaktan kumanda ile yoOnetilmesi sayesinde ortamda
operatdriin bulunmasina gerek olmamasi nedeniyle is giivenligi acisindan biiylik avantajlar
saglamaktadir.

Komiir sabaminin seciminde bircok parametre birden degerlendirilmelidir. Ilk olarak tamburlu
kesici-yiikleyici makine ile artilar1 ve eksileri analiz edilmelidir. Sabanin uygun olduguna karar verildigi
taktirde, sabamn kullanilacagi madenin fiziksel 6zellikleri, is giivenligi sartlari, komiiriin mekanik
ozellikleri, jeolojik yapi, su durumu, siireksizlik durumlari, damar egimi, tavan ve taban sartlar1 gibi
durumlar analiz edilerek hangi tip sabanin maden i¢in uygun olduguna karar verilmelidir. Son olarak
da, bu saban tipini {ireten firmalar igerisinden uygun olan model secilmelidir. Giinlimiizde saban
iiretimi yapan uluslararas: firma sayisi ¢ok azdir. Az sayidaki bu {iiretici firmalarin isimleri ve internet
adresleri Cizelge 1'de verilmistir. Arastirmaci ve uygulayicilar komiir madenlerinde saban ile kazinin
uygun olduguna karar verdikten sonra bu firmalarin portfdyiinde bulunan tiplerden secim
yapacaklardir. Fakat dikkat edilmesi gereken en onemli husus isletmenin kaya madde ve kiitle
ozellikleri ile isletmenin diger sartlarina (egim, su durumu, tavan basinci vb) uygun secilmesidir. Genel
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secim kriterleri icin Sekil 10’daki diagramdan yararlanilabilir. Fakat ayrintili bir se¢im i¢in yukarida
belirtilen gartlarin belirlenerek secilmesi cok 6nemlidir.

Cizelge 1. Giiniimiizde komiir sabaru {iretimi yapan uluslararasi firmalar
Table 1. International companies that produce coal plows today

Firma Ad1 Web Adresi

Caterpillar www.cat.com

Ostroj WWW.0stroj.cz

Zhangjiakou Coal Mining Machinery WWwWw.zmgs.cn

Halbach & Braun www.halbach-braun.de
Mackina-Westfalia www.mackina-westfalia.com
Svet Shakhtyora www.shaht.kharkov.ua

SONUC ve TARTISMALAR (RESULTS and DISCUSSIONS)

Gilinlimiizde artan niifus, teknolojik gelisme ve {iretim ihtiyacina paralel olarak tam mekanize kaz1
sistemi son yillarda vazge¢ilmez bir duruma gelmistir. Ozellikle enerjiye olan talebin giin gegtikce
artmastyla, komiir {iretiminin daha ekonomik ve biiyiik miktarlarda yapilmasina ihtiya¢ duyulmustur.
Bu nedenle, komiir iiretiminde tam mekanize kazi sistemine gecis siireci hizlanmis, hatta otomasyon
sistemi kullanimina dogru bir egilim gelismistir. Son yillarda komdiir iiretiminde sabanlarin kullanimi
tekrar artmaya baslamistir. Kalin komiir damarlarinin diinyada azalmaya baslamasi nedeniyle, ince-orta
komir damarlarimin ekonomik olarak kazanilmasi 6nem kazanmigtir. Orta ve ince komiir damarlarinda
(0,6-2,3 m) sabanlarin kullanimi giin gectikce artmaya devam edecektir. Ciinkii giintimiizde komdiir
kazisinda kullanilan kazict makinalar igerisinde ince ve ondiilasyonlu damarlara en iyi uyum saglayan
kazic1 makine sabandir. Ayrica 60 ye kadar egimli olan damarlarda bile kullanilabiliyor olmas: diger
kazici makinalara en Onemli {istiinliiklerinden bir tanesidir. Diinyada kalin komiir damarlarinin
zamanla azalmasina bagh olarak sabanin énemi de beraberinde artacaktir. Sonug olarak yumusak ve
orta sert komiir madenlerinde ve ince ve orta ytikseklikteki damarlarda saban kullanimi giiniimiizde
giderek artmakta ve artmaya devam edecektir.
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Sekil 10. Komiir sabanin se¢imi i¢in olusturulan hiyerarsi diyagrami
Figure 10. Hierarchy diagram for the selection of coal plow
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OZ: Kalp vyetersizligi, kalbin viicudun ihtiyaci olan yeterli kani pompalayamadigi bir kalp
rahatsizligidir. Sol ventrikiil kalp destek pompalari, kalbin sol ventrikiiliinden kanin aort atar damarina
pompalanmasina yardimci olurlar. Bu ¢alismada, heliko-santrifiij karisik akish bir sol ventrikiil kalp
destek pompasinin tasarimi, pompa tasarim programlari kullanilarak yapildi. Hesaplamali akiskanlar
dinamigi (HAD) metodu ile pompanin hidrodinamik performansi belirlendi. Pompanin sayisal
performans sonuglar1 kullanilarak hidrolik verime gore optimum pompa tasarimi gergeklestirildi.
Kurulan deney diizeneginde farkli dénme hizlarinda bu pompanin basinci, debisi ve tiikettigi giig
Olctildii ve Olgiilen bu degerler ile deneysel hidrodinamik performans egrileri belirlendi. Deneyde ve
HAD analizinde, ¢alisma akigskani kan ile ayni viskozitede olan su-gliserin ¢ozeltisi (hacimce %40
gliserin ve %60 su) kullarldi. Kargilastirma yapilmas: igin su ile de deney ve HAD analizleri yapildi.
Pompanin deneysel ve sayisal performans sonuglarina gore, basing farkindaki sapma oranin yiiksek
debilerde %1’den daha diisiik ve diisiik debilerde ise yaklasik %5,7 olarak goriildii. Bu yetiskin kalp
destek pompalarinin saglamasi gereken 5 L/dak debideki 100 mmHg basing degeri, 5100 dev/dak donme
hizinda elde edildi. Bu noktada pompanin hidrolik verimi %52,1, genel verimi %30,9 ve maksimum
cidar kayma gerilmesi 166 Pa olarak belirlendi.

Anahtar Kelimeler: Hesaplamali akiskanlar dinamigi (HAD), Mini heliko-santrifiij / karisik akisli pompa, Sol
ventrikiil kalp destek pompast,

A Mixed Flow Heart Assist Pump Design and Investigation of Its Performance Using Computational
Fluid Dynamics

ABSTRACT: Heart failure is a heart disease in which the heart cannot pump enough blood to meet the
body’s needs. Left ventricular heart assist pumps help to pump the blood from the left ventricle of the
heart to the aorta artery. In this study, the design of a helico-centrifugal mixed-flow heart assist pump
was made using the pump design programs. The hydrodynamic performance of the pump was
determined by the computational fluid dynamics (CFD) method. Using the pump's numerical
performance results, the optimum pump design was performed according to the hydraulic efficiency.
Pressure, flow rate and power consumption of pump at different rotational speeds were measured in the
experimental setup and experimental hydrodynamic performance curves were determined with these
measured values. In the experiment and CFD analysis, the working fluid was a water-glycerin solution
(by volume 40% glycerin and 60% water) which has the same viscosity as blood. Also, for comparison;
experiments and CFD analysis were performed with water. According to the experimental and
numerical performance results of the pump, the deviation ratio of the pressure difference was calculated
to be less than 1% at high flow rates and approximately 5.7% at low flow rates. The pressure of 100
mmHg at 5 L / min flow rate, which must be provide by the adults heart assist pumps was achieved at
rotation speed of 5100 rpm. At this point, the hydraulic and overall efficiency of the pump and the
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maximum wall shear stress in the pump was determined to be the 52.1%, 30.9% and 166 Pa,
respectively.

Key Words: Computational fluid dynamics (CFD), Mini-helico-centrifugal/ mixed-flow pump, Left ventricular
heart assist pump.

GIRIS aINTRODUCTION)

Kalp yetersizligi kalp hastaliklarindan birisidir. Bu hastalik, kalbin c¢alisma performansinin
diismesinden dolayi, doku ve organlarin ihtiyaci olan kami pompalayamamasi sonucunu ortaya
gitkmaktadir. Kalp yetersizligi, her yasta goriilmekle birlikte ilerleyen yaslarda goriilme sikligi artar.
Tirkiye’de yapilan c¢alismalara gore 2 milyonun iizerinde insanda kalp yetersizligi oldugu
diistiniilmektedir (Degertekin ve dig., 2012). Kalp yetersizliginin ilagla tedavisi yapilmakla birlikte
hastaligin ilerlemesiyle kalp nakli yapilmas1 gerekebilmektedir. Ancak uygun ve yeterli sayida vericinin
(dondr) bulunamamasindan dolay:r hastalarin hayatta kalmas: igin mekanik destek cihazlarina gerek
duyulmaktadir. Bu cihazlardan biri olan mekanik kalp destek pompalar: (ventrikiil destek pompalari),
kisa ve uzun donemli olarak hastalarda, kalbin kani pompalamasini desteklemektedir. Kalp destek
pompalar iyilesme ya da kalp nakli i¢in kdprii olarak yaygin bir sekilde kullarulmakta, hatta son donem
kalp yetersizligi olan hastalar i¢in hedef tedavi olarak da kullanilmaktadir (Bunzel ve dig., 2007).

Gilintimiizde gelistirilen iki temel kalp destek pompast tipi: donel (rotadinamik) siirekli akis tipi
pompalar ve pozitif yer degistirmeli (deplasmanli) kalp destek pompalaridir. Pozitif yer degistirmeli
pompalar, kalp ile benzer bir sekilde (nabizli olarak) kam1 pompalamasina ragmen, hareketli parca
sayisinin fazla olmas, biiyiik boyutlar: ve mekanik arizalar1 gibi istenmeyen durumlari da vardir. Dénel
stirekli akis pompalarin; kiigiik boyutlar, basit tasarimlart (pozitif deplasmanli pompalarla
karsilastirildiginda), daha az hareketli parcalar ve diisiik giig tiiketimi gibi avantajlari mevcuttur (Fraser
ve dig., 2011). Rotadinamik pompalar 6zgiil hizlarina gore; santrifiij, karisik akishh ve eksenel akish
pompalar olmak {izere ii¢ ana gruba ayrimaktadir. Santrifiij akish pompalar verim agisinda
karsilagtirildiginda eksenel akisli pompalardan daha verimliler (Anderson ve dig., 2000) ve pozitif
deplasmanli pompalara gore daha az sorunlart bulunmaktadir (Olsen 2000). Kan pompalariin tipik
olarak verimleri 20-30% arasindadir (Fraser ve dig., 2011).

Ventrikiil destek pompalar1 (VADs), kalbin sol ventrikiil, sag ventrikiil veya her iki ventrikiile
destek vermesi i¢in implante (nakil) edilebilmektedir. Sol ventrikiil destek pompalari, kanin kalbin sol
ventrikiiliinden (karincik), aort atar damarina pompalanmasina destek olurlar. Ventrikiil destek
pompalart bir¢ok hastaya halihazirda fayda saglamis olmasina ragmen tizerinde ¢oziilmeye calisilan
bazi sorunlara da sahiptirler. Bu sorunlarin en basinda gelenleri, kanin hasar gérerek hemolize ugramasi
ve pihtilasmasidir (Genovese ve dig., 2009; Thompson ve dig., 2003).

Calismamizin birinci amaci, pompa tasarim programlari kullanarak karisik akigh bir kalp destek
pompasi tasariminin yapilmasi, ikinci amaci, HAD simiilasyonuyla ve deneysel olarak bu pompamn
hidrodinamik performansinin belirlenmesi ve son amaci ise sayisal sonuglari deneysel sonuglarla
karsilastirmaktir.

Bu calisma; karisik akisli bir kalp destek pompas: tasarimi, HAD ile onun simiilasyonu ve
optimizasyonu, imalati, kurulan test diizeneginde denenmesi ve simiilasyonla deney sonuglarimin
kargilagtirilmasi olmak tizere bes asamadan olugsmaktadr.

MATERYAL VE METOD (MATERIAL AND METHOD)
Cark ve Salyangozun Tasarimi (Design of Impeller and Volute)
Calismamizin ilk asamasinda, bir heliko-santrifiij karisik akislh sol ventrikiil kalp destek pompasinin

cark ve salyangozunun tasarimi yapildi. Literatiirdeki c¢alismalarda sol ventrikiil kalp destek
pompalarinin karsilamasi gereken hidrolik performans parametreleri olarak, 5 L/dak debide 100 mmHg
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basing degerleri alinmaktadir (Behbahani ve dig., 2009). Bu ¢alismada heliko-santrifiij sol ventrikiil kalp
destek pompasinin tasarim parametreleri olarak, 6000 dev/dak donme hizi, 100 mmHg basing ve 5 L/dak
debi degerleri alindi. Pompanin ¢ark ve salyangozunun tasariminda, ANSYS Vista CPD ve ANSYS
BladeGen pompa tasarim programlari ve katt modellemesinde SolidWorks tasarim programi kullanildi.

Cark tasarimi i¢in, ANSYS Vista CPD programinin ¢ark kismina baslangi¢ tasarim degerleri (5 L/dak
debi, 100 mmHg basing ve 6000 dev/dak donme hizi) girildi. Geometri sekmesi altinda bulunan; ¢ark
kanat sayisi, gobek kanat agisi, ortii kanat acist gibi parametrelerin sayisal degerleri girilerek bir model
olusturuldu. Olusturulan model BladeGen modiiliine aktarildi. Burada kanadin giris ve c¢ikis ug
kisimlarinin gsekli ve kanat profili gibi 6zellikleri ayarlandi. ANSYS Vista CPD programu ile bu carka
uygun bir salyangoz modeli olusturuldu. Cark ve salyangozun tasariminda gerceklestirilen bu
adimlardan sonra olusturulan bir kati model ANSYS Fluent analiz programi ile bir dizi simiilasyon
denemeleri yapilarak, pompa verimi ve kalp destek pompasimin karsilamas: gereken hidrolik degerler
agisindan optimum cgark ve salyangozun ortaya ¢ikmas: saglandi. Nihai olarak ortaya c¢ikan cark ve
salyangozun kat1 modeli, Sekil 1’de verildi. Tasarlanan pompanin ait bilgiler ise Cizelge 1’de verildi.

Pompa tasarim siireci genellikle boyutsuz 6zgiil hiz ve 6zgiil cap parametrelerinin belirlenmesi ile
baglar. Heliko-santrif{ij karigik akish kalp destek pompasinin 6zgiil hizi (yada SI sisteminde tip
numaras: olarak da bilinir) asagidaki denklemle hesaplandu:

N QO.S
ng =-S5 (1)

( x )0.75

Ozgiil capin hesaplandig1 denklem ise

D(%)O.ZS

dS = Q0.5

)

seklindedir. Bu denklemlerdeki p (kg/m?®) yogunluk, AP (Pa) basing, Q (m?3/s) debi, Ns (rad/s) pompa hizi
ve D (m) captir. Kalp destek pompalarinin tasariminda, pompa geometrisinin etkisinin incelendigi bir
calismada (Mozafari ve dig., 2017), en yiiksek verimin elde edilebilmesi icin, 6zgiil hiz ve 6zgiil cap
arasindaki iligki incelenmistir. Calismamizda Cizelge 1’de belirtilen 6zgiil hiz ve 6zgiil cap degerlerinin,
Mozafari ve arkadaslarimin bu ¢alismasindaki 0,88 6zgiil hiz i¢in 4,63 6zgiil cap degerine uygun oldugu
goriildii.

O-Ring Kanali

Basma Hatt:
Alt Gévde
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Deligi

|
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Sekil 1. Pompa cark ve salyangozun kat1 modeli
Figure 1. Solid model of pump impeller and volute
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Cizelge 1. Pompanin tasarim parametreleri ve calisma kosullar
Table 1. Design parameters and operating conditions of pump

Tasarim Parametreleri Pompa hizi aralig: Boyutsuz Boyutsuz
Debi Basing Pompa Cark ¢ap1 Minimum Maksimum 6zg1"11 hiz 6zgﬁl
(L/dak) (mmHg) hiz1 (mm) (dev/dak) (dev/dak) (ns) cap (ds)
(dev/dak)
5 100 6000 22 5000 7000 0,85 4,60

HAD Modellemesi (CFD Modeling)

Calismanin ikinci asamasinda, kat:1 modeli olusturulan kalp destek pompasimun HAD analizleri,
ANSYS Fluent 18.1 programi kullarilarak yapildi. HAD simiilasyonlarinin yapildigi RNG k-¢ tiirbiilans
modeline ait k-¢ denklemleri, “renormalizasyon grup” RNG metodu denen bir matematiksel teknik
kullanilarak, anlik Navier-Stokes denklemlerinden ¢ikarilmistir.

Tiirbiilans modeli (Turbulence model)

Iki denklemli tiirbiilans modellerinden biri olan standart k-¢ tiirbiilans modeli, daha 6nceki bircok
kalp destek pompas: calismasinda kullanildi (Zhang ve dig., 2008). Bu modelde k ve ¢ sirasiyla,
tirbiilans kinetik enerjisi ve onun kayip hizidir. Bir¢ok arastirma ve miihendislik ¢alismasinda
kullanilan bu modelin baz1 zayif taraflar1 bulunmaktadir. Akisin tamamen tiirbiilansh kabul edilmesi ve
molekiiler viskozitenin etkilerinin 6nemsiz varsayilmas: ve bunun yalnizca yiiksek Reynolds sayili
tirbiilansh akislar i¢in gegerli olmas: modelin eksiklikleridir (Fraser ve dig., 2011). Bu sebepten dolay1
standart k-¢ tiirbiilans modelinin gelistirilmis bir cesidi olan RNG k-& modeli, bu ¢alismada HAD
analizleri i¢in tiirbiilans modeli olarak se¢ildi. Modelde sonuglarin dogrulugunu arttirmak icin, duvar
yakini iyilestirme secgeneklerinden “dlgeklenebilir duvar fonksiyonu” secildi (Mozafari ve dig., 2017).
RNG k-¢ modelinin standart k-¢ modeliyle benzerlikleri olmakla birlikte gelistirilmis yanlar: da vardir.
Bunlar:
¢ RNG modelindeki ¢- denklemi, standart k-¢ modelindeki ¢- denklemine gore ek bir terim igerir. Bu

ek terim, hizli sekil degistiren akislarda sonucun dogrulugunu arttirmaktadir ve RNG k-¢ modelinin,

standart k-¢ modelinden en 6nemli farkidur.

e RNG modeli, tiirbiilans {izerine girdabin etkisini hesaba katarak, girdapli akislarin dogrulugunu
arttirir.

¢ Bumodel, tiirbiilans Prandtl sayilarimi sabit almaz; analitik bir formiil kullanarak hesaplar.

e Standart k-¢ modeli yiiksek Reynolds sayili bir model iken, RNG k-¢ modeli diisitk Reynolds
sayilarinin etkilerini de hesaplayan efektif viskozite (uef) igin analitik olarak tiiretilmis diferansiyel
formdiil saglar (Ansys Fluent Theory Guide, 2017).

Daimi sikistirilamaz akis igin RNG k-¢ modelinde kullanilan k ve ¢ denklemleri asagidaki gibidir:

Tiirbiilans kinetik enerjisi k- denklemi;

%k _ 0 9k 2 _
PUi 5 = ox (akueff ax;) +1S® —pe 3)

Tiirbiilans kinetik enerjisinin kayip hizi e- denklemi;

0

SRCCCE
p iaXi - OX]

9e) & 2 _ 50
(asueff 6X]-) + k (Clsp-ts pCZsa) (4)

Denklem (4)’deki Cz." katsayisinin hesabi asagidaki denklemle yapilir:
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Cung(l‘%)

C;S = CZS + 1+BT.I3

©)

Bu denklemin sag tarafindaki ikinci (ek) terim, RNG k-¢ modelinin standart k-¢ modelinden ana farkini

gosterir.
Tiirbiilans viskozitesinin, efektif viskozitenin ve n katsayisinin hesabi sirasiyla asagidaki denklemler
kullanilarak yapilir:
K2

He = pcu? (6)
Megr = M+ )

k
n=>52 (8)

Bu denklemlerde kullanilan Cie, C2c ve Cy model sabitleri RNG teorisinden analitik olarak g¢ikarilan
sabitlerdir. Ayrica denklemde kullanilan diger katsayilar n0=4,38 ve $=0,012'dir (Ansys Fluent Theory
Guide, 2017).

Bu modelde girdap veya donmelerin tiirbiilansa etkilerini hesaba katmak i¢in tiirbiilans viskozitesi
asagidaki gibi modifiye edilmistir:

k
He = Heo f(OLSJ Q, ;) )

Burada ut, Denklem (6) kullanilarak girdap modifikasyonu olmadan hesaplanan tiirbiilans viskozitesi
degeridir. 2, ANSYS Fluent icinde degerlendirilen girdap sayis1 ve dis girdap sabitidir ve akisin kuvvetli
veya zayif girdaph olup olmadigina gore farkli degerler alir.

Bu model denklemlerindeki ters efektif Prandtl sayilar1 ax ve e, RNG teorisi tarafindan analitik olarak
¢ikarilan asagidaki formiil kullanilarak hesaplanir:

0.6321 0.3679

Hmol
_ 10
Heff ( )

0—1.3929
09—1.3929

0+2.3929
09+2.3929

burada ao =1,0"dur.
Sinir sartlar1 (Boundary Conditions)

Tim analizlerde pompanin giris yiizeyinde kiitlesel debisi girisi ve ¢ikis yiizeyinde basing ¢ikisi simir
sart1 olarak kullanildi. Carkin dénme hizina ve yoniine gore cark igindeki siviya donme verildi.
Pompanin girisinde ve ¢ikisinda tiirbiilans: tanimlamak icin tiirbiilans siddeti ve hidrolik ¢ap kullanild1.
Pompanin giris ve ¢ikis ylizeylerindeki hidrolik ¢aplarin degerleri ve her kiitle debisi i¢in Denklem (11)
ile tiirbiilans siddeti hesaplanarak degeri girildi. Kaymama sinir sart1 kabulii geregince, akiskanin temas
ettigi cark duvarina gore hizi, sifir olacak sekilde ayarlandi.

HAD analizlerinde, kalp destek pompasinin ¢calisma kosullarina uygun olarak +x yoniinde 9,81 m/s?
yergekimi ivmesi degeri girildi. Sonuglarin karsilastirilmasi i¢in 6nce ¢alisma sivisi olarak su ile analizler
gerceklestirildi. Literatiirdeki c¢alismalarda, kalp destek pompast deney ve HAD analizlerinde
Newtonyen bir akiskan olan su-gliserin ¢ozeltisi kullanildig1 belirtilmistir (Zhang ve dig., 2008; Chua ve
Akamatsu, 2000). Sonra analizlerde ve deneylerde kana benzemesi icin ¢alisma sivisi olarak, Newtonyen
ve sikistirilamaz bir akigskan olan su-gliserin ¢ozeltisi (hacimce %40 gliserin ve %60 su) kullanild:
(Untaroiu ve dig.,2005). Su-gliserin ¢ozeltinin yogunlugu ve viskozitesi sirasiyla, 1,1x10° kg/m? ve
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3,5x10° Pa.s olarak ol¢iildii. Bu degerlerin (Hu ve dig., 2012)'min deneysel ¢alismalari ile uyumlu oldugu
goriildi.

Basing-hiz birlestirilmis ¢oziiclide, siireklilik ve momentum denklemleri ve tiirbiilans denklemlerinde,
ikinci dereceden ayriklastirma semalar: kullanildi. Analizlerde akis, “daimi bir akis” olarak kabul edildi.
HAD c¢oziimleri, 9x10° yakinsama kriteri degerine kadar yapildi.

HAD analizlerinde pompanin giris ve ¢ikisinda tiirbiilans siddetinin degeri asagidaki denklem ile
hesaplandi:

TS = 0,16.Re~1/8 (11)

Coziim ag1 olusturma (Meshing)

Cark ve salyangoz kat1 modelinin akis bolgesinde once Fine 50 diizeyinde ¢6ziim ag1 olusturuldu.
Sonra HAD analizlerinde hesaplanan sonucun dogrulugunu arttirmak ve ¢oziimiin yakinsamasin
saglamak i¢in, basin¢ gradyani ve y+ adaptasyonu uygulanarak daha yiiksek hiicre sayili ve kaliteli
¢oziim ag1 elde edildi. Tasarim degerleri olan 6000 dev/dak donme sayis1 ve 5 L/dak debide analizler
yapilarak, cesitli hiicre sayilarinda elde edilen sonuglar $Sekil 2’de gosterilmistir. Bu ¢6ziim ag1
bagimsizlik testine gore yaklasik 1.800.000 diigiim noktasi ve 4.700.000 hiicre sayisinda sonra basing
farki degerlerinin degismedigi goriildii.
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Sekil 2. Coziim ag1 hiicre sayisi ve toplam basing fark: arasindaki iligki
Figure 2. Relationship between mesh cell number and total pressure difference

Pompa hidrolik ve genel verimi (Pump hydraulic and overall efficiency)

Pompanin hidrolik verimi, her analiz sonunda farkli debilerde, tork ve toplam basing farki degerleri
kullanilarak asagidaki denklemle belirlendi:

AP
N = o (12)

Burada nn pompanin hidrolik verimini, Q birimi (m?3/s) cinsinden pompanin debisini, AP toplam basing
farkim (Pa), T mil torkunu (Nm) ve Q ise acisal hiz1 (rad/s) temsil etmektedir. Pompann ¢ikisi ile girisi
arasindaki toplam (statik + dinamik) basing farki asagidaki denklemle ifade edilir:

AP=P,_—P

tg (13)

9_

Pompanin genel verimi, deneysel ¢alismada pompanin elektrik motoru ile birlikte tiikettigi gii¢ ile
hesaplandi. Pompanin genel verimi asagidaki denklemle bulundu:
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QAP
= — 14
Wil ( )

Burada mil giicii (Wii), elektrik motorunun yiikte ve bosta gektigi giicler arasindaki farktir.
imalat ve Deney Sistemi (Manufacturing and Experiment System)
Cark ve salyangozun imalati (Manufacturing of impeller and volute)

Calismanin iiglincii asamasinda, tasarimi ve HAD analizi yapilan ¢ark ve salyangozun deneysel
ortamda performansim belirlemek amaciyla cark ve salyangozun prototiplerinin imalat1 yapildi. Kat1
modeli olusturulan pompa ¢arki PA2200 naylon malzemeden, lazer sinterleme yontemi ile imal edildi.
Uretilen carkin resmi Sekil 3'de goriilmektedir. Salyangozun ise deney diizeneginde kolay bir sekilde
test edilmesi icin dikdortgen prizmasi seklindeki bir govde islenerek imal edildi. CNC dik islem tezgahi
yardimiyla, aliiminyum malzemeden alt ve iist kisim olarak iki parca seklinde imalati yapildi. Bu
govdenin, kolay imal edilmesi ve paslanmaya ugramasinin engellenmesi i¢in aliiminyum malzeme
tercih edildi. Imalat1 yapilan salyangoz alt ve {ist kisimlarmin resmi de, Sekil 3'de goriilmektedir.
Deneysel calismada salyangozdan sivi sizintisini engellemek igin alt gévdeye, &3 mm capinda O-ring
kanali agildi. Pompanin mili paslanmaz celik malzemeden imal edildi. Mil ile govde arasindaki
bosluktan siv1 sizintisini engellemek igin ise, 6x16x7 mm (sirasiyla i¢ ¢ap, dis cap ve genislik)
boyutlarinda déner mil kegesi kullanildi. Milin yataklanmasinda ise, 625 numarah bilyeli rulman
kullanild1.

Sekil 3. Pompa cark ve salyangozunun prototipi
Figure 3. Prototype of pump impeller and volute

Deney seti (Experimental setup)

Calismanin dordiincii asamasinda, kalp destek pompasmin deneysel performans: belirlendi. Bu
amagcla kullanilan deney diizeneginin semas1 Sekil 4’de goriilmektedir. Deney diizeneginde bir adet
atmosfere acik sivi toplama tanki bulunmaktadir. Is akiskani, esnek ve seffaf hortumlar (dis capt 16 mm
ve i¢ cap1 10,5 mm) icinde dolasmaktadir. Deney diizeneginin basma hattinda bulunan debi ayar vanasi
ile sistemden gegen sivinin debisi ayarlandi. Bu debi ayar vanasi tam agik konumda iken maksimum
debi, vananin asamali kisilmasi ile birlikte farkli debi ve basing degerlerinin meydana gelmesi saglandi.

Pompanin toplam basing farki, %0,25 hassasiyete sahip bir fark basing sensorii (Valcom 27D) ile
olctildii. Basing Olciimleri, pompanin giris ve ¢ikisinda bulunan basing prizleri {izerinden yapildi. Giris
ve cikista bulunan bu iki noktadan ayrica manometreler yardimiyla basing 6l¢iim kontrolii yapildi. Akan
stvinin debisi ise, 2000 mL + 20mL hassasiyetli bir dereceli silindirik kap ile akan sivi hacmi ve
kronometre yardimiyla da akma zamanu dlgiilerek hesaplandi.

Yiiksek hizli DC elektrik motoru ile pompa miline tahrik verildi. Elektrik motorun devir dl¢iimii bir
endiiktif yakinlik sensorii (Sick IME1603) ile yapildi. Bu sensoriin kontrolii ise, %0,05 &lgme



Hesaplamali Akigskanlar Dinamigi Kullanarak Karisik Akish Bir Kalp Destek Pompasinin 511

Tasarimu ve Performansinin Incelenmesi

hassasiyetine sahip dijital foto takometre (Lutron DT2236) ile yapildi. Motorun tiikettigi giiciin ol¢imii
ise %1 hassasiyete sahip DC gii¢ metre ile yapild.

Pompanin deneysel ortamda hidrodinamik karakteristiklerini elde etmek ve kargilagtirma yapmak
i¢in, deneyde once is akiskani olarak su kullanildi. Sonra, pompanin kanla benzer bir is akiskani olan su-
gliserin ¢ozeltisi (hacimde %40 gliserin ve %60 su) ile de deneyler yapild1 (Untaroiu ve dig.; 2005).
Olgiilen ve 6lciilen degerlerle hesaplanan performans parametreleri kullanilarak, pompanin farkli devir
sayilarinda su-gliserin ¢ozeltisinde hidrodinamik performans egrileri olusturuldu. Su ve gliserin
molekiillerinin her ikisi de polar molekiiller oldugundan her oranda birbiri igerisinde homojen olarak
karigmaktadir. Olgiim esnasinda pompanin su ve gliserin karisimini deney diizeneginde sirkiilasyon
yaptirmast karisimin homojen kalmasini saglamaktadir. Ayrica su-gliserin ¢dzeltisinden deneylerinin
basinda numune alinarak tiim deney esnasinda ayr1 bir yerde bekletildi ve herhangi bir ¢okelme sonucu
ayrismanin olmadig: gozlendi.
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Sekil 4. Deney diizeneginin semasi
Figure 4. Scheme of experiment setup

SONUCLAR ve TARTISMA (RESULTS and DISCUSSION)

Calismanin son asamasinda tasarlanarak iiretilen pompanin 5000 ila 7000 dev/dak araliginda su ve
su-gliserin ¢ozeltisi i¢in simiilasyonla ve deneyle belirlenen performans: kiyaslanmistir. Heliko-santrifijj
kanisik akigh kalp destek pompasimin 6000 dev/dak donme hizinda, su ve su-gliserin ¢ozeltisindeki
hidrodinamik performans egrileri sirayla Sekil 5 ve Sekil 6°da gosterildi. Pompanin is akigkani su ile
olusturulan hidrodinamik karakteristiklerinin grafiginde (Sekil 5) yiiksek debilerde, deney ve HAD
analiz sonuglar arasindaki sapma oranin % 1’den diisiik oldugu goriildii. Aymn grafikte diisiik debilerde
deney ve HAD analiz sonuglar1 arasindaki farkin en yiiksek oldugu yerde (1 L/dak debide) yaklasik
%4,8 oldugu goriildii. Benzer bir egilim is akiskani olarak gliserin-su ¢ozeltisinde de goriilmektedir.
Sekil 6’daki grafikte is akiskani olarak gliserin-su ¢ozeltisinin deney ve HAD analizi sonuglari arasindaki
farkin en yiiksek oldugu yerde (1 L/dak debide) fark yaklasik % 5,7 oldugu goriildii. Deney ve HAD
analizi arasindaki diisiik debilerde farkin yiiksek, yiiksek debilerde ise farkin diisiik olmasinin sebebi,
RNG k-¢ tiirbiilans modeliyle yapilan ¢oziimde diferansiyel viskozite modeli opsiyonunun
kullanilmamasidir. Ancak kalp destek pompalari daha spesifik cihazlar oldugu icin distik-yiiksek
Reynolds sayis1 araliginda ¢alismaktadirlar. Bu sebepten dolay: diisiik debilerde akisin Reynolds sayis1
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diismekte ve tiirbiilans modelinin ¢6ziimiinde, grafiklerde de goriildiigii gibi (Sekil 5 ve 6) biraz daha
biiyiik sapma orami olugsmaktadir. Sol ventrikiil kalp destek pompalarinin karsilamasi gereken 5 L/dak
debide 100 mmHg basing ise 5100 dev/dak donme hizinda elde edilmistir.
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Sekil 5. Su icin deney ve HAD sonuglarinin karsilagtirilmasi
Figure 5. Comparison of experimental and CFD results for water
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Sekil 6. Su-gliserin ¢ozeltisi i¢in deney ve HAD sonuglarinin karsilastirilmas:
Figure 6. Comparison of experiment and CFD results for water-glycerin solution

Pompalarin HAD analizi veya deneysel sonuglarinin daha az sayida parametre ile ifade edilmesi ve
genellestirilebilmesi i¢in, onlarin hidrodinamik performans egrileri, basing ve debi katsayilar1 gibi
boyutsuz parametreler kullanilarak gosterilir. Boyutsuz parametreler yardimiyla gésterim metodunun
daha onceki (Kafagy ve dig., 2015; Wu ve dig., 2001) calismalarda da kullanldig: goriildii. Pompalarin
iki boyutsuz performans parametresi olan basing katsayisi () ve debi katsayisiin (@) boyutsuz
ifadeleri asagida sirayla verilmistir:

w=0y () 03
®=C, (%) (16)
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Burada Q debiyi (L/dak), N ¢arkin dénme hizini (dev/dak), R cark yarigapini (mm), AP pompa basincini
(mmHg) ve p yogunlugu (kg/m3) temsil eder. Cysabiti basing faktorii ve Co sabiti debi faktoriidiir. Bu
faktorlerin degerleri sirasiyla, 1,2157x10% ve 1,5195x105 dir (Chopski ve dig., 2016).

Tasarim noktasinda; genel verim, basing ve debi katsayilarmin 6l¢iim belirsizlikleri sirasiyla %2,46,
%1,57 ve %2,06 olarak hesaplandi.

Pompa carkinin su ve su-gliserin is akiskanlarinda farkli devirlerdeki Reynolds sayis1 asagidaki ifadeyle
hesaplandi:

__ pap?
i

Re 17)

Burada p dinamik viskoziteyi (Pa.s), Q ¢arkin donme hizim (rad/s), D cark capii (m) ve p akiskan
yogunlugunu (kg/m?) gostermektedir. Piiriizliilikk degeri (¢) plastik borular igin sifir oldugundan, bagil
piriizliiliik (¢/D=0) dur.

Sekil 7’de heliko-santrifiij pompanin, su ve su-gliserin ¢ozeltisinin 6000 dev/dak dénme hizinda
hidrodinamik performans egrileri ve onlarin polinom denklemleri verildi.
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Sekil 7. Boyutsuz parametrelere gére HAD performans egrileri
Figure 7. HAD performance curves according to dimensionless parameters

Heliko-santrifiij karisik akish pompamin su-gliserin ¢Ozeltisinde farkli devirlerde deneysel
hidrodinamik performans egrileri Sekil 8'de gosterildi. Bu performans egrilerinde, pompa basmng
katsayis1 ve genel veriminin debi katsayisi ile degisimi goriilmektedir. Bu Sekil’de pompa genel
verimine ait uydurulan polinom egrileri {izerindeki noktalar (A,B,C ve D), pompamnin farkli devirlerde
calistig1 en verimli yerleri gostermektedir. 6000 dev/dak donme hizinda pompanin en verimli calistig
noktada (A noktasi), pompa genel verimi yaklasik %36,8 olarak elde edildi.
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Sekil 8. Boyutsuz parametrelere gore farkli devirlerde deneysel hidrodinamik performans egrileri
Figure 8. Experimental hydrodynamic performance curves at different rotational speeds according to dimensionless parameters

Pompanin su-gliserin ¢ozeltisi i¢in, dort farkli devir sayisinda deneysel hidrodinamik performans
verilerinin regresyon analiziyle uydurulan y=f(¢) ve n=f(¢) egrileri ve bu egrilerin 3. dereceden polinom
denklemleri Sekil 9'da gosterildi. Buradaki R? degeri egrilerin korelasyon katsayisidir. Bu sekil {izerinde
verilen bilgilere gore, yaklasik 80.000 ila 111.000 Reynolds sayis: araliginda korelasyon katsayisinin (R?=
0,92-0,99) yiiksek olmasi, y ve n egrilerinin ayr1 ayr tek bir egri seklinde gosterilebilecegini ifade
etmektedir.

Sekil 7deki grafikte HAD analizinde ¢ozelti i¢in tasarim debisinde (T noktas1) 6000 dev/dak donme
hizinda pompa hidrolik verimi yaklasik %54,1 ve Sekil 9'daki grafikte tasarim debisinde (T2 noktasr)
genel verimin ise yaklasik %36 oldugu goriilmektedir. 5 L/dak debide 100 mmHg basincin elde edildigi
(E noktast) 5100 dev/dak donme hizinda, pompanin genel verimi %30,9 ve hidrolik verim ise %52,1’dir.

Karisik akisli pompalar {izerine yapilan bir ¢alismada (Wu ve dig., 2001), 6000 dev/dak doénme
hizinda 6 L/dak debide yaklasik %33 hidrolik verim elde edildigi belirtilmistir. Farkli bir karisik akish
kalp destek pompasi iizerine yapilan ¢alismada (Carrier ve dig., 2006), 11000 dev/dak dénme hizinda
100 mmHg basing ve 5 L/dak debide, hidrolik verimin %44 oldugu ifade edilmektedir. Ug farkli karisik
akisli pompa tasarimi iizerinde yapilan bir ¢alismada (Arvand ve dig., 2004), 100 mmHg basincta 5
L/dak debide; pompa tipine gore %24, %30,5 ve %33,5 gibi hidrolik verimler elde edilmistir. Genel
olarak literatiirdeki karisik akish pompalar ile bu ¢alismanin sonuglar1 karsilastirildiginda iyi bir sonug
elde edildigi soylenebilir.
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Sekil 9. Tiim deneysel verilere gore uydurulan hidrodinamik performans egrileri
Figure 9. Hydrodynamic performance curves fitted by according to all experimental datas

Heliko-santrifiij karisik akish pompanin cark ve salyangozunda, is akigkani su ile 6000 dev/dak
donme hizinda gergeklestirilen HAD analizlerinde belirlenen cidar kayma gerilmesi konturlar1 Sekil
10’da verildi. Carkta meydana gelen cidar kayma gerilmelerinin en yiiksek oldugu yerler kanatlarin ug
kisimlar1 ve garkla salyangoz arasindaki dar bolgelerdir. Bu bolgelerde meydana gelen en biiyiik cidar
kayma gerilmesi yaklasik 157 Pa olarak gozlendi. Su ile yapilan analizlerde, su-gliserin ¢ozeltisinden
daha diisiik bir cidar kayma gerilmesi degeri meydana geldigi goriildii.
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Sekil 10. Su i¢cin HAD simiilasyonuyla belirlenen cidar kayma gerilmeleri
Figure 10. Wall shear stress determined by CFD simulation for water
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Su-gliserin ¢Ozeltisi kullamlarak yapilan HAD analizi sonucunda belirlenen, ¢ark ve salyangozda
meydana gelen cidar kayma gerilmesi konturlar1 Sekil 11’de goriilmektedir. Tasarim noktasinda (5
L/dak ve 6000 dev/dak) su-gliserin ¢ozeltisinde cark ve salyangozda olusan maksimum cidar kayma
gerilmesi yaklasik 231 Pa olarak belirlendi. Ancak su-gliserin ¢ozeltisinde, yetiskin kalp destek
pompalarinin muhtemel (yaygin) calisma noktasi olan, 100 mmHg basing ve 5 L/dak debi degerinin
gerceklestigi 5100 dev/dak donme hizinda, 166 Pa degerinde bir maksimum cidar kayma gerilmesi
olugmaktadir.



516 F. MUTLU, R. YAPICI

2.31e+02
l 2192402
208402

1.868+02

2.31e+02
. 2.19e+02
2.08e+02
1.96e+02
1.86e+02

1.85e+02
1.73e+02 1.73e402
1.62e+02 1.620+0Z
1,50e+02 1.50e+02
1.39e+02 1.39e+02
1.27e+02 1.270+02
1.15e+02 1.158+02
_ 1.04e+02 ‘ 1.04e+02
9.24¢+01 9.24c+01
8.08e+01 2.00a+01
6.93e+01 B.93e+01
5.77e+01 5.77e+01
4.62e+01 4.82a+01
3.46e+01 < 246a+01
2.31e+01 e % 21001
1.15e+01 : it = ! 1.15a+01
0.00e+00 A 0.008+00
Contours of Wall Shear Stress (pascal) Contours of Wall Shear Stress {pascal)

Sekil 11. Su-gliserin ¢ozeltisi icin HAD simiilasyonuyla belirlenen cidar kayma gerilmeleri
Figure 11. Wall shear stress determined by CFD simulation for water-glycerin solution

Kayma gerilmesinin kirmizi kan hiicrelerine verdigi zararin incelendigi bir calismada (Leverett ve
dig., 1972), kayma gerilmesi i¢in esik degerin 150 Pa oldugu belirtilmistir. Calismamizda kalp destek
pompasmin 5100 dev/dak cidar kayma gerilmesinin, bu esik degere yakin oldugu goriildii. Kan hasar1
genellikle kayma gerilmesinin biiyiikliigiiniin yan1 sira bu kayma gerilmesine maruz kalma siiresinin de
onemli oldugu ayni ¢alismada vurgulanmaktadir. (Arvand ve dig., 2004) tarafindan ti¢ farkhh karisik
akisli pompa tasarimi kullarularak yapilan ¢alismada, aym calisma noktasinda (100 mmHg basingta 5
L/dak debi); 380, 430 ve 290 Pa degerinde maksimum kayma gerilmelerinin olustugu belirtilmektedir.
Dort farkl santrifiij kalp destek pompasi tasariminin oldugu baska bir ¢alismada (Yu ve dig., 2000), 5
L/dak debide 84-105 mmHg basing¢ araliginda, maksimum cidar kayma gerilmelerinin kanat giris ucu
kisminda; 220, 230, 267 ve 273 Pa oldugu belirtilmistir.

ARASTIRMA SONUCLARI (RESEARCH CONCLUSIONS)

Calismamizda pompa tasarim programlar kullanarak bir heliko-santrifiij karisik akish kalp destek
pompasmin tasarimi, prototipinin {iretimi, HAD analiziyle ve deneysel ortamda hidrodinamik
performansinin belirlenmesi ve performans egrilerini kullanarak sonuglarin karsilagtirilmasi yapildi.
Analiz ve deneysel calismalarda is akiskami olarak, su ve su-gliserin ¢ozeltisi kullanilarak pompanin
farkl akiskanlardaki hidrodinamik performansi belirlendi. Hidrodinamik performans egrilerinde farkl
donme hizlarinda pompanin en verimli noktalar1 belirlendi. Bu sayisal ve deneysel ¢alismada, su-
gliserin ¢ozeltisi kullanan literatiirdeki kalp destek pompalar ile karsilagtinldiginda hidrolik verim
agisindan iyi bir sonug elde edilmistir. Pompanin maksimum cidar kayma gerilmesinin, literatiirde
kirmizi kan hiicrelerine zarar verecek esik kayma gerilmesi degerine (150 Pa) yakin oldugu goriilmiistiir.
Tasarim noktasinda c¢alisma halinde pompadaki maksimum cidar kayma gerilmelerinin, cark ve
salyangozun arasindaki dar kisimlarinda meydana geldigi goriildii. Sonraki calismalarda, bu
bolgelerdeki cidar kayma gerilmelerinin azaltilmasma yonelik caligmalar yapilmalidir. RNG k-¢
tiirbiilans modeli ile yapilan HAD simiilasyonu ve deneysel calismalardan elde edilen hidrodinamik
performans egrilerinin diisiik sapma oram ile birbirine yakin oldugu goriildii. Bu tiirbiilans modelinin
literatiirdeki bir¢ok arastirmada da gozlendigi gibi kalp destek pompalarinin tasariminda ve deneysel
calismalarin dogrulanmasinda iyi sonuglar veren bir model oldugu belirtilebilir. Calismamizin daha
sonraki asamalarinda pompanin viicuda takilabilir bir tasariminin yapilmasi, yataklama sisteminin
gelistirilmesi, cidar kayma gerilmelerinin esik degerin altina indirilmesi ve bu gerilmelerin meydana
getirdigi hemoliz indeksinin belirlenmesi planlanmaktadir.
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ABSTRACT: In the Konya area, the Neotethyan assemblage is represented by Late Cretaceous aged Hatip
Ophiolitic Mélange, in where the metamorphic sole rocks crop out as thin slices beneath the sheared
serpentinites and harzburgites, and Cayirbag1 ophiolite. This study aims to characterize the mineralogical
characteristics and chemical composition of the amphiboles in the metamagmatic sole rocks of the Hatip
Ophiolitic Mélange. The main rock types in the metamorphic sole rocks are amphibolite (amphibole up to
90.3 %); epidote-amphibolite (65.3% amphibole); zoisite-amphibolite (amphibole 52.2%) and amphibole-
quartzite (amphibole 28.5%) with nematoblastic to porphyroblastic texture. The microprobe analyses of the
amphiboles suggest that the amphiboles have crystallized from a wet magma in medium pressure condition
(£7 kb), and are magnesiohornblende, pargasite and edenite in composition. The obtained data also reveal
that the Neotethyan assemblage has experienced a regional metamorphism in greenschist facies conditions,
which resulted in no chemical changes in the amphiboles.

Key Words: Amphibolite, Konya, Metamorphic sole, Ophiolite

Konya Yoresinde (Orta Giiney Tiirkiye) Ge¢ Kretase Yasli Hatip Ofiyolitik Melanjinin Metamorfik
Taban Kayaglarindaki Amfibol Minerallerinin Mineralojik Ve Kimyasal Ozellikleri

OZ: Konya yoresinde Neotetis toplulugu, Geg Kretase yasli makaslanmis serpantinit ve harzburgitlerin
altinda ince dilimler seklinde metamorfik taban kayaglarimin bulundugu Hatip ofiyolitik Melanji ve
Cayirbag1 ofiyolitleri ile temsil edilirler. Bu c¢alismada, metamorfik dilimde yer alan metamagmatik
kayaglardaki amfibollerin mineralojik 0Ozelliklerinin ve kimyasal bilesimlerinin ortaya konulmasi
amaclanmistir. Metamorfik dilimdeki ana kayag tipleri nematoblastik - porfiroblastik dokuya sahip olan
amfibolit (% 90.3 lere varan amfibol); epidot amfibolit (%65.3 amfibol); zoisit amfibolit (%52.2 amfibol) ve
amfibol kuvarsit (%28.5 amfibol) tir. Amfibollerin kimyasi, amfibollerin orta basing sartlarinda (< 7 kb) sulu
bir magmadan kristallesen magnezyohornblend, pargazit ve edenit bilesiminde oldugunu ortaya
koymaktadir. Eldeki veriler, ayrica Neotetis toplulugunun daha sonra amfibollerde kimyasal bir degisiklik
olusturmayan yesilsist fasiyesi sartlarinda bolgesel bir metamorfizmaya ugradigin vurgulamaktadir.

Anahtar Kelimeler: Amfibolit, Konya, Metamorfik dilim, Ofiyolit
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INTRODUCTION

The Konya area in south central Anatolia is important in understanding the evolution of both
Paleotethyan and Neotethyan oceans. In the N-NW part of Konya city, Paleotethyan units are represented
by pre-Permian tectono-stratigraphic/magmatic units (Eren, 1993; Eren et al.,, 2004; Goncuoglu et al., 2007;
Ozcan et al.,, 1990; Ozcan et al., 1988; Robertson and Ustaomer, 2009), which are unconformably covered by
Permian and Triassic sedimentary units (Goncuoglu et al., 2007; Ozcan et al., 1988; Robertson and Ustaomer,
2009). The remnants of Neotethyan crop out in the SW part of Konya city, in where mélange and ophiolitic
units of Late Cretaceous period cropp out (Figure 1, Figure 2). Of these, the Hatip Ophiolitic Mélange
contains both sedimentary and sheared serpentinite matrix in which huge blocks of limestones varying in
age from Carboniferous to Late Cretaceous, radiolarian cherts, mudstone, and ophiolitic rocks are
structurally dispersed. The mélange unit is tectonically overlain by an ophiolite body which includes
serpentinized harzburgite with economically important hydrothermal magnesite deposits, dunite,
pyroxenite and gabbro.

Metamorphic rocks forms locally at the base of the harzburgite blocks in the Hatip Ophiolitic Mélange to
the SW of Konya city. These metamorphic rocks are possibly the dismembered remnants of a metamorphic
sole. The scope of this paper is (1) to determine the mineralogical and chemical characteristics of the
amphiboles and (2) to constrain the conditions of amphibole crystallization in metamagmatic rocks of the
metamorphic slice from the ophiolitic mélange in the Karadigin (Meram, Konya) area.

GEOLOGICAL SETTING AND PETROGRAPHY

The investigation area is located in the south central Anatolia about ~10 km W-SW of Konya city (Fig. 1).
The lithological units in the study area are considered to be a part of Afyon-Bolkardag Zone (Okay, 1986) or
the Kiitahya- Bolkardagi Zone of (Ozcan et al, 1988), were affected by Alpine and Paleotethyan
(Cimmerian) events (Eren et al., 2004; Ozcan et al., 1990).

The Neotethyan ophiolitic units are represented by the Late Cretaceous aged Cayirbag: ophiolites and
Hatip Ophiolitic Mélange in the region. The Cayirbag1 ophiolites were made up of dark green to brown
colored, variably serpantinized peridotite, massive gabbro, banded gabbro and pyroxenites. In fault zones
and along contacts with the country rocks, serpentinization is intensive in the ultramafic rocks. On the basis
of serpantinization degree of the ultramafic rocks, Altunel (1963), Zedef (1994) and Zedef et al. (2000)
mapped three distinct units in the ophiolites; silicified and carbonated serpantinites, and serpantinized
peridotites. Within the ultramafic rocks, large stockwork type magnesite deposits were also developed. The
ophiolites obducted onto the Hatip Ophiolitic Mélange including chert-bearing limestone, mudstone,
serpantinite and detritial of ophiolitic rocks. The Neotethyan ophiolitic units obducted onto the Middle
Triassic-Upper Cretaceous Lorasdagi Formation (neritic limestone) to Midos Tepe formation (pelagic
carbonates) (Ozcan et al., 1990; Figure 2).
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Figure 1. Geological map of the Konya area (modified from MTA,2002)) with the Paleetethyan and
Neotethyan units (taken from Robertson and Ustaomer, 2009).
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Figure 2. Simplified geological map of the study area in the southwest of Konya city (from Dasci et al.
2015; Ozcan et al. 1990).
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The metamorphic soles beneath ophiolites were first specifically described by Williams and Smyth
(1973) in Newfoundland (Canada). They have restricted thickness; typically extending from a few metres
up to 500 m, but thicknesses of over 1 km have been described (e.g. MacKenzie 1960). In the study area, the
metamorphic sole has ~35 m thickness, and can be observed along a road section between Cayirbag and
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Karadigin villages (Dasci et al., 2015). 2-3-m-thick highly sheared serpentinite developed between the
metamorphic sole and the overlying peridotite. The metamorphic sole rocks develop as thin slices beneath
the sheared serpentinites and harzburgites. The metamagmatic rocks are amphibolite, epidote-amphibolite,
zoizite-amphibolite and amphibole-quartzite in composition.

ANALYTICAL METHODS

From the selected samples, fifty thin sections of were made at thin section laboratory of Department of
Geological Engineering (Selguk University, Konya), and then, their composition and texture were studied
under the microscope. Modal mineralogy was determined by point counting (2000-3000 points per thin
section, depending on grain size).  Polished sections of the samples were analyzed at the Electron
Microprobe Laboratory of Middle East Technical University, Ankara/TURKEY. Mineral analyses were
carrtied out on a JEOL JSM35 Electron Microprobe running Link QX2000 energy dispersive analytical
software, and they are presented in Tables 1. The electron beam condition was 15 keV and 15 nA. Ferric iron
estimations were calculated according to Droop (1987).

MINERALOGY

The amphibole is main constituents in the samples, in addition to the plagioclase, pyroxene, epidote and
zoizite. It is subhedral to euhedral prismatic (up to 1 mm in length) to six-sided hornblende crystals,
pleochroic from yellowish-green to brownish (Figure 3) and occasionally altered to calcite and chlorite in a
nematoblastic to granonematoblastic texture. The amphibole contains inclusions of epidote, quartz and
titanite, and show crystallographic preferred orientation. The sphene can also form as distinct crystals,
similar to the other metamorphic soles of the Tauride ophiolites such as Lycian (Koycegiz- Yesilova), Mersin
and Pozanti-Karsanti, as well as Beysehir.

Figure 3. Microphotos of the amphibolites. (a) X Nicols, (b) / Nicol. Plg: plagioclase, am: amphibole
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Figure 4. Microphotosy of the quartz-amphibolites. (a) X Nicols, (b) / Nicol. qtz: quartz, am: amphibole

Modal analyses show that amphibole content in the samples vary from 90% (amphibolite Figure 3), through
65,3 % (epidote-amphibolite), to %28,5 (amphibole- quartzite,

Figure 4). Results of the chemical analyses of the amphiboles are presented in Table 1. They are
characterized by a large variation in AIIV (0.97-1.98 a.p.f.u.) and XMg (0.63-1), and high Na content up to
0.92 a.pfu. Si correlate inversely with Al, Ti, Na and K. The amphiboles are in calcic group, and
magnesiohornblende, edenite and pargasite based on the nomenclature suggested by IMA 2012 (Hawthorne
et al., 2012; Figure 5).

DISCUSSION AND CONCLUSIONS

Existence of epidote and chlorite, and lack of metamorphic amphibole such as actinolite in the studied
amphibolites can suggest that the rocks have experienced the regional metamorphic conditions, which,
corresponding to greenschist facies. Therefore, it is unlikely that the amphiboles in the samples are of
metamorphic origin. Accordingly, high Si (a.p.f.u.) and relatively low Ca+Na+K content of the amphiboles
are in accordance with an igneous composition (Figure 6a). The amphiboles have intermediate to high
content of NaM4, suggesting a medium pressure crystallization (Figure 6b). Relatively high Si, Al and Al"
also suggests that crystallization pressure of the amphibole is <7 kb ( Figure 6c, d ). Similarly, in tholeiitic
Andaman Ophiolite (Andaman-Nicobar Islands, India), 7-8.6 kb crystallization pressure is obtained for the
cumulate pyroxenite and gabbro based on clinopyroxene thermobarometry (Saha et al., 2010). Moreover,
medium- to high-pressure (up to 10 kbar) crystal fractionation primary basaltic melts is suggested for
ultramafic cumulates of the Pozanti-Karsanti ophiolite in eastern Taurides (Turkey) based on the existence
of highly magnesian clinopyroxene and orthopyroxene together with the absence of plagioclase (Parlak et
al., 2002). The occurrence of hornblendes appears to be consistent with high Pu20 conditions in the magma
(Johannes, 1978). Dasci et al. (2015) suggest that the metabasic rocks were derived from the alkaline
(seamount) and tholeiitic (E-MORB, IAT and boninitic type) magmatic rocks from the upper part of the
Neotethyan oceanic crust.
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a wet magma in medium pressure conditions (< 7 kb) to form the upper part of the Neotethyan oceanic

crust.
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Figure 6. Compositional variations of the amphiboles in the studied amphibolites.
(a) (Ca+Na+K) vs Si (apfu) diagram after Giret et al. (1980),
(b) Na (M%) vs. Alv+Fe3 +Tv plot. High (HP), medium (MP) and low pressure (LP) fields as
defined by Laird and Albee (1981),
(c) AlVlvs Sidiagram after Raase (1974),
(d) Na (M?) vs. Alv plot. Fields as defined by Brown (1977).
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