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As known from the literature, machine learning (ML) is one of the popular researches have been used
variable areas. In this work, a novel exemplar pyramid method is presented to accurately classify
Astragalus L. taxa by using their chromosome images. To implement ML to biological images, the
proposed exemplar pyramid method is used. Histogram of Oriented Gradients (HOG) is utilized as feature
generator. The proposed exemplar pyramid method consists of preprocessing, feature generation and
concatenation, feature selection and classification phase. 10 classifiers are chosen to train and test the
extracted features. According to results, the proposed exemplar pyramid generates discriminative features.
because five of the used 10 classifiers achieved 100.0% classification rate.

© 2021. Turkish Journal Park Academic. All rights reserved.

1. Introduction

The classification of plants not only contribute to the botany
but also supports the ecology, conservation, genetics and
phytochemical studies (Wang et al, 2017). Traditional plant
taxonomy studies use morphological, phytochemical,
molecular and anatomical characters but these studies require
experts in botany and sometimes these features aren’t not
enough to solve the systematical problems (Liu and Kan, 2016).

* Corresponding author. Tel.: +0 424 237 0000; fax: +0 424 236 50 64
E-mail address: iemre@firat.edu.tr

The studies showed that new approaches such as machine
learnings are used in many areas such as financial analysis,
transportation, health care, clinical diagnosis, image
identification and also plant identification studies (Singh and
Singh, 2021). The combined use of image processing and
machine learning have greatly supplied to the solutions to
describe of plant species using images from leaves, fruits or
flowers (Guillermo et al,, 2016; Naresh and Nagendraswamy,
2016; Yigit et al, 2019). Machines perceive the objects and
evaluate the results with little or human input in the machine
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learning is an artificial intelligence approach (Singh and Singh,
2021). The image pattern identification was used to classify an
image or a desired object or region into one of categories
(Uchida, 2013). Image processing includes a series of
transforms to increase the quality of the image and the image
characteristics (Siraj et al, 2010). Histogram of Oriented
Gradient (HOG) is one of the reliable feature extraction
methods for image or pattern detection (Fernandes et al.,
2016). It splites the input images into small square cells and
later counts the histogram of gradient directions based on the
basic differences (Ebrahimzadeh and Jampour, 2014).

The goal of this study is to compare of nine Astragalus L.
(Astragalus camptoceras Bunge, Astragalus cretaceus Boiss,,
Astragalus campylorhynchus Fisch. & C.A.Mey.A., Astragalus
suberosus Banks & Sol., Astragalus leporinus Boiss. var. hirsutus
(Post) D.F.Chamb, Astragalus densifolius Lam. subsp.
densifolius, Astragalus lamarckii Boiss., Astragalus anthylloides
Lam., Astragalus odoratus Lam.) taxa by using chromosome
figures based on HOG feature extraction method. Astragalus L.,
is the biggest genus in the Fabaceae, has over the 3000 species
around the world and it is represented by 478 taxa, of which
224 are endemic in Turkey (Cegen et al., 2016; Albayrak and
Kaya, 2019). The basic chromosome number of Astragalus L.
species varied from x:7,8,11-15 (Sheidai et al, 2009). Also,
Gedik et al. (2019) found that somatic chromosome numbers
of nine Astragalus taxa in this study are 2n:2x:16, 32 and
2n:4x:32 chromosomes. They indicated that Astragalus taxa
have metacentric and sub-metacentric chromosomes and one
of them (A. densifolius Lam. subsp. densifolius) has sat-
chromosome (Gedik et al, 2019). Although the chromosome
morphology studies were largely used in classification studies,
calculations and the determination of other characters in these
studies are done manually using traditional methods that are
open to error. Therefore this study aims to prevent such errors
by using machine learning.

2. Dataset

Plant materials were collected from natural habitats and
samples were stored in Bitlis Eren University Herbarium
(BEUH). Karyological analysis of nine Astragalus L. taxa was
conducted based on the method proposed by Elci (1982).
Microphotographs of 387 cells in the metaphase stage of
mitosis belong to each species were taken using Olympus BX51
light microscope after staining process completed. The
chromosome images of nine Astragalus species were utilized as
input for the proposed method. Attributes of the used dataset
were given as follows. The used dataset consists of nine classes.
There arel9-57 images in the 1st-9th class (1st class is
Astragalus camptoceras Bunge; 2nd class is Astragalus cretaceus
Boiss.,, 3rd class is Astragalus campylorhynchus Fisch. &
C.AMey.A, 4t class is Astragalus suberosus Banks & Sol., 5th
class is Astragalus leporinus Boiss. var. hirsutus (Post)
D.F.Chamb, 6th class is Astragalus densifolius Lam. subsp.
densifolius, 7t class is Astragalus lamarckii Boiss., 8th class is
Astragalus anthylloides Lam., 9t class is Astragalus odoratus
Lam.). These images were RGB and were JPG. Size of these
images were 3072 x 2304.

23

3. A Histogram of Oriented Gradients based
Exemplar Pyramid Method

The main purpose of this study is to automatically classify
Astragalus specifies by proposing a new ML method. To
achieve this goal, a new hand-crafted feature generation and
concatenation method is presented. The presented method is
named as HOG based exemplar pyramid method. The proposed
HOG based exemplar pyramid method is inspired by deep
learning methods. Deep learning methods can extract low level,
medium level and high level features but they have long
execution times because need millions parameters set.
Therefore, we presented a hand-crafted feature extraction
method to obtain low level, medium level and high level
features. Schematical demonstration of the proposed HOG
based exemplar pyramid method was shown in Fig. 1.

Astragalus
Cromosome Image

Feature extraction
from each exemplars

Exemplar
division

i=1to 5

Average pooling Concatenated
features

NCA based
feature
selection

Figure 1. Schematical explanation of the proposed HOG based
exemplar pyramid image classification method

Psuedo code of the proposed exemplar pyramid method was
also shown in Algorithm 1 for better understanding. Algorithm
1 summarized the proposed HOG based exemplar pyramid
image classification method.

Algorithm 1. Psuedo code of the proposed HOG based exemplar
yramid method.

Size of image in each level

Input: Microscopic Astragalus image (Im) with size of 3072 x 2304 x 3.
Output: Predicted values (PV) with length of 387.

0: Load microscopic Astragalus image.

1: Apply RGB2Gray conversion to Im.

2: Resize gray level Im to 512 x 512.

3:fori=1to 5 do // Create levels

4 counter = 1;

5 [m, n] = size(Im);

6: for k=1 to m step by 32 do // Divide 32 x 32 sized exemplars into Im.
7 for I=1 to n step by 32 do

8 Exm = Im(k:k + 31:1:1 + 31);

9: feature((counter — 1) * 324 + 1: counter * 324) = HOG(Exm);
10: counter = counter + 1;

11: end forl

12: endfork

13: Im = averagePool(Im); // Apply average pooling to Im.

14: end fori
15: Select 128 most discriminative features.
16: Classify selected 128 features.
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Phases of the proposed HOG based exemplar pyramid image
classification method were explained in sub-sections for better
understanding.

3.1. Preprocessing

Size of the used Astragalus Chromosome images is 3072 x 2304
x 3 and these microscopic images were color (RGB images). In
the used preprocessing phase, RGB2Gray conversion and
image resizing were used and steps of this phase are given as
below.

Step 1: Apply RGB2Gray transformation to Raw Astragus
image. Mathematical notation of the RGB2Gray transformation
was given in Eq. 1.

gray =Im(:,:,1) ¥ 0.299 + Im(:,:,1) * 0.587 + Im(:,:,1) * 0.114 (1)
where gray was grayscale image with size of 3072 x 2304.
Step 2: Resize grayscale image to 512 x 512 sized image.

gray = imresize(gray, 512 x 512) (2)

where imresize defines resizing function.
3.2. Exemplar division

The proposed Astragalus chrosome image classification
method was an exemplar classification method. To extract
features in detail, exemplar feature extraction with levels were
used. Therefore, the second phase of the proposed Astragalus
chrosome image classification method were exemplar division.
The generated 512 x 512 sized gray level image was divided
into exemplars with size of 32 x 32.

Step 3: Divide 32 x 32 sized exemplars to image.

Exm¥* = gray(i:i + 31,j:j + 31) (3)
i={133,..,row} (4)
j=1{133,..,col} (5)
k=12, ool

TR (6)

Where Exm* kth exemplar, i and j describe indices of the
image, row and col are number of rows and coloumns of the
preprocessed Graylevel image.

3.3. Feature Extraction with Histogram of Oriented
Gradients

HOG is one of the mostly known image descriptors and has
been widely used for computer vision studies. The use of the
HOG algorithm, which can also be called characteristic of the
orientation (8) and magnitude values of the pixels in the image
in recent years, has received a lot of attention in many areas. It
is an effective local image descriptor and calculates oriented
gradients. The mathematical representation of the HOG
method is as Egs. 7-10.

G, =M, © Exm (7)
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G, =M, © Exm (8)

G = ,G,? + G2 9)
— GX

a= arctan(G—y) (10)

where My, M,, represent convuloution matrixes. To calculate
graiends of and exemplar, convulotion process is used and ©®
represents convolution operator. G, and G, gradients of the
used exemplar by using M, and M,,. G is oriented graidents
and a angel of the gradients. By using histograms G and a, HOG
features are obtained.

In this study, we used HOG for automated classification of the
microscopic images of the Astragalus chromosomes.
Step 4: Generate features using HOG and each examplers.
k — k

feat” = HOG(Exm™) (11)
where feat is kth feature of k! exemplar with size of 324.
Step 5: Concatenate features of each exemplar to obtain level
features.

feat'e¥® = feat'|feat? ...|feat (12)
where feat'¢v¢! features of level, | is concatenation operator.
We created five levelled pyramid by using average pooling.

3.4. Average Pooling

Average pooling has been widely used in the deep networks to
create layers and reduce dimensionality of the features or
images. It is basic and effective method. To create pyramid,
average pooling is used.

Step 6: Reduce dimension of the image using average pooling
with 2 x 2 sized non-overlapping blocks.

level level

gray{s + graylid + gray!ese
4

level
+ gray; 5
level+1 a i+1,j+1

grays (13)

where r and c indices of the pooled image.

Then, pooled image is divided into exemplars and features
extraction process (HOG) is implemented. Steps 3-6 are
repeated five times and each level features are concatenated to
obtain final feature with size of 110,484.

3.5. Feature selection with NCA

The obtained final feature vector was very large. Therefore, a
feature selector should be used. NCA was selected as feature
selector in this work. NCA computes weights of each features
and these weights represents strength of the used features. It
was used for classification and regression because uses
gradient optimization methods (stochastic gradients descent,
adam) to calculate weights. Disctances from features were
calculated by Manhattan distance. In this view, NCA similar to
1NN. Steps of the NCA based feature selection phase were given
as below.

Step 7: Normalize final features in range of from 0 to 1. To
calculate correct weights, normalization should be used
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because NCA is a distance based feature selector.

feature — feature,,

feature =

featurey,, ., — feature,in (14)
Step 8: Generate weights using NCA.
weights = NCA(feature) (15)

Step 9: Sort weights from large to small and calculate indexes
of the ordered weights.

[sorted, indexes] = sort(weights) (16)

Step 10: Select 128 most disciriminative feature using indexes.

feat{ = featuremgexes,, i = {1,2, ...,128} (17)

where featS defines selected 128 most discriminative features
according to NCA.

3.6. Classification

Classification was final phase of the proposed HOG based
exemplar pyramid method. 128 most discriminative features
were forwarded to conventional classifiers. To use classifiers,
MATLAB Classification Learner (MCL) Toolbox was chosen.
There were 23 classifiers in the MCL and these classifiers can
be grouped as Trees, Discriminants, Support Vector Machines,
KNNs and Ensemble Classifiers. We selected Fine Tree (FT),
Linear Discriminant (LD), Quadratic SVM (QSVM), Cubic SVM
(CSVM), Medium Gaussian SVM (MGSVM), Fine KNN (FKNN),
Weighted KNN (WKNN), Ensemble Subspace Discriminant
(ESD), Ensemble Subspace KNN (ESKNN) and Ensemble
Bagged Tree (EBT). 10 of the 23 classifiers of the MCL were
used in the classification phase to obtain comprehensively
results and default settings of these classifiers were used. Tests
were validated using 10-fold cross-validation.

4. Results and Discussions

Various studies have shown that deep learning techniques
achieve good results in plant classification. (Grinblat et al,,
2016; Sun et al., 2017). For example, Grinblat et al. (2016)
demonstrated the succesful results of deep learning in the
plant identification by using leaf vein images. Also, Sun et al.
(2017) used deep learning models to design plant classification
in the natural habitats and they found that the achievement
ratio of model was determined 91.78% (Sun et al, 2017).
Similarly, Kayhan and Ergiin (2020) classified the medicinal
and aromatic plants by using several machine learning
techniques and their results showed that plants were
diagnosed in the correct classifications.

In this study, numerical results of the used 10 classifiers were
presented. These 10 classifiers were used for validation to
illustrate success of the proposed HOG based exemplar
pyramid feature extraction method. The mostly used
performance parameter for the classification was accuracy
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(ACC). ACC has very simple mathematical. It is calculated by
dividing the number of correctly predicted observations by the
number of observation. Formula of ACC was given as Eq. 18.

aCC = NTPO
- NO

(18)

ACC: Classification accuracy

NTPO: Number of true predicted observations.

NO: Number of observation.

We used 10 classifiers in five groups and these groups are tree,
discriminant, SVM, KNN and ensemble. Tests were performed
by using 10-fold CV. It means of the proposed method was a
robust method. Calculated ACC are listed in Table 1.

Table 1. Calculated ACC rates using tree, discriminant, SVM, KNN and
ensemble classifiers.

Group Name ACC Training
Time
(sec)
Tree Fine Tree 74.16% 1.43
Discriminant  Linear Discriminant 99.48% 0.64
KNN Fine KNN 100.0% 4.88
Weighted KNN 99.48% 5.61
SVM Quadratic SVM 100.0% 4.55
Cubic SVM 100.0% 4.43
Medium Gaussian  100.0% 7.43
SVM
Ensemble Ensemble Subspace 98.70% 9.88
Discriminant
Ensemble Subspace 100.0% 9.79
KNN
Ensemble Bagged 97.42% 11.05
Tree

As seen from Table 1, FKNN, QSVM, CSVM, MGSVM and ESKNN
classifiers achieved 100.0% ACC. Table 1 clearly demonstrates
that the used 5 of 10 classifiers achieve the best ACC. The worst
classifiers was FT according to ACC. Ensemble classifiers has
high training time because their training times are higher than
9 second. The fastest classifier was LD and it trained the
selected feature set in 0.64 second and it achieved 99.48%
success rate. Confusion matrixes of the used classifiers were
shown as below (Fig 2a-j).

ar 1 1 a

a4 1

(a)Confusion matrix of FT.
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Figure 2a-j. Confusion matrixes of the used classifiers

It was indicated that the chromosome numbers of Astragalus
were varied from x=7,8,11-15 and it was suggested that the
basic chromosome numbers can be used as taxonomical tool to
distinguish the Astragalus taxa (Sheidai etal., 2009; Gedik et al.,
2019). A karyological study done by Gedik et al. (2019)
demonstrated that A. campylorhynchus, A. suberosus, A.
densifolius subsp. densifolius (has sat-chromosomes), A.
cretaceus, A. leporinus var. hirsutus, A. anthylloides, A. odoratus
have 2n=16 while A. lamarckii has 2n=32 and A. camptoceras,
2n = 2x = 16 and 2n = 4x = 32 tetraploid chromosomes.
Additionally, it was shown that A. cretaceus and A. densifolius
subsp. densifolius were located same section according to the
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Flora of Turkey (Davis, 1988), And also, Emre et al. (2011)
demonstrated that A. camptoceras, A. suberosus, A. densifolius
and A. cretaceus have similar total and some individual
saturated and unsaturated fatty acid compositions. However, it
was showed that the used all of classifiers except for FT
classified successfully separated and classified Astragalus taxa
based on chromosome images (Table 1; Figure 2a-j).

4. Conclusions

In this study, a novel HOG based exemplar pyramid feature
extraction method is presented. The main goal of the proposed
HOG based exemplar pyramid iterative feature extraction is to
generate distinctive features of the Astragalus species by using
chromosome images. HOG is chosen as feature extractor and it
generates features from each exemplar. By using pyramid
method, features are extracted from exemplar of image and
whole image. NCA reduced dimension of the extracted and
concatanted features from 110,484 to 128. To illustrate
success of the HOG based exemplar pyramid feature extraction
method, 10 classifiers were chosen and five of them achieved
100.0% classification accuracy. Training times of the used
classifiers were also listed in Table 1 to comprehensively
comparison. Merits of the automated Astragalus chromosome
image classification method;

e An Astragalus chromosome Image dataset is
collected. This dataset acquires images of the 9
specifies.

e 100.0% classification accuracy was achieved.
Therefore, it was suggested that the HOG can be
contribute to taxonomical studies in addition to
traditional taxonomical approaches including
morphological and biochemical parameters.

e A cognitive biological image classification method is
presented because there is no need set millions
parameters.

e The proposed method has a high performance
because 100.0% CA was obtained.

e Novel automated specifies classification application
can be developed by using the proposed method.
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structural characteristics was selected. The results were obtained by using both ground motion levels and
design spectra for four provinces. With this study, both the earthquake hazard and the ground motion level
change were examined separately. It was determined that the two variables significantly changed the target
displacement values expected from the structure.
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1. Introduction

Renewal and improvement is inevitable in earthquake
resistant building design rules over time. In addition, since the
building and construction technologies have developed, the
rules related to these should also be added to the seismic
design codes. In this context, this process continued in Turkey
with the studies carried out over time. Earthquake resistant
building design rules, which started in the 1940s, were
renewed on different dates and used within the scope of
structural design, analysis and evaluation. The seismic design
code, which has been used since 2007, was finalized in 2018
with the necessary updates and additions. One of the important
additions was made at earthquake ground motion levels. In the
previous code, only earthquake ground motion level, which
had a recurrence period of 475 years and was expressed as a
standard design earthquake, was used. However, with the
current code, four different earthquake ground motion levels
with different recurrence periods and exceedance
probabilities have been specified. The earthquake parameter
and design spectra differ for each ground motion level.

* Corresponding author. Tel.: +0 434 222 0030; fax: +0 434 222 9145
E-mail address: eisik@beu.edu.tr
ORCID : 0000-0001-8057-065X (E.Istk), 0000-0002-3268-9733 (E.Demirkiran)
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The usage of site-specific design spectra is also one of the
important updates with current code. Seismicity parameters
and design spectra are obtained specifically for any location
and show differences with this update. The design spectra can
be obtained by using the local soil conditions and seismicity
parameters of any location together (Isik et al., 2020; Karasin
et al, 2020). The differentiation of the design spectra
significantly effects the expected target displacements from the
buildings. Damage estimation and realistic performance of
buildings depend on the correct determination of design
spectra (Kutanis et al,, 2018; Isik et al., 2016).

There are many studies examining the changes between the
last two regulations. In these studies, earthquake force
calculation methods, base shear forces, displacements, period,
target displacements, spectrum curves and section damage
values were examined and compared (Isik etal,, 2021; Aksoylu
et al,, 2020; Aksoylu and Arslan, 2021; Keskin and Bozdogan,
2018; Koger et al., 2018; Bozer, 2020; Ulutas, 2019; Adar et al,,
2021; Seyrek, 2020; Biiyiiksarac et al,, 2021; Bagaran, 2018;
Nemutlu and Sari, 2018; Isik et al,, 2021a; Yalin and Ulutas,
2021; Peker ve Isik, 2021; Akyildiz et al,, 2021). In the study
conducted by Basaran and Higyilmaz (2020), the effects of
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different earthquake ground motion levels on reinforced-
concrete frames were examined. The results obtained by
considering different local ground conditions and four
different ground motion levels for Afyon province were
compared.

Within the scope of this study, four different provinces located
in different earthquake zones were selected and earthquake-
structure parameters were obtained for four different
earthquake ground motion levels for each province. Design
spectra were obtained by considering different ground motion
levels for each province. Structural analyses were carried out
using these obtained design spectra. Base shear forces, elastic
and effective stiffness values and target displacement values
expected from the structure were obtained for four different
ground motion levels, separately. Two different variables were
selected in this study such four different provinces located in
different earthquake zones and four different ground motion
levels. In this study, the interaction of these two variables was
tried to be examined.

2. Comparison of Earthquake Parameters

While selecting different provinces within the scope of this
study, four different provinces located in different earthquake
zones were selected in the previous earthquake zone map. As
Erzincan 1st degree earthquake zone; Adana is a 2nd degree
earthquake zone; Giimiishane was chosen as the 3rd degree
earthquake zone and Ankara as the 4t degree earthquake
zone. The representation of these selected provinces on the
current earthquake hazard map is given in Figure 1.

(o
Turkish Earthquake Hazard Map Y

Figure 1. Turkish Earthquake Hazard Map and the studied locations

In TSDC-2007, while only the standard design earthquake
ground motion with a recurrence period of 475 years and a
probability of exceedance of 10% in 50 years was taken into
account, three more ground motion levels with a probabilities
of exceedance in 50 years were added in the current code. Four
different earthquake ground motion levels in the current code
are given in Table 1.

Table 1. Earthquake ground motion levels (TEBC-2018)

Earthquake Recurrence Probability of Description

Level Period Exceedance

DD-1 2475 2% Largest arthquake

DD-2 475 10% Standard
earthquake

DD-3 72 50% Frequent
earthquake

DD-4 43 68% Service
earthquake
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Earthquake parameters for any geographic location can be
obtained very easily and practically with the help of Turkey
Earthquake Hazard Maps Interactive Web Application. The
application gives earthquake parameters and design spectra,
taking into account the earthquake ground motion level and
local soil classes, in accordance with the current code. In this
study, the ZC local soil type in TBEC-2018 was taken into
accountin order to reveal the changes in the structural analysis
results. The peak ground acceleration (PGA), the peak ground
velocity (PGV), map spectral acceleration coefficients (Ss and
S1),local ground effect coefficients (Fs and F1) for four different
provinces were obtained for different ground motion levels.
The design spectral acceleration coefficients (Sps and Sp1) were
obtained separately. Horizontal and vertical elastic design
spectra were obtained with the help of the application. The
comparison of PGA and PGV values for different earthquake
ground motion levels is shown in Table 2.

Table 2. The comparison of PGA and PGV for selected provinces

PGA (g) PGV(cm/s)
Probability of
Probability of
Province exceedance in 50
exceedance in 50 years
years
2% 10% 50% 68% 2% 10% 50% 68%
Erzincan 1.09 060 022 015 7461 3934 124 838
Adana 045 023 0.08 006 2416 1133 456 3.29
Glimiigshane 035 0.18 0.07 0.05 2195 11.89 526 3.71
Ankara 030 0.5 0.6 0.04 1793 1017 433 3.16

The comparison of the short period map spectral acceleration
coefficient (Ss) and the map spectral acceleration coefficient
(S1) for the 1.0 second period for different probabilities of
exceedance in 50 years are shown in Table 3.

Table 3. Comparison of map spectral acceleration coefficients

Ss S1
Probability of
Probability of
Province exceedance in 50
exceedance in 50 years
years
2% 10% 50% 68% 2% 10% 50% 68%
Erzincan 271 144 050 033 084 041 013 0.09
Adana 1.07 053 019 0.13 0.26 0.13 0.05 0.04
Gimiighane 085 043 016 011 0.26 0.13 0.06 0.04
Ankara 0.70 035 0.13 0.09 0.21 0.12 0.05 0.04

The comparison of spectral acceleration coefficients was made
only for DD-2 ground motion level. The reason for this is that
in the previous earthquake code, only the ground motion level
with a recurrence period of 475 years and a probability of
exceedance 10% in 50 years was used. The comparison of the
spectral acceleration coefficients according to the last two
seismic design codes is shown in Table 4. No comparisons were
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made in the vertical direction since there were no vertical
values in the previous code.

Table 4. Comparison of spectral acceleration coefficients

Spectral Acceleration
Corner Periods
Coefficient
DD-2
All soil types ZC ZC ZC
TSDC-2007  TBEC-2018  TSDC-2007 TBEC-2018
PROVINCE
Sps 0.40Sps Sps 0.40Sps Ta Ts Ta Ts
Erzincan 1 040 1726 0.690 0.15 0.60 0.072 0.360
Adana 075 030 0682 0273 015 060 0.058 0.288
Gimishane 5o 050 0554 0223 015 060 0081 0404
Ankara 025 010 0448 0.179 015 0.60 0.080 0.401

With the updated code, local ground effect coefficients (Fs and
F1) were used for the first time. The short period map spectral
acceleration coefficient for the period of 0.2 s (Ss) and map
spectral acceleration coefficient for the period of 1.0 s (S1) was
also obtained for all locations. Horizontal elastic design
acceleration spectrum corner period (Ta and Ts) and vertical
elastic design acceleration spectrum corner period (Tap, and
Tsp) were obtained from the application. The results obtained
for the same ground motion levels for four different provinces
with different seismicity characteristics and considered within
the scope of the study were also compared. The comparison of
the earthquake parameters obtained for DD-1, which is called
the largest earthquake, is shown in Table 5.

Table 5. The comparison of earthquake parameters for DD-1

Province Fs F1 Sps  Sp1 Ta Te  Tap Teo

Erzincan  1.200 1.400 3.256 1.169 0.072 0.359 0.024 0.120

Adana 1.200 1.500 1.283 0.387 0.060 0.302 0.020 0.101

Glimiighane 1.200 1.500 1.015 0.393 0.077 0.387 0.026 0.129

Ankara 1.221 1500 0.851 0.318 0.075 0.374 0.025 0.125

The comparison of the earthquake parameters obtained for
DD-2, which is called the standard design earthquake, is shown
in Table 6.
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Table 6. The comparison of earthquake parameters for DD-2

Fs F1 Sps  Sp1 Ta Ts Tap

Province

Erzincan  1.200 1.500 1.726 0.621 0.072 0.360 0.024 0.120

Adana 1.288 1.500 0.682 0.197 0.058 0.288 0.019 0.096

Giimiighane 1.300 1.500 0.554 0.224 0.081 0.404 0.027 0.135

Ankara 1.300 1.500 0.448 0.180 0.081 0.404 0.027 0.135

The comparison of the earthquake parameters obtained for
DD-3, which is called the frequent earthquake, is shown in
Table 7. DD-4, which is called the service earthquake, is shown
in Table 8.

Table 7. The comparison of earthquake parameters for DD-3
Fs F1 Sps  Sp1 Ta Ts Tap

Province Tsp

Erzincan  1.300 1.500 0.650 0.199 0.061 0.307 0.020 0.102

Adana 1.300 1.500 0.246 0.076 0.062 0.311 0.021 0.104

Giimiighane 1.300 1.500 0.204 0.091 0.090 0.448 0.030 0.149

Ankara 1.300 1.500 0.169 0.076 0.091 0.453 0.030 0.151

Table 8. The comparison of earthquake parameters for DD-4
Fs F1 Sps  Sp1 Ta Tse  Tap

Province Tsp

Erzincan  1.300 1.500 0.434 0.129 0.059 0.297 0.020 0.099

Adana 1.300 1.500 0.168 0.054 0.064 0.322 0.021 0.107

Giimiishane 1.300 1.500 0.140 0.065 0.092 0.459 0.031 0.153

Ankara 1.300 1.500 0.122 0.056 0.091 0.454 0.030 0.151

Comparison of horizontal and vertical elastic design spectra
obtained for different earthquake ground motion levels for the
provinces considered in the study was also made. Comparison
of the design spectra obtained for different ground motion
levels for the province of Erzincan is shown in Figure 2.

Erzincan - Horizontal Erzincan - Vertical

Figure 2. Comparison of the design spectra obtained for different
ground motion levels for Erzincan province

The comparison of the horizontal and vertical elastic design
spectra obtained for the DD-2 ground motion level, which is the
standard design earthquake, for four different provinces is
shown in Figure 3.
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Horizontal Vertical

u ’L
Figure 3. Comparison of the design spectra obtained for different
ground motion levels for all provinces

The earthquake parameters obtained for different earthquake
ground motion levels have taken different values for provinces
with different seismicity conditions for same local soil type. In
addition, earthquake parameters changed as the probability of
exceedance in 50 years changed for each province. Among the
provinces considered within the scope of the study, the map
PGA, PGV and map spectral acceleration coefficients (Ss and S1)
had the highest values in Erzincan. The lowest values were
obtained for Ankara. The local soil coefficients Fs and F1 values
were equal to each other except for very slight differences,
since the local soil type did not change. The variation of the
local soil coefficients (Fs and F1) directly affects the Sps and Sp1
parameters. The short period design spectral acceleration
coefficient (Sps) has the highest value in Erzincan and the
lowest value in Ankara.

3. Comparison of Structural Analyses Parameters

Pushover analysis is the one of the commonly used approaches
to determine the seismic capacities of buildings in the design
and evaluation of structures (Estévdo and Oliveira, 2015;
Ademovic et al., 2013; Karakas et al,, 2018; Bilgin and Frangu,
2017). This type of analysis was also used in this study. Typical
pushover curve and all displacements calculated for structural
analysis are shown in Figure 4.

Yield Intermediate
== —

T —
/'é e N

SD

Base Shear (kN)

/ — Idealized Curve
— Pushover Curve

Displacement (m)
Figure 4. Typical pushover and idealized curves and calculated
displacements

In performance-based earthquake engineering, it is important
to determine target displacements for damage estimation
when certain performance limits of structural elements are
reached. In the structural analysis, limit states given in
Eurocode-8 (Chapter 3) (Eurocode, 2005; Pinto and Franchin,
2011) for worldwide used damage estimation were taken into
account. Accordingly, the proposed limit states are shown in
Table 9.
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Table 9. Limit states in Eurocode 8 (Part3)

Limit State Description

o Only lightly damaged, damage to non-
Damage Limitation

structural components economically
(DL)

repairable
Significantly damaged, some residual
Significant Damage strength and stiffness, non-structural
(SD) components damaged, uneconomic to
repair
Heavily damaged, very low residual
Near Collapse (NC) strength and stiffness, large permanent

drift but still standing

A 6-storey reinforced-concrete building was chosen as an
example. Since the structure was chosen as symmetrical,
structural analyses were carried out only in the X direction
with Seismostruct software (Seismosoft, 2018). There is no
irregularity in the selected reference building. In the RC sample
building model, C25-5420 was chosen as the material. $10/10
is chosen as transverse reinforcement for both columns and
beams. The longitudinal reinforcement for the columns is
4$20 at the corners and 8¢16 for the other longitudinal
reinforcements. For the beams, 4¢14 was chosen in the lower
and upper regions and 2¢12 was chosen as the body
reinforcement. The blueprint of the considered reinforced-
concrete structure is given in Figure 5.

©

400cm  ——
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Figure 5. The blueprint of sample RC building

The 3D finite element model of the sample RC building is given
in Figure 6.
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Figure 6. The 3D model of the sample building

The sample RC building was analysed in all provinces without
changing its structural properties. The natural vibration period
for the sample RC building was obtained as 0.351 s for all
provinces and all ground motion levels.

Comparison of structural results obtained for DD-1 ground
motion level was shown in Table 10; comparisons for DD-2
ground motion level was in Table 11; the comparison of the
results for the DD-3 ground motion level was shown in Table
12 and the comparison of the results obtained when the DD-4
ground motion level was shown in Table 13. The elastic
stiffness value (K_elas) and effective stiffness (K_eff) values for
each structural model were obtained directly using the
stiffness reduction coefficients predicted in the algorithm.

Table 10. Comparison of results for DD-1 ground motion level

Base
Province Shear K_elas K.eff DL SD NC
(kN)
Erzincan 6434.74 174945.59 82880.23 0.137 0.179 0.318
Adana 6434.74 17494559 82880.23 0.053 0.068 0.124
Gimushane 6434.74 174945.59 82880.23 0.042 0.054 0.095
Ankara 6434.74 174945.59 82880.23 0.035 0.045 0.078
Table 11. Comparison of results for DD-2 ground motion level
Base
Province Shear K_elas K-eff DL SD NC
(kN)
Erzincan 6434.74 174945.59 82880.23 0.071 0.093 0.169
Adana 6434.74 174945.59 82880.23 0.027 0.035 0.061
Gimiigshane 6434.74 174945.59 82880.23 0.022 0.028 0.048
Ankara 6434.74 174945.59 82880.23 0.018 0.023 0.039
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Table 12. Comparison of results for DD-3 ground motion level

Base
Province Shear K_elas Keff DL SD NC
(kN)
Erzincan 6434.74 174945.59 82880.23 0.026 0.033 0.057
Adana 6434.74 174945.59 82880.23 0.010 0.0128 0.022
Giimiishane 6434.74 174945.59 82880.23 0.008 0.011 0.018
Ankara 6434.74 174945.59 82880.23 0.007 0.009 0.015
Table 13. Comparison of results for DD-4 ground motion level
Base
Province Shear K_elas K.eff DL SD NC
(kN)
Erzincan 6434.74 174945.59 82880.23 0.018 0.0230 0.039
Adana 6434.74 174945.59 82880.23 0.0068 0.0087 0.015
Giimiishane 6434.74 174945.59 82880.23 0.006 0.0073 0.013
Ankara 6434.74 174945.59 82880.23 0.005 0.006 0.011

There was no change in the natural vibration period for the
sample RC building with the same structural properties, since
the structural properties did not change. This situation
remained valid for the base shear force, elastic and effective
stiffness values of the structure and no change was obtained.
The target displacement values expected from the structure at
different earthquake ground motion levels for each province
have changed significantly. As the probability of exceedance for
the province decreases, that is, in case of larger earthquakes,
the displacement demands have taken on higher values. These
values decreased in smaller earthquakes that were more
frequent. When the values obtained for different provinces are
compared, in case the PGA values increase, the displacement
values to be used in the performance evaluation of the
buildings also increased significantly. DD-2 earthquake ground
motion with a recurrence period of 475 years and a probability
of exceedance of 10% in 50 years, which is the standard design
earthquake level, is taken into account as an example for the
comparisons between the maximum ground acceleration
(PGA) obtained and the target displacements. The comparison
of PGA values and target displacement values obtained for this
ground motion level is shown in Table 14.

Table 14. Comparison of PGA and target displacement values

Province PGA (g) DL SD NC
Erzincan 0.598 0.071 0.093 0.169
Adana 0.232 0.027 0.035 0.061

Giimuishane 0.182 0.022 0.028 0.048
Ankara 0.149 0.018 0.023 0.039
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4. Conclusions

Earthquake ground motion levels are expressed with different
probabilities of exceedance with the current seismic design
code. The number of one ground motion level in the previous
code was increased to four. Within the scope of this study, four
different ground motion levels specified in the current seismic
design code were chosen as the first variable. In addition, with
the current code, earthquake parameter and site-specific
design spectra for studied geographical location are obtained.
Four different geographical locations were chosen as the
second variable. Erzincan for the 1st degree earthquake zone;
Adana for the 2nd degree earthquake zone; Giimiishane for the
3rd degree earthquake zone and Ankara for the 4t degree
earthquake zone was taken into consideration. Firstly,
earthquake parameters were obtained for both ground motion
levels and provinces. Structural analyses were carried out for a
sample RC building using the obtained design spectra.

Since the structural properties did not change, there was no
change in the base shear forces, elastic and effective stiffness
values obtained. However, as the design spectrum values
changed, the target displacement values used for damage
estimation in structures changed significantly. This has once
again revealed that the performance levels and damage
estimates for the structures will be more realistic. In this
context, it shows that the usage of site-specific design spectra
with the current code is an important gain.

Percentages of change between TSDC-2007 and TBEC-2018 in
the design spectral acceleration coefficient (Sps) for ZC local
soil for the short period; 72.6% in Erzincan, 9.07% in Adana,
10.8% in Gluimiishane and 79.2% in Ankara. Design spectral
acceleration coefficient (Sp1) for 1.0 second period,
percentages of change between TSDC-2007 and TBEC-2018 for
ZClocal ground; Erzincan province has 72.5%, Adana province
9.0%, Glimiishane province 11.5% and Ankara province
79.0%. The percentages of change for the design spectral
acceleration coefficient for the short period of the values
obtained from DD-1, which is called the largest earthquake, to
DD-4, which is the service earthquake ground motion level;
There is a decrease of 86.67% in the province of Erzincan,
86.91% in the province of Adana, 86.21% in the province of
Giimtishane and 85.66% in the province of Ankara.

For the peak ground acceleration (PGA) value, as the
probability of exceedance in 50 years increases by 2%, 10%,
50%, 68%; there is a decrease of 86.49% in Erzincan, 87.33%
in Adana, 86.44% in Giimiishane and 85.81% in Ankara. For the
peak ground velocity (PGV) value, as the probability of
exceedance in 50 years increases by 2%, 10%, 50%, 68%; there
is a decrease of 88.76% in Erzincan, 86.40% in Adana, 83.09%
in Glimiishane and 82.36% in Ankara.

If the same local soil condition is taken into account, the short
period map acceleration coefficient (Ss) increases as the
probability of exceedance in 50 years increases according to
2%, 10%, 50%, 68% at different earthquake ground motion
levels; there is a decrease of 87.67% in Erzincan, 87.93% in
Adana, 87.23% in Glimiishane and 86.51% in Ankara. The map
spectral acceleration coefficient (S1) for the 1.0 second period
increases as the probability of exceedance in 50 years
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increases according to 2%, 10%, 50%, 68% at different
earthquake ground motion levels; there is a decrease of
89.70% in Erzincan, 86.05% in Adana, 83.59% in Giimiishane
and 82.55% in Ankara.

Percentage of change in target displacement values from DD-1
to DD-4 for different earthquake ground motion levels for each
province; Erzincan province DL 86.86%, SD 87.15%, NC
87.84%; Adana province DL 87.17%, SD 87.21%, NC 87.90%;
Gilimiishane province DL 85.71%, SD 86.48%, NC 86.73% and
Ankara province DL 85.71%, SD 86.67%, NC 85.90%.
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In this study, pollen morphologies of eleven species of the Epilobium L. genus belonging to
Onagraceae family were investigated under light and scanning electron microscopy. Solutions to
taxonomic problems of these species were sought with palynological information. The
characteristics of the genus Epilobium L. studied as a result of palynological studies are as follows:
It has been determined that their pollen grains have tetrad, angulaperturate, 3-zonoporate (rarely
2,4 porate), suboblate and oblate-spheroidal pollen shapes, and have baculate, baculate-rugulate,

and rugulate ornamentation.
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1. Introduction

The Onagraceae family having very rich and widespread
genera and species are represented by nearly 20 genera and
656 species in the world (Raven, 1962a; Heywood etal., 2007).
The genus Epilobium L. (Onagraceae) contains about 200
species that grow in the subarctic, temperate, and subantarctic
regions in the world (Walter et al. 2007). Epilobium are mostly
herbs. However, few of them are annual or perennial
subshrubs. In total, 22 Epilobium species have been reported in
Turkey (Okur 2019). Epilobium is a very difficult genus due to
its very similar appearance and high probability of
hybridization among almost all taxa (Makbul 2008).

Palinomorphology of Onagraceae has been examined by many
authors (Erdtman, 1952; Mitroiu, 1963; Ting, 1966; Brown,
1967; Skvarla, etal,, 1978-2008; Keri & Zetter, 1992; Praglowsi
et al, 1994; Rowley & Claugher, 1996; and Rowley & Skvarla,
2006). Mosquin (1966) examined two subspecies of E.
angustifolium according to their morphology; E. angustifolium

* Corresponding author. Tel.: +0 434 222 00 20
E-mail address: bbaser@beu.edu.tr

L. subsp. circumvagum Mosquin taxon is tetraploid (n=36) and
E. angustifolium L. subsp. angustifolium is diploid (n=18) and
hexaploid (n=54). Tetraploid taxa with three and four pores,
and diploid taxa having pollens with three pores are found
together. Brown, (1967) stated that in the Epilobieae tribe,
which also includes the Epilobium pollen grains are seen as
either monads or tetrahedral tetrads. The pollen of tetraploid
taxa is larger than the pollen of other taxa whereas, pollen
grains with four pores are denser in hexaploid taxa. Punt et al,,
(2003) comprehensively studied pollen morphology of the
Onagraceae from Northwest Europe. Skvarla et al, (2008)
examined pollen morphology of Epilobium Iuteum of
Onagraceae belonging to tribe Onagreae. Makbul et al., (2008)
studied the anatomical and pollen morphological characters of
the genus Epilobium from Northwest Anatolia and reported
that anatomical features are more important than
palynological features for explaining the variation among these
taxa. Skvarla et al,, (2008) observed that the pollen grains of
the genus Epilobium has both monad and tetrahedral tetrad
structure.

ORCID : 0000-0002-9305-8759 (B. Baser), 0000-0002-7367-9697 (N. Akay) , 0000-0002-0861-4213 (M. Kiirsat)
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Punt et al,, (2003) and Makbul et al., (2008) determined that
the pollen shape of the Epilobium taxon was suboblate or
oblate and the pollen shape contributed significantly to the
differentiation of the Epilobium taxon. Erdtman, 1960; Punt et
al.,, 2003 revealed that there is a fine connection between the
tetrad and monad pollen spreads by breaking this connection
with the acetolysis method. Rahimi et al., (2018) determined
that radial symmetrical, tetrahedral tetrad, trizonoporate,
rugulate, granulate, verrucate, and striate ornamentations
were observed in pollens and that these family members did
not differ significantly in terms of characteristics such as pollen
size, shape, and pore structure. Perveen and Qaiser (2013)
determined that the pollen distribution of Epilobium is
generally tetrahedral tetrad and rarely monad.

The aim of the study is to perform pollen morphology analyses
of 11 different taxa belonging to Epilobium by using light and
scanning electron microscopy methods and to clarify the
usefulness of these features in terms of taxonomic
implications.

For light microscopy (LM) analysis, The pollen grains were
prepared for light (LM) and scanning microscopy (SEM) by the
standard methods described by Wodehouse (1935). For light
microscopy, the pollen grains were mounted in Safranin
glycerin jelly and observations were made with a Olympus BX-
31 microscope under (E40, 0.65) and oil immersion (E100,
1.25), using 10x eye piece. Measurements were performed on
at least 30 pollen grains per specimen for each morphological
character (Polar axis (P), equatorial diameter (E), Plg (Porus
length), Plt (porus width), mesoporium, apoporium, annulus
length, annulus diameter, costae, exine and intine with LM
using an oil immersion 100U objective lens.

For SEM studies, pollen grains were dried, mounted on stubs,
coated with gold by sputter coaster, and the SEM examination
was carried using a ZEISS Supra 55 Scanning Electron
Microscope at the SEM Laboratory of the Central Research
Laboratory (MERLAB), Yuzuncu Yil University, Van. In general,
the terminology used is in accordance with Punt et al. (2007)
and Hesse et al. (2009).

2. Materials and Methods

Plant specimens was obtained from the specimens of Gazi
University herberium (GAZI) and Bitlis Eren University
Herbarium. The list of voucher specimens is deposited in GAZI
and Bitlis Eren University Herberia.

Specimens investigated.

E. hirsutum L.: B8-Bitlis: Bitlis Agackopri Village and stream
sides, 26.07.2013, 38° 20' 11.95" K, 42° 00 10,88" D, 1350-
1450m, M. Karatas 1304, Det.: M. Kursat. E. parviflorum
Schreb.: B8-Bitlis: Bitlis, Kambos Mountain north slope,
18.07.2014, 38° 19' 23.26" K, 41° 59' 42.29" D, 1800-1950m,
M. Karatas 2318, Det.: M. Kursat. E. minutiflorum Hausskn.:
B8-Bitlis: Bitlis, East of Mount Kambos, 18.06.2014, 38° 19'
29.58"K,42°00'33.33"D, 1400-1600 m, M. Karatas 2131, Det.:
M. Kursat. E. montanum L.: A4-Cankirt: Cankiri- Artacalar,
Dumanli Mountain, 1350 m, 05.07.1991 A. Duran 1236 (GAZI)
E. confusum Hausskn.: B8-Bitlis: Bitlis, East of Mount Kambos,
18.06.2014, 38° 19' 29.58" K, 42° 00' 33.33" D, 1400-1600 m,
M. Karatas 2088, Det.: M. Kursat. E. ponticum Hausskn.: B8-
Bitlis: Bitlis, Mount Kambos south, 15.03.2014, 38° 17' 52.83"
K, 41° 59' 15.31" D, 1240- 1650m, M. Karatas 1553, Det.: M.
Kursat. E. gemmascens C.A.Mey.: B8-Bitlis: Bitlis, Kambos
Mountain north slope 08.07.2013, 38° 19' 23.26" K, 41° 59’
42.29" D, 1800-1950m, M. Karatas 1188, Det.: M. Kursat. E.
anagallidifolium Lam.: B8-Bitlis: Bitlis, Kambos Mountain
north slope 03.07.2013, 38° 19' 23.26" K, 41° 59' 42.29" D,
1800-1950m, M. Karatas 1060, Det.: M. Kursat. E. palustre L.:
A8 Rize: Rize Ikizdere, Baskoy, 24.07.1984 A. Giiner 6052
(GAZI). E. anatolicum Hausskn. subsp. anatolicum.: C6
Marag: Maras-Berit mountain, Karagol, Yataz slope 2600 m,
25.07.1992 Z. Aytag, 5531 (GAZI). E. anatolicum subsp.
prionophyllum (Hausskn.) P.H.Raven: A8 Rize: Rize ikizdere,
Baskdy, 18.06.1986, A.Giiner 6969 (GAZI).
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3. Results

The palynological properties of the examined Epilobium taxa
are summarized in Table 1. Representative pollen grains are
illustrated in Figures 1-3.

3.1. Size, symmetry, and shape

The pollen grains of the investigated species are dispersed as
tetrad. They can be described as bilateral symmetrical and
subisopolar based on SEM and LM observations. The shape of
the pollen grains in equatorial view are suboblate, and oblate-
spheroidal, whilst their shape in polar view is triangular-obtus.
The pollen grains of the genus are oblate-spheroidal, suboblate
(E. anatolicum subsp. anatolicum, E. palustre, and E. confusum).
The polar axis varies from 57.52-87.33 um and the equatorial
diameters from 65.42-95.23 pm. Amb diameter 62.50-92.74
pum. Mesoporium (M) 36.78-62.08 um. Apoporium (Ap) 37.15-
60.07 pum. Their dimensions are smaller in E. palustre and
larger in E. hirsutum (Table 1; Figures 1-3).

3.2. Apertures

In the investigated taxa, there are eleven taxa with
trizonoporate (rarely 2,4 porate), apertures at corners (
angulaaperturate) (Table 1). The porus is long (10.81-22.03
um) and broad (11.97-22.66 um); The shape of porus is
circular. The apertural membrane is generally psilate and
rarely granulate. Annulus thickness (An-th) 4.25-6.35 um.
Annulus height (An-h) 14.29-23.58 um (Table 1; Figures 1-3).

3.3. Exine, intine and Ornamentations
The exine ranges from 1.78 to 2.68 pm. Ectexine is thicker than

endexine without costae and the intine is 0.39-0.69 um thick.
The exine shows tumescence at the aperture. Costae thickness
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(C) 2.45-3.35 um. Exine sculpturing, showed three distinct
types of surface structures: Baculate (the common type),
baculate-rugulate (E. anatolicum subsp. prionophyllum), and
rugulate (E.montanum) (Table 1; Figures 1-3).

Table 1. Summary of pollen morphological data for the Epilobium species examined.

Taxa P E P/E Plg Plt Ex In

E. hirsutum 87.33x11.09 | 95.23+x10.54 | Oblate- 22.03£2.99 | 22.66+2.67 | 2.68+0.36 0.66+0.18
spheroidal

E. parviflorum 72.03+5.95 79.83+6.43 Oblate- 18.10+£2.96 | 17.57+2.85 | 2.47+0.40 0.45+0.17
spheroidal

E. montanum 82.52+3.09 94.30+3.13 Oblate- 19.42+1.76 | 19.58+£1.95 | 1.78+0.18 0.56+0.11
spheroidal

E. anatolicum subsp. 59.87+3.41 67.45+2.46 Suboblate 16.01+1.55 | 15.97+£1.20 | 2.29+0.57 0.63+0.17

anatolicum

E. anatolicum subsp. 73.73+4.23 80.80+3.76 Oblate- 20.51+£1.94 | 22.23+2.64 | 1.84+0.32 0.50+0.14

prionophyllum spheroidal

E. palustre 57.52+3.48 65.42+4.83 Suboblate 10.81+1.33 | 11.97£1.25 | 2.14+£0.43 0.57+0.12

E. minutiflorum 63.17+7.85 68.00+£7.98 Oblate- 14.01+3.07 | 14.40+£2.50 | 2.34+0.25 0.39+0.13
spheroidal

E. confusum 68.17+4.50 76.67+4.31 Suboblate 16.30+1.99 | 17.40+2.03 | 2.10+0.22 0.41+0.18

E. ponticum 71.23+4.69 76.03+4.84 Oblate- 19.66+1.72 | 20.33£1.49 | 2.35+0.19 0.69+0.16
spheroidal

E. gemmascens 79.86+7.84 87.96+7.50 Oblate- 14.87+2.36 | 16.77+2.35 | 2.21+£0.24 0.51+0.15
spheroidal

E. anagallidifolium 67.20+2.34 74.50+2.69 Oblate- 14.60+1.10 | 14.43+£1.25 | 2.30£0.33 0.54+0.09
spheroidal

Taxa An-th An. h. Amb M Ap C Orn.

E. hirsutum 4.61+0.90 21.49+2.01 90.09+6.54 61.86+3.73 | 59.40+1.42 | 2.49+0.48 Baculate

E. parviflorum 4.98+0.71 18.93+1.34 83.92+5.83 46.41+2.38 | 48.10+0.92 | 3.25+0.26 Baculate

E. montanum 6.13+0.52 20.39+2.01 92.74+4.12 62.08+3.24 | 60.07+1.27 | 3.35+0.46 Rugulate

E. anatolicum subsp. 5.54+0.72 16.56+1.26 65.75+2.75 36.78+2.09 | 37.15+x0.90 | 3.11+0.52 Baculate

anatolicum

E. anatolicum subsp. 6.35+1.01 18.29+1.73 84.50+5.57 46.52+1.98 | 48.42+2.43 | 2.87+0.45 Baculate-

prionophyllum rugulate

E. palustre 5.84+0.70 14.29+1.20 62.50+5.30 37.14+0.78 | 39.02+0.94 | 2.65+0.46 Baculate

E. minutiflorum 5.27+1.39 15.48+2.48 70.36+5.30 43.07+£1.18 | 44.82+2.34 | 2.79+0.58 Baculate

E. confusum 4.98+0.82 17.69+1.13 78.19+3.77 40.24+0.62 | 41.43£3.08 | 2.55+0.20 Baculate

E. ponticum 4.25+1.04 20.28+0.98 77.42+4.17 50.72+1.08 | 48.43+2.66 | 2.45+0.31 Baculate

E. gemmascens 6.01+0.74 23.58+1.01 89.24+3.29 55.084£2.03 | 56.73£1.99 | 2.72+0.54 Baculate-

rugulate
E. anagallidifolium 4.50+0.62 20.25+£1.40 72.02+2.94 50.72+1.08 | 53.01+1.08 | 2.75+0.63 Baculate
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Figure 1. Pollen grains LM photos of studied taxa: tetrad, polar and equatorial view respectively; (1-3) Epilobium hirsutum, (4-6) E. parviflorum,
(7-9) E. montanum, (10-12) E. anatolicum subsp. anatolicum, (13-15) E. anatolicum subsp. prionophyllum (Scale bar 20 pm) and (1,7,13; Scale
bar 50 pm).
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Figure 1. (Continued) (19-21) E. minutiflorum, (22-24) E. confusum, (25-27) E. ponticum, (28-30) E. gemmascens, (31-33) E. anagallidifolium
(Scale bar 20 pm) and (28; Scale bar 50 pm).




Bitlis Eren University Journal of Science and Technology 11 (2) (2021) 36-45

Figure 2. Pollen grains SEM photos of studied taxa: tetrad and general view respectively; (1-2) Epilobium hirsutum, (3-4) E. parviflorum, (5-6) E.
montanum, (7-8) E. anatolicum subsp. anatolicum, (9-10) E. anatolicum subsp. prionophyllum, (11-12) E. palustre, (13-14) E. minutiflorum, (15-
16) E. confusum, (17-18) E. ponticum, (19-20) E. gemmascens, (21-22) E. anagallidifolium (Scale bar 5 pm).
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Figure 3. Pollen grains SEM photos of studied taxa: ornamentation; (1) Epilobium hirsutum, (2) E. parviflorum, (3) E. montanum, (4) E. anatolicum
subsp. anatolicum, (5) E. anatolicum subsp. prionophyllum, (6) E. palustre, (7) E. minutiflorum, (8) E. confusum, (9) E. ponticum, (10) E. gemmascens,
(11) E. anagallidifolium (Scale bar 2 pm).
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4., Discussion

Pollen grains characteristics of Epilobium 11 taxa are
summarised in Table 1 and are shown in Figs. 1-3. Pollen
grains are are tetrad, apertures (angulaperturate) at corners
and pollen grains are triangular-obtus, 3-zonoporate (E.
anatolicum susbsp. anatolicum 4 % 2-porate, E. anatolicum
subsp. prionophyllum taxa, 3 % 2-porate and 6 % 4-porate and
E. palustre 6 % 4-porate). E. montanum, E. anatolicum subsp.
anatolicum, E. palustre, E. confusum taxa have suboblate and
other taxa have oblate-spheroidal pollen grains shape. E.
palustre (57.52 pm and 65.42 um) with the smallest polar axis
and equatorial axis has the largest polar axis E. hirsutum (87.33
um and 95.23 pm). The taxon with the smallest pore length and
pore width is E. palustre (10.81 uym and 11.97 um). The largest
polar axis is E. hirsutum (22.03 pm and 22.66 um). The smallest
exine thickness is in E. montanum (1.78 pm) and the largest one
is in E. hirsutum (2.68 pm). The smallest intin thickness is
observed in the taxon E. minutiflorum (0.39 pum), while the
largest thickness is observed in the taxon E. ponticum (0.69
um). E. ponticum (4.25 um) has the smallest annulus thickness,
and E. anatolicum subsp. prionophyllum (6.35 um) has the
greatest thickness. E. palustre (14.29 pm) has the shortest
annulus height and E. anatolicum subsp. prionophyllum (23.58
um) has the largest taxon. The smallest ambi diameter is in E.
palustre (62.50 um), and the largest in E. montanum (92.74
um). The shortest mesoporium is in E. anatolicum subsp.
stated that pollen grains color can also be used for species
differentiation from the genus Clarkia Pursh in Onagraceae.
Skvarla et al. (2008) reported that pollens with tetrahedral
tetrad characteristics in Onagraceae are connected to each
other by bridges and that the structures called viscin threads
formed in tetrahedral pollens. This is also characteristic for
Epilobium taxa which are the structures that connect the
pollen. It was also noted that the palynolomorphological
characters have taxonomic importance and the importance of
more detailed studies in order to obtain more effective results
was emphasized in the study.

Punt et al. (2003) determined 7 different pollen types
according to micromorphological features such as pollen grain
size, aperture type and exine thickness in the Northwest
European Epilobium. In this genus, three different types of
pollen: Epilobium angustifolium-type, E. latifolium-type and E.
tetragonum-type were included. The structure of pollen is
radial symmetrical, monad and tetrad. Tectum characteristic is
pitted-angular, fine granular, rod-like, oblate, suboblate
andspheroidal pollen. Their shapes revealed that they have
granulate and striate-rugulate ornamentation.

Makbul et al. (2008) revealed that Epilobium palustre, E.
algidum Bieb.,, E. ponticum, E. confusum E. hirsutum, E.
montanum pollen grains are radially symmetrical, isopolar, 3-
zonoporate and generally shed in monads, rarely tetrads.
Pollen grains shape are suboblate, E. montanum (spheroidal).
taxa of Epilobium are usually tetrahedral tetrads and rarely
monads. In the examination carried out on a certain number of
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anatolicum (37.15 um), and the largest one is in E. montanum
(62.08 pm). Apoporium is seen in the shortest taxon E.
anatolicum subsp. anatolicum (37.15 pm), and the largest in E.
montanum (60.07 pm). The taxon with the smallest costal
thickness is E. ponticum (2.45 um), and the largest one is E.
montanum (3.35 pm). It was determined that the taxon E.
montanum has rugulate, E. anatolicum subsp. prionophyllum
and E. gemmascens baculate-rugulate, while the other taxa
have baculate ornamentation.

Some studies on the palynomorphological features of
Epilobium genera have been carried out (Chen and Wang,
2001; Puntetal,, 2003; Skvarla et al., 2008; Perveen and Qaiser,
2013). The most comprehensive palynological studies on
Epilobium taxa in our country were made by Makbul et al.
(2008); Okur (2019). Makbul et al. (2008) revealed the
morphological features of the pollen of Epilobium 6 taxon and
stated that all species of our country should be studied in order
to make more contribution. (Patel et al,, 1984; Perveen and
Qaiser, 2013; Okur, 2019) determined that the pollen
distribution of Epilobium is generally tetrahedral tetrad and
rarely monad.

Lewis and Lewis (1955) reported that in addition to
morphological features such as umb diameter, pore size, exine
and ectexin thickness of pollen, the color of fresh pollen is
effective in the differentiation of taxa, and Small et al.,, 1971

The outline is triangular in meridional optical section. Polar
axis is 78-67um and equatorial axis is 87-94 um. The aperture
membrane is generally psilate and rarely granulate. The exine
is tectate. Ornamentation is baculate, E. ponticum and E.
confusum (striate). They stated that palynological characters
such as pollen shape and surface ornamentation were effective
in distinguishing Epilobium taxa.

Perveen and Qaiser (2013) found that the tectum structure of
pollen grains belonging to the Onagraceae is an important
characteristic. ~ Rugulate-perforate = ornamentation was
observed in two Oenothera species (O. affinis Combess. and O.
glazioviana Michel), which are known for their taxonomic
affinity to the genus Epilobium, while Epilobium leiophyllum
Haussn. It has been determined that it has a granulate
ornamental structure, as well as E. angustifolium, E. cylindricum
D.Don.,, E. hirsutum, E. latifolium L., E. parviflorum and E.
palustre species with scabrate ornamentation.

Erdtman 1960; Punt et al. 2003 revealed that there is a fine
connection between the tetrad and monad pollen grains
spreads by breaking this connection in the acetolysis process.
Skvarla et al. (2008) observed that the pollen of the genus
Epilobium has both monad and tetrahedral tetrad structures.
They revealed that the monad structure, the tetrahedral tetrad
structure, was formed as a result of the breakdown of the
bridges between pollens and each other during the preparation
process. Makbul et al. (2008) observed that the pollens of the 6
taxa, it was determined that the pollen grains in the monad
structure supported the stated idea.
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As a result of their examination on the pollens of the genus
Epilobium, Okur et al. (2019), stated that the pollen is monad
or tetrahedral or, bilateral, with subisopolar symmetry, 3-
porat (trizonoporate). Surface ornamentation is baculate,
striate and baculate-rugulate. They determined that the pollen
grains in the Epilobium section spread in tetrahedral form
from the anther and monad in the Chamaenerion section. They
determined that the pollen shape of the taxa belonging to
Epilobium, exine ornamentation, and pollen grains leaving the
anther, ie spreading (pollen out of the anther monate or
tetrahedral) are important in the differentiation of pollen. Okur
(2019) determined that Epilobium and Chamaenerion taxa
have baculate, baculate-rugulate, rugulate, baculate-pliate
ornaments and pollen grains size is between 40.70-53.96 um.
They determined that it may be due to the fact that they have
carried out palynolomorphological studies on the taxon.

Our results and the data of Okur 2019 were found to be
compliant regarding the fact that the taxa are tetrahedral
tetrads and ornamentations with trizonoporate (E. anatolicum
susbsp. anatolicum 4% 2-porate, E. anatolicum subsp.
prionophyllum taxa, 3% 2-porate and 6% 4-porate and E.
palustre 6% 4-porate) pollens were observed. On the other
hand, using different methods may have caused differences in
the polar and equatorial axis, pore length and width, exine and
intin thickness, annulus thickness, Amb diameter, mesoporium
and apoporium thicknesses.

Epilobium is considered to be a taxonomically difficult genus
due to the fact that it contains a large number of taxa with
morphological similarities and the high percentage of
hybridization within the genus (Krajsek et al.,, 2006). For this
reason, it is emphasized that making a distinction only on
morphological characters is not a solution in the differentiation
of taxa belonging to the genus and there is a need for various
studies that will contribute to this distinction.

In our opinion, revealing the morphological features of the
pollen of 11 taxa belonging to Epilobium will contribute
primarily to plant systematics and other fields of palynology.
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This study was carried out for the habitat classification of the Cilo glaciers and their environments, which
have significant biological diversity within the borders of Hakkari National Park and are under serious
threat especially due to global climate change in Turkey. The study material consists of the data obtained
as a result of field studies conducted in 2018-2019. As a result of the studies, 11 habitat types were
determined on the area according to habitat types of The European Nature Information System (EUNIS)
and observations about these habitats were given. In addition, 4 types of vegetation are determined
according to the plant density with satellite images of the area. This research reveals the importance of
habitat type determination studies for important nature areas.
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1. Introduction

The human population is expected to reach 9 billion by 2050. In
this case, it is predicted that 10-20% of natural areas will be
replaced by agriculture and urban infrastructure, further
reducing the habitat of wildlife. (Martinuzzi et al, 2015).
Anthropogenic pressures affect the structure of local ecological
communities and may lead to local extinction of species. This
could lead to reduced ecosystem functionality (Tilman et al,
2001; Cardinale et al, 2006) and global extinction (Vié et al,
2009). increased human population and consumption will likely
result in further habitat loss (Newbold et al., 2014; Krausmann
et al,, 2013). On the other hand, the pressure of global climate
change on sensitive habitats is a major threat to sensitive species
living in these areas (Kromp-Kolb and Formayer, 2005; Dow and
Downing, 2006). Natural areas are particularly vulnerable to
climate change due to their limited adaptive capacity, and some
of these systems may suffer significant and irreversible damage.
(Omann et al,, 2009).

Due to increasing environmental problems, the loss of
Biodiversity is expected to continue to increase in the coming
years. The most effective way to prevent or reduce the loss of
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ORCID : 0000-0003-1533-556X (I. Demir), 0000-0002-6224-8269 (M. Unal)
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biodiversity is to preserve the habitat. Therefore, identifying and
identifying habitats with unique characteristics is extremely
important (Geven 2016; Schamberger and Krohn 1982;
Schroeder, 1986; Cakmak and Aytag, 2020; Siiel et al.,, 2018).

Conservation of natural areas requires comprehensive
classification systems of natural habitat types. They are essential
for creating protected area networks, conducting natural area
surveys, setting monitoring targets, management planning,
environmental impact assessments and ecological restoration
(Chytry etal., 2020; McDermid, Chytry etal., 2015). Conservation
programs can tackle the main cause of extinction by reducing the
loss of natural habitats and the species they host (Eken et al,
2014; Bruner et al.,, 2001).

Despite the fact that the number of EUNIS studies in Turkey has
increased in recent years, it is small when compared to Europe.
Priority might be given to locations with potentially significant
biological and habitat diversity, such as national parks, nature
reserves, and special environmental protection zones, in the
following process of identifying the areas to be investigated on
habitat categorization. Because these areas differ from their
immediate surroundings in terms of ecology, climate, and
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topography. In this situation, it will affect the floristic
composition and hence the habitat type, allowing new habitat
types to be identified in these regions (Cakmak, 2017; Cakmak
and Aytag, 2021).

The Cilo Mountains and Sat Glacier Lakes, located inside the
boundaries of Hakkari province in Turkey's Eastern Anatolian
region, are one of the sites with priority protection. The area,
which was recently declared a National Park, is also among the
Important Natural Areas that host many species with its unique
endemics. This area is the habitat of Cephalaria hakkarica,
Cirsium hakkariacum and many other locally endemic plant and
other species (Eken et al,, 2006). However, human and climate
change pressures on the area have taken their toll in recent
years. Determining the habitat types of this area, which is very
importantin terms of biodiversity, is extremely important for the
management and sustainability of the area. The EUNIS habitat
classification (European Union Nature Information System),
developed by the European Environment Agency, has been used
in nature conservation as a tool to identify habitat units during
monitoring and assessments. (Cernecky et al., 2020; Moss, 2008).

Habitat maps for sensitive areas can help achieve national
biodiversity conservation goals and assess conservation status
(Bilasi et al,, 2000).

The aim of this research is to determine habitat types according
to EUNIS habitat classification for the protection of endangered
species with increasing anthropogenic pressures and global
climate change threat in recent years. Thus, to ensure the
formation of data for the protection of the rich biodiversity in
this area and to form the basis for management plans.

2. Material and Methods
2.1. Study area

The area is 87.6% covered with mountainous areas and there
are many mountains and peaks above 3000 m altitude. Uludoruk
(Resko) Hill (4135 m) on the Cilo Mountains is also the second
highest point in Turkey after Mount Agr1. Cilo Glacier Mountain
is located in the eastern part of the Southeast Taurus Mountain
(Fig. 1). It’s also known as the most glaciated region of Turkey
(Yavasli and Olgen, 2008).

A

Il Natioal park area
Il Study area
Figure 1. Location map of the study area

2.2. Field work

Flora studies were carried out in the research areain 2018-2019.
The samples obtained as a result of these studies were recorded
and identified. In addition, habitat types in the area and plant
species on these habitats were determined.

2.3. Maps Usage
2.3.1 Vegetation map

First of all, the Normalized Difference Vegetation Index (NDVI)
method, which is frequently preferred in mapping the
distribution areas of plants, was used to create the vegetation
map of the study area (Rouse et al., 1974). SENTINEL 2A satellite
images with a spatial resolution of 10 m were used to create the
vegetation map. Images were obtained by downloading
cloudless images (25.06.2020) from
“https://coda.eumetsat.int/#/home”. In the study, Band 8 (NIR)
and Band 4 (Red) were used in the images consisting of 13 bands.
Vegetation maps were created using the SNAP program with the
formula given below.

Band 8 — Band 4

Band 8 + Band 4

In the vegetation map obtained; areas devoid of vegetation,
covered with weak vegetation, medium and dense vegetation
were determined (Fig. 2).

NDVI =

----- study area
—— national park area
[] no vegetation

weak
secondary
B strong a5 10
km

Figure 2. Vegetation map of Study area
2.3.2. Habitat types map

According to the EUNIS Habitat
(https://eunis.eea.europa.eu/habitats-code-
browser.jsp?expand=#level_G), the findings obtained as a result of
the field studies were mapped. First of all, the polygon map of
the area was drawn and habitats were placed on these polygons.

These habitats were created according to the following codes of
EUNIS and each colored with a different color (Fig. 5)

types
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C: Inland surface waters

D: Mires, bogs and fens

E: Grasslands and lands dominated by forbs, mosses or lichens
H: Inland unvegetated or sparsely vegetated habitats

3. Results and discussion

11 habitat types have been identified in the area according to the
coding of EUNIS. These; C (C1.7, C2.2), D (D4.2), E (E1.2E), H
(H2.2; H3.61; H3.62; H4.1; H4.23; H5.22; H5.36), These habitats
consist of steppe, high mountain meadow formations, areas that
are weak in terms of vegetation and completely devoid of
vegetation. Habitat maps are used as a basis for management
plans and to define preservation objectives at the regional and
national levels by ecologists, environmentalists, administrators,
and nature conservationists (Mergen and Karacaoglu 2015;
Moss, 2008). The habitats identified on the area are as follows.

C1.7: Permanent lake ice

Covers a small area east of the Cennet Cehennem valley. There
are no plants in this habitat type (Fig3).

Figure 3.io glacial lake

Permanent or almost permanent lake ice formations that
produce continuous ice sheets that cover the whole surface all
year or recede to a section of the lake during the summer, and
are accompanied or replaced by floating ice blocks, rafts, and
hummocks. On a local, seasonal, or permanent basis, they can
extend to the lake's whole depth. They can be found at high
latitudes and high altitudes (https://eunis.eea.europa.eu/habitats-
code-browser.jsp?expand=#level_G).

C2.2: Permanent non-tidal, fast, turbulent watercourses

They are the streams starting from the glacial lake and
continuing along the Cennet Cehennem valley. It is called Déz
Stream by the local people and it was named that way in the Flora
of Turkey (Davis, 1965-1985). The source of these streams is Cilo
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glaciers and snow patches. The flow rate and amount of the
creeks fed by small rivers increase as you go down. The power
plant established near Kirikdag village was built on this stream.

D4.2: Basic mountain flushes and streamsides, with a
rich arctic-montane flora

These are areas where the ground water is high and the
temperature is low, around the Cilo glacial lake and along the Dez
stream. The dominant species in this area vary according to the
vegetation period. But Poa pratensis L, Ranunculus poluninii
P.H.Davis, Primula auriculata Lam.Tabl, Colchicum kurdicum
(Bornm.) Stef., Puschkinia scilloides Adams are the most
prominent species on the area. Apart from this, the habitat is the
habitat of locally endemic plants such as Myosotis platyphylla
Boiss, Primula davisii W.W.Sm.

E1.2E: Irano-Anatolian steppes

This habitat type covers most of the area. Cennet Cehennem
Valley, which is especially rich in vegetation and biodiversity, is
one of the important areas of this habitat type. Although the
dominant species vary, the dominant species in this area are the
Tragagantic steppes formed by the spiny Astragalus sp. species
(Figure 4). Apart from this, it is represented by other
hemicryptophyte and gametophyte form species in the area.
Along with the spiny Camephyte Astragalus species, genus such
as Thymus, Verbascum, Eryngium, Helichyrsum, Cousinia, Ferula,
Centaurea, Allium, Dianthus, Artemisia, Achillea, Salvia are
abundant. While the most dominant genus in the Gramine group
are Poa, Elymus, Bromus species in the area, the most intense
species is Psathyrostachys fragilis. Some of the important

endemics in this habitat type in the area are Astragalus
latistipulatus D.F. Chamb., Astragalus sachanewii Sirj., Astragalus
yueksekovae V. Matthews, Gypsophila adenophylla Barkoudah,
Gypsophila baytopiorum Kit Tan, Gypsophila hakkiarica Kit Tan,
Cousinia satdagensis Hub.-Mor., Cousinia hakkarica Hub.-Mor.
and Crocus kotschyanus K.Koch

o A AL

Figure 4. A view from the steppes in the area
H2.2: Cold limestone screes

This habitat type is the formations formed by the fragmentation
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of the rocky slopes, especially around Kirikdag village and the
eastern parts of the Cennet Cehennem Valley, over time. Soil
accumulation is low in this habitat. Factors such as so little soil,
water scarcity, rock mobility that flows downstream hindering
vegetative growth, only host special species that can adapt to the
environment. For these reasons, the vegetation is very weak. In
these areas, there are species such as Melica ciliate L, Capparis
spinosa L.

H3.61 - Bare weathered rock and outcrop habitats

Consists of bare rocky areas with less plant species than H3.62.
Although very few plants are seen in these areas, it is the habitat
of local endemics such as Rosularia davisii Muirhead,
Scrophularia pumilio Lall

H3.62: Sparsely vegetated weathered rock and outcrop
habitats

It consists of steep cliffs forming mountain peaks from Kirikdag
Village towards the Cennet Cehennem valley. The highest point
of the area is Resko Hill (4135 m). This habitat type is one of the
important habitats in terms of biodiversity, although the
vegetation is weak. These rocks constitute the habitat of
important locally endemic species such as Silene araratica subsp.
davisii (Chowdhuri) Ghaz, Silene cartilaginea Hub.-Mor., Silene
lucida Chowdhuri, Rosularia davisii Muirhead, Draba
thylacocarpa (Nabelek) Hedge and Theodorovia karakuschensis
(Grossh.) Kolak.

H4.1: Snow packs

The surroundings and northern slopes of the Cilo glacial lake are
in this habitat type. This area is devoid of vegetation. There are
some bulbous species (Puschkinia scilloides Adams, Colchicum
kurdicum (Bornm.) Stef. etc) only at the bottom of the melting
snowpacks.

H4.23: Glaciers

Although glaciers are devoid of vegetation, they play an
important role in the biodiversity of the area. According to
Yavagh and Olgen (2008) there are 5 glacier areas on the area.
These are: Ering (Suppa Durak) Glacier, x Valley glaciers (Mia
Hvara or Avaspi) and Uludoruk (Gelyasin or izbirak) glaciers.
(Figure 2).

H5.22: Sparsely vegetated glacial moraines

It is one of the habitat types that occupy the least space in the
area. Vegetation is very sparse

H5.36: Shallow rocky soils with very sparse or no
vegetation

This habitat type is located in the lower part of the Cilo glaciers
and margins of the Dez Stream. Soil is very low, so there is either
a complete deficiency of vegetation or very sparse vegetation.

49

CT7 - Permancnt lake 1ce
2.2 : Permanent non-tidal. fast. turbulent watercourses
D42 : Basic mountain flushes and streamsides,
ith a rich arctic-montane flora
E1.2E : Irano-Anatolian steppes
H22: Cold limestone screes
[H3.61 : Bare weathered rock and oultcrop habitats
[H3.62: Sparsely vegetated weathered
rock and outcrop habitats
H41: Snow packs
H4.23: Glaciers
H5.22 : Sparsely vagetated glacial moraines.
I H5.36 : Shallow rocky solls with
'Very sparse or no vegetation

@ Rosko hui

Figure 5. The EUNIS habitat map of the study area.
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Weirs are important water structures used to hold water in dams and canals and to safely transfer water
from upstream to downstream. Due to these features, these structures, which have been used for years,
have many different designs. In this study, a rectangular labyrinth weir and an inclined-bed rectangular
weir were studied experimentally and numerically. The weir geometries used in the experiment were

produced in a 3D printer and transferred to the numerical simulation with the same dimensions. The
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discharge and discharge coefficients corresponding to five different upstream heights obtained from the
experiment and numerical simulation were obtained and the data were compared. Comparison of
numerical and experimental results showed a good agreement. Where the difference between the tests is
maximum was calculated at Ho/P = 0.1 m where the water load is the lowest.
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1. Introduction

Weirs are hydraulically important structures that are built in
different types and shapes, used to drain excess water that
passes through a canal or in the dam reservoir. While
determining the weir types in open channels, issues such as the
maximum flow and velocity of the flow expected to pass
through the channel should be considered. In structures with
limited cross-section such as open channels, designs that
increase the spillway capacity come to the fore. One of the most
common and effective methods used to increase the amount of
water taken from the channels is to increase the water contact
surface of the weirs. Different types of designs determined to
increase the performance of the weirs are determined in the
light of the data obtained from experimental, theoretical and
numerical studies. It has been shown by the studies in the
literature that the performance of the labyrinth style weirs is
much higher than the weirs designed in the classical style
(straight) and are widely used in practice. Some studies in the
literature can be given as follows.

* Corresponding author. Tel.: +90 434 222 0000-3618
E-mail address: aeulu@beu.edu.tr

Aydin and Ulu (2017) numerically examined the effects of
antivortex to reduce flow turbulence over labyrinth side weirs.
Anderson and Tullis (2012) compared the efficiency of Piano
Key weirs (PKW) with rectangular labyrinth weirs in a
laboratory setting. The results showed that the performance of
Piano Key type weirs is more efficient than rectangular
labyrinth weir. Sadeghian et al. (2019) investigated the
advantages of inclined-bed application for triangular labyrinth
side weirs. In the study, more than 160 experimental
laboratory tests were performed and different hydraulic and
geometry variables were used. Le et al. (2021) compared the
discharge capacity of piano key and rectangular labyrinth
weirs using a three-dimensional numerical model validated by
available experimental data. Balzner et al. (2017) investigated
piano key and labyrinth weirs on different geometries under
free and submerged flow conditions and compared the
findings. Aydin et al. (2019a), worked on the determination of
water surface profiles in high-head spillways using
computational fluid dynamics method. Khanh (2017),
describes the initial procedure for laboratory research on
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Piano Keyweirs (PKW) in 2004. Also, the study gives some
information about existing and projected dams with PKW.
Aydin et al. (2019b) conducted a detailed analysis study on
trapezoidal labyrinth weirs using computational fluid
dynamics (CFD) method. Kabiri-Samani (2013) carried out
experimental and analytical tests on rectangular labyrinth
weir. The results showed that this type of weir can be five times
more productive than a conventional weir. Aydin and Isik
(2015) examined hydraulic structures using a CFD software in
their study and stated the advantages and disadvantages of
using such programs in hydraulic structures. In addition to
these, Schleiss (2011), Azimi and Hakim (2019), Anderson and
Tullis (2013), Crookston and Tullis, (2012) and Ghanbari and
Heidarnejad (2020) have comprehensive studies in literature.

Labyrinth weirs are currently used as a water intake structure
in open channels and surface flowing spillways. These weirs,
which have different types of designs and sizes, have high weir
capacity at low nappe loads. They increase the capacity of
reservoirs and channels and minimize nappe loads. In this
study, a rectangular labyrinth weir and an inclined-bed
rectangular weir type that inspired from piano-key weirs were
studied using experimental and computational fluid dynamics
(CFD) methods. Inclined-bed rectangular weirs have not been
studied as widely in the literature as other weir types. For this
content, the study contributed to the literature in this context.
The three-dimensional models prepared in the CAD
environment were printed on a three-dimensional printer and
used in the experiments and transferred to the numerical
analysis program in accordance with the 1/1 scale and the
analyses were carried out. The data obtained from the
experiments were analysed in the numerical analysis program
and comparisons were made. As a method in the study, an open
channel laboratory set and a developed CFD numerical analysis
program were used.

2. Material and method

Two methods were used in the study. The first is laboratory
work and the other is FLOW-3D, a computational fluid
dynamics software. The length of the open channel setup used
in the experiments is 4.0 m and the width is 0.40 m. The
experiments were carried out without slope. The pump with a
power of 2200 W produces a flow of 1300 1/min. The amount
of water entering the channel was measured with a flowmeter.
Discharge over sharp crested rectangular labyrinth weirs can
be expressed as:

2
3*Cd*L*,/2g*Hg/2

Q (1)

Here, Q is flow discharge over weir; Cq is discharge coefficient,
L is total length of the crest; g is the gravitational acceleration
and Hp is total upstream head.

Another method used in the study is the FLOW-3D software
program, which is a CFD program. Like other CFD software,

52

FLOW-3D is known for numerically solving a number of basic
fluid equations to determine fluid motion. The basic equations
of fluid motion are modelled using finite elements or volumes
with the help of programs such as FLOW-3D. CFD method
solves the theoretical and semi-empirical dynamical equations
of compressible and incompressible fluids by using various
numerical methods and computational tools. Momentum and
continuity equations used in the FLOW-3D given as follows:

Momentum equation:

6u+1[A6u+ A8u+ Aau]_ 16p+G+
at Ty (M gx TV G T A T o Tt
6v+ 1 [ 4 6v+ A 6v+ y av]_ 1dp G+
ot Ty [V g VA g WA = g T e T
6W+1[A6+A6W+A6W_ 10dp 4
ot Vpuxax ”yay Wiz 5, poz % fz

Continuity equation:

] ] ]
75 (@A) + % (v4y) + 5, WAz =0

here, t is time, p is the fluid density, Vris the volume fraction,
(u, v, w) are velocity components, (Ay, 4y, Az) are fractional areas
open to flow in Cartesian coordinates. (Gx, Gy, Gz) are mass
accelerations, (fy, f;, fz) are viscous accelerations (Flow Science,
2019).

2.1. Rectangular labyrinth weir model

The prepared rectangular labyrinth weir with sharp edges is
0.10 m in height (P), 0.40 m in length, and 0.69 m in weir (crest)
length (Fig. 1). The drawings prepared in the CAD environment
were produced in two parts on a 3D printer due to the capacity
of the printer, and then the parts were glued together. It has
been determined that 10% fullness rate for the produced parts
will have the desired strength and rigidity. The production
process of this piece took twenty-five hours.

2.2. Inclined-bed rectangular weir model

The prepared inclined-bed rectangular weir is 0.10 m high (P),
0.40 m long and 0.99 m in weir (crest) length. Similar to the
rectangular model, the drawings prepared in the CAD
environment were produced in two parts in the printer due to
the printer's capacity, and then the parts were glued together
(Fig. 2). It has been determined that 10% fullness rate for the
produced parts will have the desired strength and rigidity as
well. The production process of this piece took fifty hours.
Figure 3 shows some images from the experimental setup.

(3)
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Figure 1. Rectangular labyrinth weir.
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Figure 2. Inclined-bed rectangular weir.
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Figure 3. a-b) Views from upstream and downstream of rectangular
labyrinth weir, c-d) Views from inclined-bed weir.
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2.3. Numerical Model

The numerical model geometry was prepared in three
dimensions according to its original dimensions as used in the
experiment. In numerical model solutions, the quality of the
solution network is very important in terms of receiving the
data correctly and properly. On the other hand, the frequency
of the mesh to be used for the model can significantly increase
the processing time. An excessively high-resolution mesh
structure may unnecessarily extend the solution time and
cause an increase in numerical errors. In addition, the
insufficient resolution of the solution mesh will cause the
geometry to be not fully and accurately perceived by the CFD
program. Therefore, it is useful to determine an optimum mesh
size for the best numerical mesh structure (Figure 4-5). In the
study, RNG (Renormalized Group) turbulent model is used.
This model, which is similar to the k-epsilon turbulence model,
is widely used in open channels.

Figure 4. Ctangular labyrinth weir mesh structure.

FLOW-3D CFD software allows to create structured mesh. In
the numerical model of the rectangular labyrinth situation, two
different sizes of mesh blocks are used. The first net block is a
0.005 m net block that includes the weir. The second net block
is 0.0015 m in size to cover the entire weir structure. The total
number of mesh structure used is calculated as 1,225,424.

Figure 5. Inclined-bed rectangular weir mesh structure.
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Similarly, in the numerical model of the inclined-bed situation,
two different sizes of mesh blocks are used. The first mesh
block is a 0.005 m mesh block that includes the weir. The
second net block is 0.0015 m in size, including the entire weir
structure and 0.05 m above the weir. The total number of mesh
structure used in this model is given as 2,416,490.

2.4. Model Boundary Conditions

As in the channel design where the weir is located, the water
inlet (specified pressure) is given from the channel entrance
point (Figure 6). Since the upstream side of the weir is open to
the atmosphere, it was evaluated as the Specified Pressure. The
lower part of the sluice was defined as a Wall, and the
remaining areas were left as Symmetry.

g > 2

Figure 6. Model boundary conditions. (P: Specified Pressure; S:
Symmetry; W: Wall)

In order to see the precision of the applied mesh resolution on
the numerical model geometry, the images in the shapes were
obtained by using the 'FAVOR' feature in FLOW-3D (Figure 7-
8).

Figure 7. Designed rectangular labyrinth model 'FAVOR' image.
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Figure 8. Designed inclined-bed rectangular model ‘FAVOR’ image.

3. Results

The weir types produced were tested in the laboratory using
an open channel test set. Calculations in the experiments were
made by measuring the discharges corresponding to five
different upstream water levels of H=0.11m, H=0.12 m, H =
0.13m,H=0.14 mand H = 0.15 m. In both cases, the difference
in discharge in the test and CFD analyses was maximum at low
nappe loads. The reason for this was thought to be due to
insufficient mesh resolution compared to nappe load, and it
was predicted that the results would be the same when the
mesh quality was increased. Since the spillway capacity of a
weir is important in terms of transferring maximum
discharges, this difference at low nappe loads does not have a
great effect. In the experiments, it was observed that the weir
was operating with maximum efficiency at minimum nappe
loads for both weirs, but as the nappe load increased, it was
observed that the weir eyes were insufficient and the discharge
capacity decreased.

3.1. Rectangular labyrinth weir

For rectangular labyrinth weirs, five different flow rates were
obtained for five different water heights in the experiments
carried out in the laboratory. In CFD analyzes prepared
according to the original situation, upstream water levels
obtained from the laboratory were used for each design. In the
experiments, discharges corresponding to dimensionless
Ho/P=0.1-0.5 m were calculated (Figure 10-11). In both
experiments and numerical solutions, it was waited until the
flow become steady at the determined height and the data
were taken. In CFD analyses, it was observed that stabilization
of the flow in low nappe load conditions requires a longer
solution time compared to high nappe loads.



Bitlis Eren University Journal of Science and Technology 11 (2) (2021) 51-59

H=0.13m

Figure 9. Some images from the moment of the experiment.

H=0.12m H=0.13m

Figure 10. Comparison of flow conditions.
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The situation where the difference between the tests is
maximum was calculated at Hg/P = 0.1 m where the water load
is the lowest. The reason for this difference at low nappe loads
is thought to be due to insufficient mesh resolution compared
to nappe load. Itis predicted that better results can be obtained
if a higher resolution mesh is used.
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Figure 11. Comparison of rectangular labyrinth model experiment and
CFD discharge.
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Figure 12. Experiment and CFD comparison of discharge coefficient of
rectangular labyrinth model.

3.2. Inclined-bed rectangular weir

As in the rectangular labyrinth weir type, five different
discharges were obtained in exchange for five water heights in
these experiments. In CFD analyzes prepared according to the
original situation, upstream water levels obtained from the
laboratory were used for each design.
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H=0.12m

Figure 13. Images from the moment of the experiment.

H=0.13m

Figure 14. Comparison of flow conditions.

It was observed that the discharges obtained from Hg/P =
0.4 m and Hq/P = 0.5 m water head were very close to each
other (Figure 15-16). It is seen that the discharge continues
to increase linearly at maximum nappe load. It has been
understood from the experimental results that if the nap
load continues to increase, the weir operates as a
submerged flow.
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Figure 15. Comparison of inclined-bed rectangular model experiment
and CFD discharge.
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Figure 16. Experiment and CFD comparison of discharge coefficient of
inclined-bed rectangular model.

3.3. Comparison of the weirs

Comparative CFD and experimental study discharge
coefficients of weir structures with rectangular labyrinth and
inclined-bed model are given in Figure 17-18. As can be seen
from the graphs, the results of both cases show similar trends.
In particular, it is seen that the data obtained from the
experimental study are much closer. In addition to these, the
comparison of numerical and experimental results also
showed a good agreement. (Figure 19-20).
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Figure 17. Comparison of rectangular labyrinth and inclined-bed
model CFD discharge coefficients. Figure 20. Comparison of inclined-bed rectangular weir discharge

4., Conclusions

1.4 = |nclined-bed
% SO In the study, a rectangular labyrinth and an inclined-bed
127 rectangular weir prepared in the CAD environment were
10 produced with the help of a three-dimensional printer.
. Experiments of the produced parts were carried out in the
0.8 ‘ laboratory using an open channel test set. Calculations in the
o L experiments were made by measuring the discharges
g s | - corresponding to five different upstream water levels of H =
- - - 011m H=012m H=013m H=014mand H=0.15 m.
Prototype dimensions were prepared in 3D digital
0.2 environment and analyses were made under nap loads
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00 g T we © da e T e Stokes (RANS) turbulent flow model with the help of FLOW-3D.
R Parallel to the literature, it has been observed here that more
! discharge is obtained with the increase of the crest length. In
Figure 18. Comparison of rectangular labyrinth and inclined-bed both cases, the difference in discharge in the experimental and

model experiment discharge coefficients.
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numerical results analyses was maximum at low nappe load.
The reason for this was thought to be due to insufficient mesh
resolution compared to nappe load, and it was predicted that
the results would be the same when the mesh quality was
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1. Introduction

[1] Investigated the dynamics co movement between capital
markets in ASEAN Exchanges for during period of 2012-2013
and studied based on C-D Vine copula approach found the
dynamics co-movement among of capital markets in ASEAN
Exchanges. [2] stuided focuses on the pattern of relation
among major world exchanges such as the United States stock
market (S & P 500), European stock markets (the united
kingdom and German), Asia stock markets (Japan and China)
and ASEAN stock markets (Indonesia and Philippine) in the
pre-crisis period (2000 ~ 2008) and post-crisis period (2000
~ 2016). Using the C-D Vine copula approach and in their
results, they found the dynamic change between stock markets
in the world financial markets. [3] used the vine copula
analysis to analyze the composite stock price index and some
of the macroeconomics (inflation, IDR to USD exchange rate
and interest rate). In addition, the dependent structure was
applied to obtain the common density function and they
calculated the expected value as a copula regression model. [4]

* Corresponding author. Tel.: +90 434 2220020
E-mail address: aysekarakas5767@gmail.com

presented, the canonical vine (C-vine) and D-vine copulas
provide functions and tools for the extraction of stolen R-
package presents CDVine. [5] examined the daily informational
structure and common movements of the Thai Baht (THB) and
Malaysian Ringgit (MYR) currencies in the period 2006-2013.
[6] proposed vine copula mixes for the dependency structure
hidden in multidimensional data. They tested a finite number
of C- and D-vine model mixtures using the same copula family
and finally studied the original CD-vine model, which enables
the analysis of the dependency structure between many
variables. [7] examined the relationship between bitcoin and
other cryptocurrency indicators using the CD Vine Approach
method.[8] To uncover and fully understand complex and
latent dependence patterns in multivariate data, they proposed
a D-vine copula mix that incorporates D-vine copula into a
finite mix model. In addition, the model they propose can
facilitate the scope of their multivariable complex and
confidential content models.[9] presented the design of the R
package copula, other implementation details.[10] have
presented an intuitive systemic risk model for analyzing
complex complex problems between different borrowers.

ORCID : 0000-0003-3552-0105 (4. Metin Karakas), 0000-0003-4532-1564 (A. Demir) , 0000-0002-4258-1662 (S. Calik)
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Then, they used the state-of-the-art canonical (C-) and D-vine
bridge to investigate the correlation structure between the
divisions between the groups. [11] have used vine copula
models to capture climate-efficiency dependency patterns,
including the occurrence of extreme events (i.e. tail
dependencies). Inc et al. [12] obtained approximate solutions
of nonlinear time-dependent generalized Fitzhugh-Nagumo
equation with time-dependent coefficients and Sharma-
Tasso-Olver equation subjected to certain initial conditions
and showed that this method is efficient and convenient; thus
it can be applied to variety of problems. The approximate
solutions are compared with the exact solutions. Then, Acay
and Inc [13] proposed non-local singular fractional operators
and examined this model, which has a very important place in
everyday life. In 2020, Houwe et al. [14] studied analytical
solutions of nonlinear differential equations (DED) with
fractional derivatives and used the discrete tanh method for
the calculations. In addition, Akinlar etal. [15] take an epidemic
system with additional fractional white noise, build a new SIRS
model and mix it into the fractional model, to show that
epidemics can be modeled more competently in fractional-
stochastic environments than those modeled by fractional-
stochastic environments. deterministic differential equations. -
stochastic systems and their chaotic behavior at unscathed and
endemic equilibrium points have been studied. Later, Akinlar
et al. [16], optimal control formulations, digital solutions,
stability analysis for the fractional malchus model is
considered a new contribution because it is studied for the first
time in this article. Later in the same year, Korpinar et al. [17]
analyzed the fractional-cubic-cubic-stochastic non-linear-
stochastic schrdodinger equation, which describes the
propagation of the solitons through the optical fibers, and used
it to obtain stochastic solutions in space White noise with
hermit transform. In addition, Hashemi et al. [18] used the
diagram of Adams-Bashforth-Moulton (ABMS) to determine
the approximate solution of the fractional three-dimensional
chaotic process at varying degrees, showing the results of the
simulation. In this study, it is a question of explaining the
dependency structure using the Copulule CD-Vigne approach
for the main zones of faults located on the fault lines of Turkey.
Conditional dependency, in other words CD-vine approach,
provides convenience in obtaining the complex dependency
structure. The present study explains the dynamic conditional
dependency structure using 30 years of data of the regions on
the Eastern Anatolian Fault line and the North Anatolian Fault
line. As a result, this dependency structure is presented in
graphics and tables.

2. Materials and Methods

Definition 2. 1. 1.Copula Function

A copula is a multivariate distribution whose marginals are all
uniform over [0, 1]. For a n-dimensional vector U on the unit
hyper cube, a copula Cis defined as,

C(u,Uy,...,u,)=Pr(U, <u,U, <u,,..,.U, <u,) 1)
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This definition is the main result of the Sklar’s theorem [17],
namely building block of the theory of copulas, given below.
Theorem 2.1.2. (Sklar’s Theorem) Let F be a n-dimensional

F..

distribution function with univariate margins Fl! F2 yeeny

Let A define the range of F and A :[—oo, oo] where

i =1,2,...,N At that case, there exists a copula function C
whole (X, X, ,..., X, ) € [-00,00]
F (X0 %y, %) = C(F (%), F(X,),.... F(X,)) (2)

where the random variables (Xl, XZ,..., Xn) are assumed

to be continuous.

Definition 2. 1. 2. Kendall Tau and Spearman Rho
rank correlations are defined as Spearman p and Kendall 7

For both rank based correlation measures, the general term in
their formulations is the rank of the observation, indicated
below

ﬁS(X,Y)=12”(C(u,v)—uv)dudv 3)
ﬁ,(x,v):4”0(u,v)ac:(uv)—1 4)

2. .
where, U = | “is the unique square.

Definition 2. 1. 3.Tail Dependence

The case of queue dependency is directly related to the
extreme value relation defined mainly as a function of the
queues. Suppose X and Y are two random variables having

distributions Fx and FY respectively. Therefore, two

important asymptotic measures for tail dependence, called
upper and lower tail dependency coefficients, are mentioned
below.

=i < <uw=li 5
A4 uIE)nOP(FX(x)_u| Fy(x) <u) UIEQOC(U'U)/U ()
A, = Jim P(Fx(x) > u| Fy (9 > u) = lim 1-2u—C(u,u)/1-u (6)
where ll and 4, €[0,1].

Definition 2. 1. 4. Elliptical Copulas
Let F be the multivariate cumulative distribution function (cdf)

of an elliptical distribution. Let Fi be CDF of the i'th margin and

Fi_l be its inverse function for i =1,2,...,N, the elliptical

copula determined by F is;

C(Uy, Uy, Uy) = F [ R U)o+ B () | )

For example; normal copulas (derived from the bivariate
normal with zero mean, unitary and correlated variance) and
Student's t pairs (derived from the bivariate t distribution with



Bitlis Eren University Journal of Science and Technology 11 (2) (2021) 60-75

zero mean, v degrees of freedom and association) are two types
of elliptic families.
Definition 2. 1. 5. Archimedean Copulas

An Archimedean copula is built using a generator ¢ as;
C(u,,U,,...,u,) =g [4(u,)+...+ ¢, (u)] (8)

where, ¢[_l] is the pseudo-inverse of the generator, ¢ defined

by,

e {W(t) 0<t<4(0) o)
0 ¢(0)<t<g(x)

In bivariate case,

C(uy,u,) =4 (p(u,) + 4(u,)) (10)

defines the so-called Archimedean bivariate copula function.

Definition 2.1.6. Vine Copulas
Let T =U1,U2,...,Un71 denote the regular vine for n

variables, where Ui is a connected tree with nodes
M. =12,...,N and edges E, for i=2,...,n—1. In this

tree structure, Ui is a connected tree with nodes |\/|i = EF1

Aregular vine with p variables is a vine where two edgesin tree
iare connected by an edge in tree i + 1, only if these edges share

a common node. In general, there are totally n(n—2)/2
possible edges in a regular vine for n variables [19].

Definition 2.1.7. Conditional Copula
Given [19]

F O %00 %) =[Zn‘, (x| Xl,Xz:---,Xkl)j fiy) (D

and for distinct values of i, j,il,...,im with i < j and

i1 <...< im and describe
C

1, ilig i i

(12)
= Ci iy (F(Xi | Xigs s Xim Do OG5 1 X300 X )

where f and c respectively define the marginal probability
density function (pdf.) and the copula density function. Then
the conditional pdf can be written.;

~(13)

by using equation (12) and (13) writing,

n-1n—j n
f(Xl,Xz,...,Xn)z[zz Ciivjlist,.., i+lezfm(xm)' (14)

=1 i1 m=1
CD Vine Copula
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Avine copula structure is simply defined as a nested set of trees
that define binary copula functions unconditionally in the first
tree and conditionally for the rest of the related trees. This
structure is as follows;

Definition 2.1.8.C Vine Copula

It is a sort of regular vine distribution where each tree has a
unique node connected to all the other nodes in the tree. It only
uses star shaped trees and is useful for sorting by importance.
The corresponding probability density function (pdf) can be

written as:
n-1n—

f (X, %y, Xn):nl_[f (Xk)H _

i
j=1 i=1

{F(lexl,...,xjfl), F (xj+i|x1,...,xjfl)},

Cj,j+i\l,...,j—l (15)

Definition 2.1.8.D Vine Copula

D-vine is another special case for the normal vine tree
structure which has no nodes in any tree but connects to more
than two edges. It uses paths like trees and is useful for the
temporal ordering of variables. The density function (pdf) can
be written:

f (Xl’ Xyyeens Xn) = Hf (Xk )HHCi,i+j|i+l,...,i+j—1

k=1 i=1

{F(Xi|xi+1""’ Xi+j—1) F (Xi+j|Xi+1""’Xi+j—1)}'

n n-1n-j
1

j=

3. Results

We use magnitude and depth of Eastern Anatolian fault line
and North Anatolian fault line data of stations the period 1999-
2019. Table 1 and Table 2 summarizes statistics of magnitude
and depth of Eastern Anatolian fault line and North Anatolian
fault line data. In Table 1, Table 2 and Figure 1, Figure 2 shows
different mean values for the for data set, and the
corresponding standard deviations are different. Skewness of
data set is positive, indicating that this data is skewed right.
The high kurtosis of data set reveals that extreme value
changes often occur when the tail of return distributions shows
fatness. The Jarque-Bera (JB) test shows that the normality of
eachreturn series distribution is strongly rejected at 0.05 level,
which means all price index distributions are non-normal. The
empirical distribution functions used in modelling the
dependence of Eastern Anatolian fault line and North Anatolian
fault line depth and magnitude data pairs are as shown in
Figure 3,4,5,6,7,8,9,10 and Table 3,4. For this, we used C Vine
and D Vine copula. In table 3,4,5 and Figure 1, 2, 3, 4 it is shown
that for the relationship between North Anatolian fault line
depth and North Anatolian fault line magnitude, in table 3,4,5
Figure5,6,7,8 it is shown that for the relationship between
Eastern Anatolian fault line depth and Eastern Anatolian fault
line magnitude, we use C Vine and D Vine copula modelling. In
Table 3,4, the preferred copula families for branching and the
parameter summaries of these families are given. In Figure
figure 3,4,5,6,7,8,9,10 for C Vine, D Vine matrix summaries and
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appropriate branch graphs are shown. From table 3,4,5 Figure
3,4,5,6,7,8,9,10 for dependency structure of North Anatolian
fault line depth, C vine branching was found to be appropriate
according to the information criteria. Similarly, for North
Anatolian fault line magnitude data. From table 3,4,5 Figure
3,4,5,6,7,8,9,10, for dependency structure of North Anatolian
fault line magnitude, C vine branching was found to be
appropriate according to the information criteria, for Eastern
Anatolian fault line depth data, in table 3,4,5 Figure
3,4,5,6,7,8,9,10, for dependency structure of Eastern Anatolian
fault line depth, D vine branching was found to be appropriate
according to the information criteria and for Eastern Anatolian
fault line magnitude data, in table 3,4,5 Figure 3,4,5,6,7,8,9,10
for dependency structure of Eastern Anatolian fault line
magnitude, D vine branching was found to be appropriate
according to the information criteria.

Table 1. Summary Statistics for Eastern Anatolian fault line

Adiyaman  Elazig K.Marag Malatya Sirnak
Depth
Mean 8,243636 16,15455  18,00909  17,65455 15,19273
Maksimum 15,35000 45,40000 64,20000  45,40000 35,00000
Minumum 2,600000 2,000000  6,900000  9,500000 5,000000
Std.Dev 3,393636 15,43421  16,86265 11,13008 10,19934
Skewness 0,344330 0,929670  2,087951  1,594602 1,348772
Kurtosis 3,165211 2,248423  6,270340  4,557203 3,287966
Jarqure Bera  0,229876 1,843424  12,89442  5,773121 3,373180
Probability 0,891421 0,397837  0,001585  0,055768 0,185150
Magnitude
Mean 4,500000 4,309091  4,145455 4,318182  4,300000
Maksimum 5,500000 5,100000  4,500000 5,100000  5,100000
Minumum 4,000000 4,000000  4,000000 4,000000  4,000000
Std.Dev 0,473286 0,311302  0,180907 0,345885  0,354965
Skewness 0,908170 1,601171  0,874018 1,192958  1,097454
Kurtosis 2,771923 4,845286  2,344167 3,250882  3,163643
Jarqure Bera  1,535924 6,260866  1,597635 2,637954  2,220351
Probability 0,463958 0,043699  0,449861 0,267409  0,329501

Table 2. Summary Statistics for North Anatolian fault line

Cankiri Diizce Erzincan izmit Sakarya
Depth
Mean 11,04286  20,00000  27,87143  13,51429 17,64286
Maksimum 22,30000  65,60000  66,10000  22,60000 56,00000
Minumum 7,000000 10,00000  7,000000  7,000000 3,700000
Std.Dev 5110074  20,70394  23,37404  5,863852 17,79671
Skewness 1,791256  1,828218  0,512661  0,553095 1,668841
Kurtosis 4,681279  4,624956  1,852352  1,783947 4,292637
ga;g“'e 4567817  4,669584  0,600778 0,788212  3,736549
Probability 4 101885  0,006831 070795 874283 (154300
Magnitude
Mean 4,042857  4,685714  5,200000 4,928517 4,300000
Maksimum 4,200000 7,100000  6,600000 7,600000 4,500000
Minumum 4,000000  4,000000  4,600000 4,000000 4,100000
Std.Dev 0,078680  1,080785  0,797914 1,237894 0,163299
Skewness 1,357727  1,916392  0,822842 1652398 0,248039
Kurtosis 3,233728  4,893136  2,175256 4,331803 1,421875
Jarqure
Bera 2,166593 5329972  0,988305 3702817 0,798167
Probability 0,338478 0,069600 0,610088 0157016 0,670935
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Table 3. C-vine copula estimation results.

Depth of North Anatolian fault line Copula Parl Par2 Tau Lower tail dependency Upper tail dependency

Gankuri—Ezmit I - - 0.00 - N

CDUZCG—jzmit c 2.88 0.00 0.59 - 0.79

sakarya— fzmit C 105 000 034 . 0.52

Erzincan—fzmit c 0.56 0.00 0.22 - 0.29
Erzincan,Cankiri/ Izmit I - - 0.00 - -
CErZincan,DUzcelizmiz Tawn 18.00 0.90 0.85 0.89 -

Ceraincan sakaryal iomit Tawn2180 1610 090 085 : 0.89
CSakarya,(;ankm, Erzincan/ Izmit I - - 0.00 - -

CSakarya,DUzce,Erzincan/l'zmi, SBB6 6.00 6.00  0.95 - 0.98
C I - - 0.00 - R

Diizce,GankiriSakarya,Erzincan/ lzmit

Magnitude of North Anatolian fault line Copula Parl Par2 Tau Lower tail dependency Upper tail dependency

I - - 0.00 - -

Cankiri—Izmit

C . C 2.88 0.00 0.59 - 0.79
Duizce—zmit

. N 0.03 0.00 0.02 - -
Sakarya—zmit
) C 0.56 0.00 0.22 - 0.29
Erzincan—Zzmit
, I - - 0.00 - -
Erzincan,Cankuri/ Izmit
C . Tawn 18.00 0.90 0.85 0.89 -
Erzincan, Duizce/ Izmit
C ) ] 8.48 0.00 0.79 0.91 -
Erzincan,Sakarya/ Izmit
C ) I - - 0.00 - -
Sakarya,Cankiri/Erzincan Izmit
C . C90 -0.96 0.00 -0.32 - -
Sakarya, Duzce/Erzincan Izmit
C I - - 0.00 - -

Duzce,Cankuri/ Sakarya,Erzincan Izmit

Depth of Eastern Anatolian fault line Copula Parl Par2 Tau Lower tail dependency Upper tail dependency

Ceiane_simak Tawn2 90  -532  0.06 -0.06 - -
Crataya_sirmak Tawn90  -20.00 030 -0.29 - -
C Aduyaman-_smak Tawn2 545 047 042 0.46 -
C kahramanmaras—sirmak Tawn2_270 -18.59 0.0 -0.10 - -
C kahramanmaras. Elamg/Simak Tawn2_270 -20.00 0.06 -0.06 - -
CKahramanmaras,Malatya/slrnak J90 -1.24 0.00 -0.12 - -
C kahvamanmaras, Adsyaman/Simak Tawn 417 043 038 0.43 -
C Adsyaman, Elazig, Kahramanmaras/Stmak SBB1 093  1.00 0.32 0.48 0.00
C Adiyaman Malatya, Kahramanmaras/Stmak Tawn90  -20.00 020 -0.20 - -
CMaIatya,E|a21g,Adlyaman,Kahrarrlanlnara$/$1mak t 0.07 200 0.4 0.20 020
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Magnitude of Eastern Anatolian fault line Copula Par1l Par2 Tau Lower tail dependency Upper tail dependency
C t 0.03 30.00 0.02 0.00 0.00
Elazig—Sirnak
C ]270 -1.07 0.00 -0.04 - -
Malatya—Sirnak
C SJ 15.94 0.00 0.88 - 0.96
Adiyaman—Sirnak
C SJ 15.94 0.00 0.88 - 0.96
Kahramanmaras—Sirnak
C C270 -0.00 0.00 -0.00 - -
Kahramanmaras, Elaz1g/Sirnak
C F -0.88 0.00 -0.10 - -
Kahramanmaras, Malatya/Sirnak
C BB7_270 -1.02 -0.00 -0.01 - -
Kahramanmaras, Adryaman/Sirnak
C Tawn 2.76 0.32 0.26 0.30 -
Adryaman, Elazig, Kahramanmaras/Sirnak
C Tawn2_180 1.85 0.00 0.00 - 0.00
Adryaman, Malatya, Kahramanmaras/Sirnak
C G 1.09 0.00 0.08 0.11 -

Malatya, Elaz1g, Adiyaman, Kahramanmaras/ Sirnak

Table 4. D-vine copula estimation results.

Depth of North Anatolian fault line Copula Parl Par2 Tau Lower tail dependency Upper tail dependency

C C 4.32 0.00 0.68 - 0.85
Erzincan—Sakarya
C ) C 1.05 0.00 0.34 - 0.52
Sakarya—Izmir
C 2.88 0.00 0.59 - 0.79
Izmir—Diizce
| - - 0.00 - -
C Duizce—Cankurz
C. N 078 000 -057 - -
Izmit,Erzincanl Sakarya
C ) Tawn2 20.00 093 0.89 0.92 -
Duzce, Izmitl Sakarya
| - - 0.00 - -
C(;an kir1,izmit/ Diizce
C ) BB7_270 -1.00 -1.65 -0.45 - -
Duzce, Erzincan/Sakarya, Izmir
C _ I - - 000 - -
Cankiri,Sakarya/ Duzce, Izmir
C | - - 0.00 - -

Cankurz,Erzincan/ Diizce, Izmir ,Sakarya

Magnitude of North Anatolian fault line Copula Parl Par2 Tau Lower tail dependency  Upper tail dependency

C C 0.56 0.00 0.22 - 0.29
Erzincan—lzmir
C, N 0.03 0.00 0.02 - -
Izmir—Sakarya
C C 0.02 0.00 0.01 - 0.00
Sakarya—Diizce
| - - 0.00 - -
C Duizce—Cankurz
C ) J 8.48 0.00 0.79 0.91 -
Sakarya, [zmit/ Erzincan
C ) C 3.57 0.00 0.64 - 0.82
Diizce, Izmitl Sakarya
C | - - 0.00 - -
Cankiri,Sakarya/ Diizce
C ) Tawn90 -10.77 031  -0.30 - -
Duzce, Erzincan/Sakarya, Izmit
_ | - - 000 - -
Cankar1, Izmit/ Diizce ,Sakarya
| - - 0.00 - -

Gankurz,Erzincan/ Duizee, Sakarya, izmit
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Depth of Eastern Anatolian fault line Copula Parl Par2 Tau Lower tail dependency Upper tail dependency

C gk —Kahramanmaras Tawn90  -1859 010 -0.10 ; ]
C kahramanmaras - Adsyaman t 022 200 014 0.26 0.26
Adyaman—Malatya C270 -0.83 0.00 -0.29 - -
CMaIatya—Elazzg t 0.48 200 0.32 0.38 0.38
Adiyaman, Surnak | Kahramanmaras J 2.88 0.00 0.50 0.73 -
CMaIatya, Kahramanmaras,/ Adiyaman C90 -0.70 0.00 -0.26 - -
C J 1.20 0.00 0.10 0.21 -

Elazig, Adwyaman/ Malatya

C
C

Malatya,Sirnak/ Adiyaman,Kahramanmaras Tawn2_270  -19.27 0.43 -0.42 - -

Elazig, Kahramanmarag/ Malatya, Adiyaman Tawn 12.92 0.09 0.09 0.09 -

CEIaZIQ,Slrnak/Malatya, Adiyaman,Kahramanmaras BB1_90 -1.13 -1.00  -0.36 - -
Magnitude of Eastern Anatolian fault line Copula Parl Par2 Tau Lower tail dependency  Upper tail dependency
Aduyaman—Sirnak SJ 1594 000 0.88 - 0.96
Swrnak —Kahramanmaras SJ 15.94 0.00 0.88 - 0.96
C SC 0.13 0.00 0.06 0.00 -

Kahramanmaras—Malatya

C Tawn270  -5.29 012 -0.11 - -

Malatya—Elazig

CKahramanmaras,Adlyaman/Slmak BB7_270 -1.02 -0.00 -0.01 h h
CMalatya,Slmak/Kahramanmaras C 0.00 0.00 0.00 - 0.00
CEIaan,Kahralllanmara$/Malatya SJ 1.01 0.00 0.00 - 0.01

CMaIatya,Adlyaman/ Sirnak, Kahramanmaras N 0.06 0.00 0.04 - -
0.01
C a2 $mak/ Kahramanmaras, Malatya Tawn2_180 20.00 001  0.00 -
CEIa21g,Ad1yaman/ Malatya, Kahramanmarasg,Sirnak N 0.16 0.00 0.10 - -
Table 5. Comparison of the C-vine and D-vine.
Tree C vine D vine.
Depth of North Anatolian fault line
Loglike 62.7 55.79
AlC -107.39576  -95.57715
BIC -86.42 -76.93
Magnitude of North Anatolian fault line
Loglike 38.83 39.39
AlC -63.66569 -60.78
BIC -47.35 -44 .47
Depth of Anatolian fault line
Loglike 21.47 22.52
AlC -10.93 -13.034703
BIC 20.18 13.17
Magnitude of Anatolian fault line
Loglike 30267.22 30285.76
AlC -60506.43  -60545.53
BIC -60483.51  -60524.24

66



Bitlis Eren University Journal of Science and Technology 11 (2) (2021) 60-75

Tree 1 Tree2

C Tawn2_1

Tree 4

41,35

Tree3

42,35

Figure 3. C Vine Copula Summary for Depth of North Anatolian fault line (1. Cankiri, 2. Diizce, 3. Erzincan, 4. Sakarya, 5. izmit)
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Treel Tree 2

Tawn:

Tree 3 Tree 4

23;54

Figure 4. D Vine Copula Summary for Depth of North Anatolian fault line (1. Cankry, 2. Diizce, 3. Erzincan, 4. Sakarya, 5. izmit).
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Treel
Tree 2

Tree 3 Tree 4

4,2;35

Figure 5. C Vine Copula Summary for magnitude of North Anatolian fault line (1. Cankiri, 2. Diizce, 3. Erzincan, 4. Sakarya, 5. izmit).
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Treel Tree2

Tree 4

Tree3

15;24

2R GAS

Figure 6. D Vine Copula Summary for Magnitude of North Anatolian fault line (1. Cankiry, 2. Diizce, 3 .Erzincan, 4. Sakarya, 5. izmit).
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Treel Tree 2

J BB7_27(

Tree 4
Tree 3

Tawn2_18!

4,1;35

Figure 7. C Vine Copula Summary for depth of Eastern Anatolian fault line (1. Elazig, 2. Malatya, 3. Kahramanmaras, 4. Adiyaman, 5. Sirnak)
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Treel Tree 2

TawA90
270 C!

Tree 4

25,43

Tree3

BB1_90

13;24

Figure 8. D Vine Copula Summary for depth of Eastern Anatolian fault line (1. Elazig, 2. Malatya, 3. Kahramanmaras, 4. Adiyaman, 5. Sirnak).
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Treel Tree 2

Tree3

Tawn2_18

41,35

Figure 9. C Vine Copula Summary for Magnitude of Eastern Anatolian fault line (1. Elazig, 2. Malatya, 3. Kahramanmaras, 4. Adiyaman, 5. Sirnak)
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Tree 1 Tree 2

Tawn270 SJ

O

Tree 4

Tree 3

132

Tawn2_180

24135

Figure 10. D Vine Copula Summary for Magnitude of Eastern Anatolian fault line (1. Elazig, 2. Malatya, 3. Kahramanmaras, 4. Adiyaman, 5. Sirnak)
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1. Introduction

In 1963, Tribonacci concept was introduced by Feinberg in [1].
Later, Tribonacci and Tribonacci-Lucas numbers were
investigated by Catalani in [2]. These numbers must be
regarded as a generalization of the well-known Fibonacci
numbers. Also, the Tribonacci-Lucas numbers are members of
the following general Tribonacci recurrence

u,=U,+U,+Y ., UYU,=0U,=U,=1.
The Tribonacci-Lucas sequence is

(v,)=(3137,11,21,39,71,131,241,...)

and it can be easily seen from the elements of the sequence
(v,) that v, =3,v; =1,v, =3 and

Vn+1 = Vn + Vn—l + anZ .

The following expressions for the sums of the Tribonacci and
Tribonacci-Lucas numbers can be found in [3-4]:

* Corresponding author. Tel.: +0 434 222 0020; fax: +0 434 222 9143
E-mail address: mkarakas@beu.edu.tr
ORCID :0000-0002-5174-0282(M. Karakas)
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Un+2+Un -1

LU =T

n

Vo, +V, —6
ka: n+2 n ,
k=1

E]

§ )" (Vy — V) +2
—l k-1 :( n+1 n-1 .
k:1( )V, 5

The sequences of integer number defined by recurrence
relations have been studied by many authors in [5-10]. In these
studies, authors have given Fibonacci, Lucas, Padovan and
Catalan numbers and their various properties.

Let us denote the space of all real valued sequences by w and
each vector subspace of w is named sequence space. We
indicate the spaces of null, convergent, bounded sequences and
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p— absolutely convergent series by ¢,c,(, and

(,(1<p<w).
Let s= (sn) be a sequence of non-negative real numbers with

s, >0 and take S, :Zsk for all neN . Now, we give the
k=0

following some well-known examples of particular
summability matrices which satisfy the Toeplitz conditions.

Definition 1.1. The Riesz means according to the sequence
s=(s,) is defined by the following matrix forall n,k e N :

0<k<n

Riesz mean (R,s) isalso stated for asequence (x,) as follows:

_SX FSX S X,
" S

n

[11].

Definition 1.2. The Norlund means according to the sequence
s=(s,) is defined by the following matrix forall n,k e N :
M’ k<n
ank = n '

0, k>n

Norlund mean (N,s) is also stated for a sequence (x,) as

follows:

S X +S X, + .+ SX
" S

2 [11].
The transformation (R,s) is regular if S, —>oo(n —>oo) and
(N,s) is regular if s /S —oo(n—>o0) [12]. Also, both the

Riesz and the Norlund means are reduced to the following
Cesaro mean (C,l) in the case s, =1 forall n:

| =

. k

IA

n

k>n

o s

Definition 1.3. Let (4,) be a strictly increasing sequence of
positive integers. For a sequence (xn) , C, — transformation is
defined as follows:
_ X Xy ot X, [13]
Definition 1.4. The matrix B = (Bm,n) isa (M) matrixif B is

triangular and

m,kxk n’,ka

n
<T
k=

7

for some n,n'=n'(n)(0<n'<n),(n=123,..) and for all

m(m=>n) [11]. Herein, n’ is interdepend n and {x,} butit is

independent of m . Also, the class (M) isn’t confined to the

regular matrices.

If k<n+1 for the matrix (C,l) , then we have
1 k

n+14 fn
matrix [11].

k
kiz and so the matrix (C,l) is a (M)

Theorem 1.5. Let A:(amyn) and B:(bm,n) be regular

triangular matrices and A bea (M) matrix. Therefore, if

m

Z

n=1

m n+l

a

<K

’

m,n+1
from which it is concluded that B is stronger than A [11].

Theorem 1.6. The matrix A=(a,,) is (M) matrix if it is

triangular and holds the following conditions:

a

am,k:0,0gam'kgT(Osksnsm) (1)
n,k

and

Bt 5 Bt (0<k<n<m) (2)

a a :

2. Inclusion results for the Tribonacci-Lucas matrix

In this part of the paper, we are first going to introduce a new
Tribonacci-Lucas matrix. Then, we give some relations and
inclusion results between the matrix V =(v, ) and some

well-known summability matrices by comparing them.

Now, let us define our new Tribonacci-Lucas matrix as
follows:

¢, 1<k<n
\Y :(Vnk): 2 TV -6 (3)
0, k>n

If we write the terms of this matrix, then we have

M 0 0
V,+Vv,—6

2v, 2v, 0 0
V,+V,—6 Vv, +V, -6

V= 2v, 2v, 2V, 0

Vo+V, =6 Vo+V, -6 Vv +V,—6

2v, 2v, 2v, 2v,
Vo+V, -6 Vy+V,—6 V,+V,—6 V,+V,—6
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and so,
1 0 0 0 1
13 4% o
4 4
vl 3 1T
11 11 11
1 3 71
22 22 22 22

It can be clearly seen from above that the Tribonacci-Lucas
matrix is triangular.

Now, let us define the following real valued sequence y =(y,)
which is named V — transform of a sequence x=(x,) for all
neN:

Vo=V (X)=———— (4)

First, we are going to give the definition of V — convergence in
defiance of F —convergence in [14].

Definition 2.1. If (V (x, —I)) —0 for neN and | eR, then a

real valued sequence x=(x,) isnamed V — convergentto I .

Theorem 2.2. The Tribonacci-Lucas matrix V =(v, ) is a

regular summability method < v, ,+V,—6—>c as n—>w.

n+2

Proof. Let V =(v,,) be a regular summability method. Then,

. . 2v, . .

limv, =lim k =0 from Silverman-Toeplitz theorem
n—oo n—w V + V a—

n+2 n

n [8]. Thus, V,,, +V, —6 =00, n — . Now contrarily, assume
that V,,,+V,—6—>m® as n— o Therefore,
- 2v, o 2y,

z k = k =1 and also,

ki Va2 7V, =6 GV, +V,—6

. 2v,

limv, =lim——*——=

n—o n—w V 2 + V -6
and

Ilm vV, = I|m v, =lim

z nk Z nk n_’w;Ver +V _6

In that case, the Tribonacci-Lucas matrix V is a regular
summability method.

Theorem 2.3. The Tribonacci-Lucas matrix V =(v, ) is a
(M) matrix.
Proof. Since the inequalities

2v,
V,,,+V,—6

Vasz TVo — 6 _
2v,

V., +V, —6
Voo +V, —6 v

n+2 <1

m+2

0<

78

and
2Vk+1
V2 +Vn =6 _ V., 4V, 6 < Vo2 TV, -6 2y,
N v,V =6 vV, —6 2y,
V,,,+V,—6
_ 2v, Va2V, —6
V,.,+V,—6 2v,

hold, the Tribonacci-Lucas matrix V is (M) matrix.

Definition 2.4. Let x=(x,) and y=(y,) be two real valued

sequences. Then, if there are two positive real numbers t and
T such that the inequality t.x, <y, <T.x, holds forall neN,
they are named equivalent.

Now, let us give the relation between V and (R,s) :
Theorem 2.5. Let V =(v,, ) be a Tribonacci-Lucas matrix and

X = (xn ) Then,

x, >1(V)<x, >I(R,s) for any sequence (s,) such that

be a real wvalued sequence.

(s,) and (v,) are equivalent forall neN.

Proof. Assume that x, — (V). In this case, we get

lim———
" Vheo TV,

ZVk =0.

From here, under the supposition on (sn) , the following

inequality holds:

—Zsk <—ZT Ve (X

nkl nkl

)
T
<— v
tv,,+Vv, —6% Z 4
Also, by using the similar technique, we find
t 2 .
- s < —V's (x 6
Tvn+2+vn—6kzi‘ Zk( © (%)

nkl

Resulting from x, —1(V), the inequalities (5) and (6) give us

Zsk X —1)

theorem can be easily shown by use of the same method. So,
the proof is completed.

that I|m =0 . The sufficient condition of this

Theorem 2.6. Let B=(b, ) be a regular matrix and suppose

that i\bnk -
k=1

sequence, X, —>1(B) < x, > (V).

vnk‘—>0 as n—o . Then for any bounded

Proof. For any n and bounded sequence x=(x, ), we have
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—
vg]
x

- (Vx)n ‘ =

n n
ankxk - zvnkxk
k=1 k=1

n
S ;‘bnk -

Hence, if x, —>1(B) and x, —>1(V), then we get

n
Vel [%] HXHkZ:;‘bnk ~Vy-

(%), 1| <|(vx), = (BX),| +|(BX), =1 > 0,n —o0 %)
and in a similar way
|(Bx), —1| <|(Bx), = (Vx),| +|(vx), ~1| > 0.n > o=, (8)

Consequently, the inequalities (7) and (8) complete the proof.

Now, we are going to establish the following associate matrix
V= (Vnk) :

L‘ k<n
Vg =9 Voo +V, —6 9
0, k>n

We can state the associate matrix V = (V) as a Norlund type

Tribonacci-Lucas matrix when the matrix V =(V,) can be

written as a Riesz type Tribonacci-Lucas matrix. Accordingly,
we first give the following lemma which will be used in the next
theorems.

Lemma 2.7. The series » s X"

n=1

.
and )’ S x"* are convergent
n=1

forall x where |x|<1,if (N,s,) isaregular Nérlund matrix.

This lemma is also suitable for the matrix V =(V,) just
because the matrix V =(V,,) is a Nérlund type matrix. In the
continuation of this study, we can use V, in place of V, having
regard to the definition of V =(7,).

Sy

n=1

Remark 2.8. Due to the fact that the series v(x)=

and V ( ZV x"" are convergent for all |x| <1, the series

n=1
below are also convergent:

Theorem 2.9. (N,s,) g(\7) if and only if there is T >0 such

that for every n and

im0
n—mcvn

|G| S, +] Sy + - ]| S STV,

79

Proof. Let (k,) and (h,) be the (N,s)— transformation and

(\7) — transformation of a real valued sequence ( pn) . Then, we

get

ivnhnxnfl :ivn (vn pl + anl\p/Z +..+ Vl pn) an1
n=1 n

1
:(lel)xo +(V2pl+V1p2)X1+(V3p1+V2p2 +V1p3)X2 +

n-1
F(V P+ Vo Py e VP )X

E]
Il

= Py (VX + VX v+ ) +p, (le FV, X+ VX )

2 3 4 n-1
P (VX + VX VX )+ (VX ) +

= DX (VX + VX VX VX)X (VX VXV L, X

ot P X (VX)) +

-(Zpoe | S |- pouix) (1)
n=1 n=1

In a similar way, we also have

35,k x" = p(x)s(x). (11
n=1

Now, from the hypothesis, we know that v(x)=q(x)s(x) and

v(x)p(x)=a(x)s(x) P(x)-

If we consider (17), (18) and the Cauchy product of series, then

we find ivnhan = iiqn,mﬂsmkmx”’1 and so forall neN,
1

n=lm=1

V,h, =q,Sk; +q,,Sk, +..+qS.k,. Thus, h, = anm » and

qn—m+1Sm , m S n
b = n . The matrix b, is regular, in truth

0, m>n
limb,, = lim %150 _ jim GoonsSn _ g
n—w n—w Vn n—o0 Vn—m+1

S, +..+|q,[S
S| -80S o,
Vv

n

qlsn +"'+qn51 Vn
lim b —_— =
n%mz V V

n n

Therefore, the proof of sufficient condition is completed. The
proof of necessary condition can be done by taking advantage
of the specifications in the expression of theorem.

Definition 2.10. Let 3 =(3,) be astrictly increasing sequence
of positive integers. Let us define the V, — transformation of a

sequence X =(x,) as follows:

2

ﬂ(z")
, =———— Vi Xy -
n)+2 +v/j(n) -6 k=1



Bitlis Eren University Journal of Science and Technology 11 (2) (2021) 76-81

Litlle o notation, also called Landau’s symbol is usually used
in mathematics. Informally, f(t)=0(g(t)) is supposed to
mean that f grows much slower than g and itis insignificant
o(g(t)) ifand only if

for every T >0 there exists a real number N such that for all

in comparison. Formally, we write f (t)=
t>N we get ‘ f (t)‘ <T ‘g (t)‘ andif g(t)=0, this is equivalent
to Iimw =0.

too g (t

Theorem 2.11. Let #={f(n)} and y ={y(n)} be a strictly

V)~ 6 ki
T(n)

PR

k=t(n)+1

VT(n)+z

(v( 2 Vi) = Vayio — Vi

increasing sequences of natural number. Then, V, is
v +Vv,  —6
. . - 2 i
equivalentto V, on [, if lim-Z02 A0 g,
"2V 2 TV () —6
Proof. Let x=x(n) be a bounded sequence and
T(n)=max{A(n),»(n)},t(n)=min{B(n),»(n)} . Then, we
have for any n
2 pn) 2 7(n)
V,x) — ‘ v, X D VX
‘( o ‘ ‘V/r(n TV —88T T VT —BE
2 T(n) 2 t(n)

= V, X, V. X

V()2 = Vigpez + Vi) — 6; o

2 ) 2 ) 2

= Vi X, + Vi X Vi X

VT(r\jfz +VT(n) 76;:1: o V'r(n) T(n —6y Zﬂ 1 o t(n 762 o

t(n) 2 2 2 T(n)
=D VX, 6 5 2 VX,

k=1 VT(n)+Z +VT(n) - V(n)+2 -

) 27 >)

1|
n
6)(Vt(n)+z JrV|(n) 6 VT(H)+2 +V1(m -6

.| 3
<|[X] V,
k=L * (me +VT(n) )

i) ~Vr(nye2 T VT(n))(v( n)+2 + rm) Va2 ~ Vi)
(VT(”M Vi)~ 6)(Vx(n)+z Vi) ~ 6) iz + Ve —6

<2|, {(VTWZ M VT\(I”) ~ 6) - ("un)-ze V) 6)]

‘ +

rnpz V(o)
v, +v, . —6
< ZHXHJ, [17 t(n)+2 t(n) ] _ 0(1)
VT(n)+2 JrVT(n) -6
v +v,  —6 V. +V. ., —6
. . 2 . 2
since lim-202 A0 " _q1 apd fim—2 10 =1.
"V 2 F V) — 6 "V (2 F Vr(n) — 6

Therefore, if X is V, — summable to L, then we obtain

=(V,x),

and in a similar way, ,if x is V, — summable to L, then we

0<|(v,x), - L|<|(v,), (1)+0(1)=0(2)

+‘(Vﬁx)n - L‘ =

obtain

0<|(v,x), =L =|(V,x), = (V,x),|+[(v,x), ~L|=0(1) +0(1) = 0(2).

Theorem 2.12. Cesaro matrix C, is stronger than Tribonacci-

Lucas matrix V =(v,, ).

Proof. From Theorem 1.5, if we take B =V (Tribonacci-Lucas
matrix) and A=C (Cesaro matrix), then we find

n

2nv,

2nv, ,, ‘: < 2n (
n_6‘ k:1vn+2+vn_6
2n .

= 762(VK _Vk+1)'

Vi TV 00

Vk - VK+1)

k=1

Since the inequality 2n<v,_,+Vv, —6 holds for all neN, we

n+2

have
n n
+Vv —6
2
Z Vk+1 n+ . 6 Z(Vk _Vk+1)
Voo +V, —613 Viez TV —0ia
SV =V, +V, =V + V=V, +..+V, =V, <1-v, , <L

Consequently, we obtain V — C and the proof is completed.

In general, the converse of this theorem is not true. Indeed, for

n

" 1 k
the sequence x, = ﬂ, (Cnx) = lz% is convergent but
n

Nz
the V- transformation of (x,) , that s
2 k
V X)= \ is not convergent.
(Vo) V., +V, — z k

n+2

3. Summary and Conclusions

In our study, a new regular matrix was first defined by using
the well-known sequence of integer number called Tribonacci-
Lucas. Then, we compared the Tribonacci-Lucas matrix with
the other summability matrices such as Norlund mean, Riesz
mean and Cesaro mean and also investigated the relation

between these matrices. Since the matrix V = (v, ) is regular,
the sequence (V,x) is convergent for a sequence (X, ). So, for
the matrix V =(v, ), both statistical convergence and the

studies with regular matrices can be investigated.
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The focus in this study is on the formation of the NO, molecule on the O+NO system, which is the atom-
diatom reaction that occurs the most according to the molecular concentrations formed as a result of
lightning flashes. In this study, it was mentioned that another external effect that affects NO, molecule
concentrations, other than temperature and visible electromagnetic radiation, is the electric field. This will
suppress the formation of O, at high temperatures and the formation of NO concentration at low
temperature, as it increases the barrier in the product channel on the reaction pathway and NO+O
recombination in the reactant channel under favorable conditions. Under these two conditions, the NO»
population might be supported by electric field

© 2021. Turkish Journal Park Academic. All rights reserved.

1. Introduction

Troposphere is an atmospheric layer in which the activity of
anthropogenic and greenhouse gases is high (C, Cl, F etc.), and
where water molecules are important for all living activity in
the world. This layer has a height of approximately 18 km from
the ground in the equator, but extends up to 5 km at the poles.
Within this layer, many reactions can take place by means of
reactive scattering, recombination, and photo-dissociation.
Apart from human activity and sunlight, another reaction
medium in this layer is the lightning flash, which provides
rapid combustion and cooling environment. Lightning is a
natural radioactive source with its fusion and fission reactions
at high temperature (Levine, 1995). To nearly a height of
clouds from the ground surface, the concentrations of Oz and
Nz molecules are about 99% when compared to other
molecules. For this reason, NO molecule shows the most
formation with atomization of these molecules in the air
environment as a result of electron discharge. Other molecules
formed rather than this molecule are respectively, from large
ones toward small ones according to their concentration

* Corresponding author. Tel.: +0 434 222 00 20
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ORCID : 0000-0003-4806-8576 (E. Karabulut)
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density, listed as NO2, HONO, N20, H202, HOz, CO. The change in
the number of NO molecules is proportional to the electron flux
per lightning flash. Lightning is redirected to the earth from
cloud, to cloud from the earth and cloud from cloud. However,
this is not a factor affecting the formation of molecules. It only
affects concentration. Another factor affecting the molecular
density of NO is the electric field in the environment, also
known as a parameter that initializes lightning. The electric
field is predominantly vertical between the cloud and the
earth’s surface and is continually active before, after and
during the flash. With flash, magnitude of the electric field
changes in the degree of kV/m. It varies in the range of 25-
100kV/m in size (Rakov and Uman, 2003). The minimum
stretch of electric field to start lightning is around a few kV/m.
In addition, width of the electric field can be up to range of
several km [Jacobson and Streets, 2009; Coleman et al., 2003].
In the open and clean air, the electric field power is 20-30 V/m
and in the lightning-free cloudy environments it is around 800
V/m (Larossi etal.,, 2011). Unlike the above mentioned electric
fields, in positive and negative Corona discharge events, it can
occur under high electric field, from 10¢ to 108 V/m (1 a.u
=5.14x1011 V/m) (Riba et al, 2018; Bazelyan et al, 2008;
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Kherbouche et al, 2016; MacGorman and Rust, 1998). If
assuming that there are no greenhouse gases (H20, COz, O3,
N20, CH4 and NO2, formed as a result of combustion reaction
and of human activity) in lightning flash, and that lightning
occurs in dry weather (no rain), NO (nitrogen oxide) and NO:
(nitrogen dioxide) are the most two concentrated gases in the
environment (Salonen et al,, 2019; Smirnov and Marapulets,
2012). In fact, when considering the concentrations of trace
gases such as H20 and COz2 at the temperature considered, they
have no effect on the formation of gases such as NO and NO-.
Typical hurricane produces 2-40x1025 molecules of NO per
flash (Schumann and Huntrieser, 2007). NO is known as short-
lived trace gases and can be converted to stable free radical
NOz by NO + O reaction (Lagzi et al, 2013). Since the
concentrations of greenhouse gases in the environment are
relatively low, the effect of X-ray, Gamma rays and free
electrons in the reaction medium known as the center of
lightning, which can reach temperatures up to 40000 K, is more
effective on the NO2 molecule. NO2 +hc/u (4 <420 nm) can be
re-separated into NO + O by depending on lifetime of the
excited complex (Michalski et al.,, 2004; Grebenshchikov et al.,
1999; Ivanov et al,, 2007). In addition, under the influence of
lightning in the environment, interaction of cold environment
02 molecules with the dissociated hot O atoms can form O3 and
this molecule is a strong radical which is prone to reaction
(Franzblau and Popp, 1989). The presence of trace gases in the
environment, such as water vapor, makes the formation of
nitrogen oxides HNO2z (nitrous acid) and HNOs (nitric acid)
more efficient (Tuck, 1976). Since a number of chain reactions
caused by charge discharges in the air environment in the
mixture of nitrogen and oxygen affect each other’s intensities,
they support different formations (Fedotov and EYa, 2015).
Thus, the NO molecule decreases over time. Lightning system
was tried to be done in the laboratory by Hill et al. (1980). The
production of NO and NOz was attempted to be detected with
mixed of heated air by lightning and surrounding air molecules
(air cooling channel). Two important ions between 3000-
10000 K are e- (electron) and NO*. NO+ e- > N + O reaction has
reaction rate constant of 107 cm3/s. Lightning is a heating
system that can affect the area of 20 cm from the surface of the
main electron flow line. At the same time, it emits heat in the
shape of a shock wave. Therefore, if considered the ambient
temperature to be 200-300 K and the ambient pressure below
about 1 atm, an effective reaction medium is formed up to 9 cm
from the main energy line. Temperature varies at every point
in order of microseconds. In other words, the environment first
goes into the process of heating and then cooling. Kunova and
Nagnibeda (2017) showed that the rate constant of the NO + O
>N + 02 reaction is 1.56x10°.T .exp (-19450 / T) in simulation
of the gaseous molecular reaction. They also achieved
experimentally the highest NO concentration at 4000 K and
examined N2+O->NO+N and O2+N->NO +0 reactions according
to vibrational quantum numbers of product and reactant
molecular. In the work is seen that the increased vibration
energy of the reactant molecule causes the product molecule in
high vibration quantum states. At the program designed under
shock wave was used in non-equilibrium air environment. It

83

has been observed that the shock has dropped from 12000K to
8000K temperature up to 0.5 cm from the center. It has also
been observed that ambient temperature decreases linearly
from 8000 to 6500K from 0.5 cm to 3.5 cm distance. This
temperature change has also effected on the concentration of
molecules and atoms in the environment. As seen in that work,
while number of O and N atoms increase up to 0.5 cm, NO
molecules increase at the same rate and at the same range.
From 0.5 cm to 3.5 cm the increase rate in O and N atoms is less
while NO and Oz molecules start to decrease. NO formed in the
range of 0-0.5 cm start to decrease by means of reacting with O
atom in the range of 0.5 and 3.5 cm. Thus NO2 which has the
second highest concentration in the medium starts to form.
Thus the current process constitutes the NO + O reaction from
the reactant channel to the transition state region. In order to
form the system as N + Oz, it needs to receive external energy.
UV radiation generated by high electric current, which
continues in milliseconds, can affect the molecular system
created by the shock wave occurring in microseconds. Such a
system takes place under appropriate temperature, electric
field and ro-vibration energies.

The aim of this study is to investigate the NO2 that occurs
during lightning flashing under an electric field which is an
effective factor in the corona discharge event. To do this, after
optimizing the system in all minimum and transition state
regions along the reaction path, it is necessary to re-optimize
by applying electric fields in three dimension. In regions
showing the most effective change, a new total electronic
energy is determined. Thus, a new fit function that defines the
energy difference in those regions is needed. When this is
applied, the system acts as if it were under a constant electric
field.

2. Computational Details and Approaches

The present calculations are performed on DFT-B3LYP
function with aug-cc-pvTZ, basis set in doublet spin in
Gaussian09 (Frisch et al., 2009). The potential energy surface
(in Sayos et al. (2002)) used by modifying in this work is based
on CASPT2 (17,12) G2/aug-cc-pvTZ. The Table 1 shows the
equilibrium bond distances and total energies of the related
region for both works. The molecular system is kept under an
electric field of 108 V/m in these regions. This value of used
electric field is the maximum electric field value observed
between the clouds and the earth surface in the Corona
discharge event. The transition state and minimum energy
zones in the Table 1 have been recalculated under the electric
field with the base function in present calculations. In the
calculations, the effects of electric field in three dimensions are
examined. As a result, under such a high electric field, the total
energy has only changed in the TS-1 and Min-1 regions. The
other regions are exposed 100 times more to electric field just
to see how far it can go. But their total energies have no an
effective change. The changes related to corona discharge are
shown in detail in both Table 1 and the following reaction path
graph (Figure 1).
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There is no a serious inconsistency between the basis function
used in Sayos et al. (2002) and basis function used to show the
effect of electric field in the present work. The meaning of the
most effective change mentioned in the title is to determine the
maximum affected direction under the maximum electric field.
That is, the maximum change in the electric field applied in Ts-
1 is shown in the x-direction and one in Min-1 is achieved in
the y-direction. Figure 1 shows the differences in total energy
between ordinary lightning flash and corona discharge event.
To apply the energy changes obtained by basing on another
potential function to the potential energy surface in Sayos et al.
(2002) causes a small amount of error. However, differences in
these potential and distances among atoms are not very
effective at the related areas. Other regions are not affected
much in any way under the electric field although this is not
mentioned in detail. Because the energy differences under the
electric field in these regions are in the order of 104 eV.
Therefore, it is not taken into account.

Figure 1. The reaction path of O+NO > N+0: Reaction. Reactant
asymptote is referenced to 0 au. Note that the energy values in Table 1
are not referenced to zero.
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Table 1. Equilibrium bond distances and total energies belonging to transition state and minimum energy points on 0+NO-> N+0: reaction system.
The calculated values in Sayos et al. (2002) are indicated by the upper index "a". Energies are atomic units and distances are angstrom. Oz is the
coming atom, E.F is the case applied of electric field and E is total energy of system.

Regions Re(NO2)? Re(NO2) Re(0102)? Re(0102) <N020:2 <N0:20: E?2 E
Global Min 1.218 1191 - e e e -0.1731 -0.1760
Ts-1 1.151 1.125 2.007 2.293 88.4 89.76 -0.0545 -0.0586
TS-1-EF - 1103 - 1934 - 8732 - -0.0028
Min-1 1.168 1.125 1.966 2.186 116.98 118.11 -0.0599 -0.0613
Min-1-EF - 1126 - 2188 - 118.02 - -0.0082
TS-2 1.202 1.132 1.475 1.557 125.81 131.78 -0.043 -0.037
Min-2 1.241 1.194 1.338 1.358 121.7 124.83 -0.0454 -0.0405
TS-3 1.901 1.864 1.233 1.220 109.06 114.18 0.0109 0.0061

Another neglected point is the reactant minimum. The
reactant minimum could be optimized under the electric field
applied in the direction of 0----O-N atomic distribution. There
was no effective change in such a situation. However, if an
electric field is applied in a direction perpendicular to this
direction, the reactant minimum cannot be optimized and
tends to form a global minimum. That is, the electric field for
the reactant minimum is parallel to the O---O-N distribution.
This case is a limitation for the global approach. As a result,
under an electric field of 108 V / m, Ts-1 shows the most
effective change with an increase of 0.37 eV, and secondly by
0.33 eV, Min-1 changes. Others have been neglected with a
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change of 10-4 eV as mentioned above. The final shape of the
potential energy surface was fit using the difference
polynomial in the Mathematica 12.0 program (Wolfram
Research, Inc, (2019)). This difference polynomial as a
function of the distances between atoms is AV = 0.416678 —
0.0143469 * RO,N — 0.13848 * RO,0, — 0.0813487 * RO N.

Here distances between atoms are unit of Angstrom and are
defined as 1.60 < RO,N < 2.69, 1.55<R0,0, <2.15 and
1.15 < RO;N < 2.20. These values start from a point that is
close to the global minimum region and continue up to Ts-2.
Energy changes in the global minimum and Ts-2 regions is
considered as 0. They act as the node point for the exchange
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polynomial. To take a picture of potential energy surface in 3
dimensions, it should be showed in the geometry that indicates
the most effective change. This region is between Ts-1 and Min-
1 as seen Figurel. The factor that facilitates to polynomial fit
between these two regions is that the distance between 01 and
N changes effectively. As seen in Table 1, the distances between
atoms do not change much, while the angle is more variable.
This angle on the Oz atom (the atom transferred from N atom
to O1 atom) in the system varies between 20-27 degrees. The
change of 3-dimensional potential energy at approximately 25
degrees is seen in Figure 2.

without Electric Field
with Electric Field

0.7
0.65
06
055
05
0.45
04
=035
03
0.25
0.2

o g0
Ro.x 8o 202 4 ﬁo.c;

Figure 2. Potential energy surface at approximately 25 degrees in 3
dimensions with and without electric field. Here distances between
atoms is unit of atomic.

The potential energy surface region that is fit is a very small
surface once compared to the global surface. The fact that the
atomic distance between Ts-1 and Min-1 does not change very
effectively (except for the change of distance between 01-N)
made it easier to make fit. Another simplicity is that it does not
require a very detailed convergence test in time propagation.

3. Conclusions

The focus was on the formation of the NO2 molecule on the
0+NO system, which is the atom-diatom reaction that occurs
the most according to the molecular concentrations formed as
aresult of lightning flashes. In this study, it was mentioned that
another external effect that affects NOz molecule
concentrations, other than temperature and visible
electromagnetic radiation, is the electric field. It was observed
that the electric field in question affected only two transition
regions (Ts-1 and Min-1) on the O+NO -> N+O:2 reaction
system. It also increased the barrier energy by increasing the
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total energy in these regions. In such increased barrier
reactions, the reaction rate slows down. So, these situations
suppress the formation of Oz at high temperatures and the
formation of NO concentration at low temperature, as it
increases the barrier in the product channel on the reaction
pathway and NO+O recombination in the reactant channel
under favorable conditions. Under these two conditions, the
NO2z population might be supported by electric field. It is
important to research the reactions belonging to O(3P) (atom
used in present study) with high concentration occurred in
airglow events such as lightning flash. Oz can be produced by
the interaction of O(3P) atoms to each other, which also causes
the emergence of the O (1S) atom (it interacts with excited
oxygen molecules and disappears to form ozone) in the high
temperature region. However, it is 106 times less than NO
molecules in population. Moreover, in the low temperature
region, these stimulated oxygen contributes very little to Oz
production. Another reaction that produces Oz in atmospheric
chemistry in the presence of NO and O3 in high population is
NO+03> NO2z +02. This reaction is defined below 500 K.
However, this reaction does not show Arrhenius behaviour in
the studied shock wave temperature range as can be seen from
the change in concentrations in the study of Ripoll etal. (2014).
To produce Oz around 1000 K as in atmospheric and
experimental, higher reactant vibrational energy must be
obtained. High vibration energy is the reaction starter in
reactions occurring under such shock waves.
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The aim of this study was to investigate the crystallization behavior of nano-wire SiO,-Li,0 glass ceramic
(GC) during the slow cooling process by using density functional theory (DFT). For this purpose, the
extended tight-binding with self-consistent charge (SCC-DFTB) was used to investigate the geometric
optimization and molecular dynamics (MD) process for model system. The structural development was

analysed by radial distribution function (RDF) at determined temperatures. The results show that the
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system tends to crystallization at lower temperatures and transforms from liquid phase to crystal phase
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1. Introduction

Today, glass-ceramics (GC) are applied in many advanced
technology areas due to their superior corrosion resistance
and toughness properties compared to traditional glasses and
metals [1, 2]. Some of them include biomedical applications,
superconducting materials, materials with high dielectric
constant and applications to the field of electronics [3]. In
addition, they are produced in many lithium-based materials
and have great advantages in terms of their physical and
mechanical properties [4]. Among these, lithium dioxide (Li20)
is mild compared to other compounds, has a low viscous
temperature, high conductivity, good formability and high
optical properties [5-7].

Being used as materials in different technological areas,
lithium-silicate glass-ceramics are well known for their good
mechanical properties [7]. Lithium silicates are particularly
interesting materials due to their tritium-forming and similar
properties and their compatibility with building materials [4-
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7]. Lithium silicate glass-ceramics have superior mechanical
and optical properties when used in multi-component systems.
Due to these properties, they have many studies in theory and
many applications in practice. Lithium silicate GCs are mostly
used in ceramic-metal sealing joints and dental applications
[8]. However, most of their characteristic behaviours are still
unexplained. In particular, there are deficiencies in the
nanostructure related to processes based on a number of
experimental ~measurements, such as crystallization
mechanism and kinetics. The use of computational methods to
eliminate such deficiencies is increasing day by day. Especially,
molecular dynamics (MD) simulations based on DFT and
classical interactions are useful way to investigate many
physical properties of molecules as a function of time and
temperature [9-11]. This method used to calculate, for
example, the total energy during physical and chemical
processes can be determine because it provides thermal
treatment for a period of time [12].
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2. Material and Method
2.1. DFT and MD details

The extended tight-binding with self-consistent charge (SCC-
DFTB) approach based on quantum mechanical methodology
is a DFT-based method regarding to the electron density
fluctuations [13, 14]. The set of parameters
QUASINANO2013.1 [15] available in the Amsterdam Density
Functional (ADF) library is utilized for single point calculations
of molecules [16-18]. More details about the SCC-DFTB method
can be found in Refs. [13, 14]. The MD simulations are
performed using the ADF software (version 2020.104) [18]. In
our study, SCC-DFTB is used for MD simulations. The
Berendsen [19] thermostat and barostat are adopted to control
temperature and pressure of the system and time-step is set as
1.25 fs during the simulation. Firstly, the system is equilibrated
for 12.5 ps at 2500 K and secondly, the temperature of system
decreases from 2500 K to 300 K within 625 ps with a cooling
rate of 3.52x1012 K/s. The main parameters and atomic
configurations are recorded at every 12.5 ps to investigate the
structural and thermal changes.

3. Results and Discussions

We have built a SiO2-Li20 glass ceramic structure to investigate
the geometric optimization and MD process using SCC-DFTB.
For this purpose, SiO2 crystal lattice has been set up according
to Fd3m space group by using builder option in SCIGRESS
software [20]. Liz0 atoms are distributed to upper and top side
of SiOz in the simulation box which contains 120 atoms. As a
start, the bulk GC system is transformed to a nanowire
structure with 39 A lattice parameter at one dimension. Then,
this nano-wire GC is optimized to determine most stable
structure. The nanowire SiO2-Li20 GC model system is shown
in Fig. 1.

Fig. 2 shows the geometric optimization process and the final
structure of SiO2-LizO GC at the end of optimization with
respect to the frame number or optimization iteration steps.
The energy of the GC system has the maximum value at the
beginning of optimization. The energy reaches its minimum
value at the final optimization because the system has high
stability compared with the beginning structure.

Fig. 3 and Fig. 4 show the variation of some physical
parameters with frame number or MD steps during the MD
process for SiO2-Li20 GC. As seen from figure that the
temperature of system is linearly decrease with MD time after
relaxation. The total energy of system decreases with
increasing MD time during slow cooling process. The bond
lengths between some selected atoms exhibit the fluctuations
at liquid phase due to increase of atomic mobility. These
fluctuations dramatically decrease after 400 ps because the
system transforms a stable crystal phase.
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Figure 1. The nanowire SiO2-Li20 GC model (Gray atoms, yellow atoms
and red atoms represent Li, Si and O, respectively).
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Figure 2. Optimization process of model system (a) variation of energy
with optimization iteration (b) final structure of Si02-Li2.0 nano-wire
GC at the end of optimization.
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Figure 3. The variation of total energy and temperature of system
during MD process.
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Figure 4. Variation of distance between some selected atoms during
MD process.

Fig. 5 shows a snapshot from MD simulations corresponding to
nanowire model system at beginning structure, the structure
at 2500 K and final structure at 300 K, respectively. We can say
from figure that the atomic distribution in the system at 2500
K more disordered than beginning structure due to increase of
atomic mobility as seen Fig. 4. Hence, the volume of system is (a) (b) (©
seen broadly at 2500 K. But, the atomic mobility increases with
the decreasing of temperature. It can be said that the system
has a more ordered structure. These results can be support structure b) structure at 2500 K c) final structure at 300 K.
with radial distribution function (RDF) analysis.

Figure 5. A snapshot corresponding to nanowire model (a) beginning

The structural characteristics of a system can be analysed by

radial distribution function (RDF, g(r)) which provides the 12
probability of finding neighbor atoms at a distance of r from an
atom [21]. Fig. 6 shows the partial RDFs or g(r) of bond pairs
(Si-Si, Si-0, 0-0 and Si-Li) for system at 2500 K, respectively.
The first peak in the RDFs represents the short-range order,
and the second peak becomes more broadened compared to
the first peak of the RDF curve because the periodic crystal
order is not dominant at the liquid phase. Fig. 7 shows the
partial RDFs of bond pairs (Si-Si, Si-O, 0-0 and Si-Li) for system
at 300 K, respectively. From figure, the much higher order
peaks at long atomic distances in the RDFs represent the long-
range order because of formation of stable crystal structure.
We observe that slow cooling rate causes in better-defined
crystal peaks with higher values of the first and second
maximum of gSi-O(r). Figure 6. The partial RDF curves at 2500 K.

g(r)

Figure 7. The partial RDF curves at 300 K.
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4. Conclusions

In summary, we performed SCC-DFTB based on density
functional theory calculations on the crystallization process of
nano-wire Si02-Li20 glass ceramic with molecular dynamics
simulation method. The total energy was minimum value at the
final of optimization. With the DFTB calculations, MD
simulations for the slow cooling of system have been
conducted. The atomic mobility’s decreased during
solidification and the position of the RDFs peaks emerged at
longer atomic distances because the crystallization occurs at
lower temperatures with a slow cooling rate.
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In the study presented here, we investigated the whole-rock K-Ar dating and petrological significance of
trace element compositions Bitlis (Eastern Anatolia) ignimbrites associated with explosive activities of
the well-known Quaternary Nemrut volcano. Considering the previous age determinations (40.9 ka —
264.1 ka) of ignimbrites sourced in Nemrut volcano, and because they contain lithic clasts, obtained
whole-rock K-Ar age of Bitlis ignimbrite flow deposits suggest that they are younger than late Pleistocene
(< 790 ka), and occurred as the first products of pre-caldera stages of Nemrut stratovolcano. Bitlis
trachydacitic ignimbrites with shoshonitic affinity are characterized by the typical negative anomalies of
Eu, Nb-Ta, and Ti in chondrite-normalized spider and multi-element variation diagrams, and plot in the
fields of within-plate and post-collisional tectonic setting in Rb vs Y+Nb discrimination diagram.
Accordingly, similar to that of Nemrut volcanic products, trace element signatures (e.g., high Nb, Ce, Y,
and Zr contents) of Bitlis ignimbrites show coincidence with geochemical characteristics of Ap-type silicic
magmas. Relative to the upper crust, higher La/Ba and Nb/La, and lower Ba/Ta and La/Ta ratios of Bitlis
ignimbrites, which are close to that of Nemrut basalts previously reported as the most recent volcanic
products, suggest an interaction between OIB-like basaltic magma and upper crust. Our results point to
Ay-type silicic magma generation in Eastern Anatolia post-collisional extensional setting, and Nemrut lava
and pyroclastic rocks (e.g., Bitlis ignimbrites) formed by partial melting of upper crustal rocks at shallow
level via interaction with OIB-like basaltic magma derived from a common mantle source.

© 2021. Turkish Journal Park Academic. All rights reserved.

have been performed on bulk-rock samples of Bitlis

1. Introduction

ignimbrites. The magma type, from which they produced,
geochemical characteristics and petrological signatures of
Bitlis ignimbrites and associated felsic-silicic volcanic rocks of

Felsic ignimbrite flows generated by explosive Quaternary
active Nemrut volcano from Eastern Anatolia (e.g., Karaoglu et
al, 2005; Ozdemir et al, 2006; Koralay et al, 2011, 2014;
Cubukcu et al, 2012, Sumita and Schminke et al, 2013;
Schminke and Sumita, 2014) are well exposed along with Bitlis
valley. Although, stratigraphic position, mineralogical,
petrographical, and major-chemical compositions of Bitlis
ignimbrites have been studied by some researchers (e.g,
Karaoglu et al, 2005; Koralay et al, 2011, 2014),
geochronological dating and trace element compositions of
these rocks are still lacking. Hence, in this study, K-Ar age
determination and trace and rare earth element (REE) analysis

* Corresponding author. Tel.: +0 532 730 6733
E-mail address: hcoban@beu.edu.tr

Nemrut volcano, which are derived from a common magma
source, have also been discussed.

1.1. Bitlis ignimbrites in the geological setting

Quaternary active Nemrut volcano is situated 12 km north of
the Bitlis-Zagros suture zone, southern margin of continental
collision between Arabian and Anatolian plates (Cubukcu etal,,
2012) (Figure 1). The Bitlis ignimbrites exposed in the Bitlis
area (Eastern Anatolia) are a restricted-volume, pyroclastic
deposit generated by Nemrut volcano in the Quaternary (Fig.

ORCID : 0000-0002-9614-6818 (H. Coban), 0000-0002-1743-4425 (O.A. Kalkan)
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1, Ozdemir et al.,, 2003; Karaoglu et al,, 2005; Koralay et al,,
2011, 2014). The Bitlis ignimbrite flows overly the
metamorphic basements (known as Bitlis metamorphics)
comprising Devonian to Cretaceous metasedimentary rocks
along with Bitlis valley (Fig. 1). Recent alluvium and
travertines are the youngest lithological units in the study area
(Fig. 1). The columnar structures of Bitlis ignimbrites along
with Bitlis valley are their most characteristic feature (Fig. 2).
They have a massive, matrix-supported structure, poorly
sorted, with lithic and pumice clasts of varying size scattered
in the ash matrix, not showing evident grading of coarse clasts
(Koralay et al, 2011). They are generally homogeneous
throughout their thickness. The Bitlis silicic ignimbrites
associated with Quaternary Nemrut explosive stratovolcano
have a high thickness (up to 8m) in Bitlis valley. Detailed
mineralogical and petrographical properties of these
ignimbrites are not given here and can be found in Koralay et
al, (2011 and 2014).
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Figure 1. Location (upper figure) and geological (lower figure) maps
of the study area (modified from Sumita and Schminke et al., 2013,
and Sengiin et al,, 1991).
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Figure 2. Field view of Bitlis ignimbrites showing the columnar
structure, in Bitlis valley.

2. Methodology

Whole-rock K-Ar isotopic age analyses of the sample BH4 from
Bitlis ignimbrites were conducted in the ACT-LAB (Canada),
using the MI-1201 IG mass spectrometer. Aliquots of the
sample were weighted into Al container, loaded into the
sample system of the extraction unit, degassed at ~100°C
during 2 days to remove the surface gases. Argon is extracted
from the sample in a double vacuum furnace at 1700°C. The
determination of radiogenic argon content was carried out
twice on MI-1201 IG mass-spectrometer by isotope dilution
method with 38Ar as the spike, which is introduced to the
sample system prior to each extraction. The extracted gases
were cleaned up in a two-step purification system. Then pure
Ar is introduced into a custom-built magnetic sector mass
spectrometer (Reinolds type). Two globally accepted
standards (P-207 Muscovite and 1/65 "Asia" rhyolite matrix)
were measured for 38Ar spike calibration. For age calculations
the international values of constants were used as follow:
AK=0.581*10-10y-1, 40K=0.01167
(at.%).

AB-=4.962*10-10y-1,

The major, trace and REE analyses of five bulk-rock samples of
Bitlis ignimbrites have been performed in
the Geochemistry Research Laboratories of Istanbul Technical
University (ITU/JAL). The samples were grounded using
a Tungsten Carbide milling device. Major elements of the
samples were analyzed using a BRUKER S8 TIGER model X-ray
fluorescence spectrometer with a wavelength range from
0.01-12 nm. Trace elements were analyzed by Inductively
Coupled Plasma-Mass Spectrometry using an ELAN DRC-e
Perkin Elmer model. Approximately 50 mg of powdered
sample was digested in two steps. The first step was completed
with 6 ml of 37% HCI, 2 ml of 65% HNO3 and 1 ml of 38-40%
HF in a pressure- and temperature-controlled Teflon beaker
using a Berghoff Microwave at 135 °C. The second step was
completed with the addition of 6 ml of 5% boric acid solution.
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3. Results and Discussion
3.1. K-Ar dating

Obtained data from the whole-rock K-Ar geochronological
dating of Bitlis ignimbrites gave the age of 790 ka (late
Pleistocene) and presented in Table 1. The historically active
Nemrut Volcano (Eastern Anatolia) has been the source of
intense Plinian eruptions for >530.000 years (Sumita and
Schmincke, 2013). Previous age determinations of ignimbrites
sourced in Nemrut volcano gave the ages of between 40.9 ka
and 264.1 ka (Sumita and Schmincke, 2013). Cubukcu et al,,
(2012) indicated that the oldest volcanic rocks (~1.0 Ma) from
Nemrut caldera are determined from metaluminous
trachytes/rhyolites. Apart from the older age of 2.5 Ma for a
widespread basaltic lava flow exposed along the Bitlis Gorge,
all other dates range from ca. 0.5 Ma to the Holocene (Sumita
and Schmincke, 2013). Considering the overall eruptive history
of Quaternary Nemrut stratovolcano (e.g.,, Ozdemir et al., 2006;
Cubukcu et al, 2012; Sumita and Schminke et al, 2013;
Schminke and Sumita, 2014), obtained age data of the Bitlis
ignimbrites including lithic clasts indicate that they are
younger than late Pleistocene (< 790.000 years), and
corresponds to the first silicic products of the pre-caldera stage
of Nemrut volcano, which confirm the initiation of early-stage
silicic pyroclastic products with trachydacitic ignimbritic flow
deposits at the south of caldera.

Table 1. K-Ar isotopic age analyses of Bitlis ignimbrites

40Ar rad, %*Ar | Age, | Ma
Sample |K, %o (ng/g) air Ma | Error 20
BH-4 | 4.27+0.05 | 0.235+0.006 | 78.7 | 0.79 0.04

3.2. Trace element inferences for magma style of Bitlis
ignimbrites and Nemrut felsic volcanic rocks

Major oxide, trace, and REE analyses of five samples from Bitlis
ignimbrites are presented in Table 2. In terms of the TAS (total
alkali-silica) diagram of Le Maitre et al, (2002), Bitlis
ignimbrites can be classified as trachydacite in composition
(not shown). Bitlis trachydacitic ignimbrites (K20/Naz0 ratios
range between 1.1 to 1.5) and Nemrut felsic-silicic volcanic
rocks with potassic character (e.g, Ozdemir et al, 2006;
Cubukcu et al.,, 2012) show a shoshonitic affinity (K20/Naz0 =
% 1) (not shown). As shown in Figs. 3a and b, Bitlis ignimbrites
demonstrate pronounced Nb-Ta, P, and Ti depletions in the
primitive-mantle normalized multi-element diagram, and an
obvious negative Eu anomaly in chondrite-normalized REE-
diagram, which are consistent with that of the upper crust
(Rudnick and Gao, 2004). Such geochemical anomalies are also
akin to Nemrut felsic-silicic volcanic rocks having slightly but
remarkable negative anomalies of Nb-Ta, P, and Ti (Ozdemir et
al,, 2006; Cubukgu et al., 2012). Slight negative Nb-Ta depletion
is also observed in Nemrut basalts (Ozdemir et al, 2006).
Considering their geochemical characteristics, the Bitlis
ignimbrites and Nemrut felsic-silicic volcanic rocks
demonstrate a chemical affinity to A-type silicic magmas with
high FeOtot/(FeOtot+MgO) and Ga/Al ratios, },(K20+Naz0),
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and ) (Zr+Nb+Ce+Y) contents (Whalen et al,, 1987; Eby, 2011),
and the Bitlis ignimbrites and Nemrut felsic-silicic volcanic
rocks fall well within the fields of A-type silicic magmas (Figs.
4a and b). For A-type magmas, Eby (1992) further divided
them into genetically distinct Al-anorogenic and A2-post-
orogenic chemical subgroups. As shown in Fig 4c, the Bitlis
ignimbrites and Nemrut felsic volcanic rocks plot within the A2
subgroup, which are also compatible with within-plate and
post-collisional settings, which are shown in Fig. 4d.
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upper crust is from Rudnick and Gao (2004). Nemrut basalts are from
Ozdemir et al,, (2006).
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Figure 4. Ga/Al vs Zr+Nb+Ce+Y (a), Na2o+K20 vs Ga/Al (b), Y-Nb-Ce
triangle (c) and Rb vs Y+Nb (d) variation diagrams for Bitlis
ignimbrites. For comparison, Nemrut felsic-silicic volcanic rocks
(Ozdemir et al,, 2006) are also plotted. A-type, Al and A2 type, FG, OGT,
I, S, and M type magma fields are from Whalen et al,, (1987) and Eby,
(2011). Syn-COLG, ORG, VAG, WPG, and Post-COLG fields in d are from
Pearce (1996).
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Table 2. Major, trace and REE analysis of Bitlis ignimbrites.

(wt.%) | BH1 BH2 BH3 BH4 BH5
Si02 67,14 66,99% 65,06% 64,64% 67,08%
TiO2 0,46% 0,46% 0,46% 0,44% 0,39%
Al203 | 14,12% 13,96% 15,47% 15,39% 13,71%
Fe203 3,95% 3,97% 3,49% 4,43% 4,46%
MgOo 0,13% 0,21% 0,12% 0,16% 0,17%
Ca0 1,32% 1,36% 1,25% 1,27% 1,16%
Na20 3,54% 4,54% 531% 4,90% 4,14%
K20 5,33% 5,65% 591% 5,91% 5,36%
MnO 0,05% 0,11% 0,08% 0,10% 0,08%
P205 0,11% 0,08% 0,07% 0,09% 0,06%
Lol 3,48% 2,26% 2,34% 2,25% 3,02%
Total | 99,63% 99,59% 99,56% 99,58% 99,63%
(trace element in ppm)
Sc 7 6 4 4 4
Co 39 21 36 15 12
Ni 59 83 33 25 130
Ga 21 13 142 18 19
Rb 157 138 186 127 165
Sr 104 52 84 57 50
Zr 665 681 835 724 748
Nb 50 31 26 43 43
Ba 749 763 772 657 566
Pb 66 105 41 45 43
9 8 8 7 6
76,000 81,000 69,000 67,000 73,000
Hf 14,000 13,600 15,000 14,400 19,000
Ta 2,100 2,000 1,900 2,100 2,000
(REE in ppm)
La 92,987 70,603 61,865 60,710 64,771
149,41 131,69 128,13 130,28
Ce 202,761 1 7 5 8
Pr 23,343 17,592 15,461 15,119 16,123
Nd 87,620 68,152 57,639 56,159 60,480
Sm 18,131 14,025 12,360 11,858 12,449
Eu 3,154 2,596 2,425 2,054 1,906
Gd 19,604 16,281 14,113 13,342 14,565
Tb 2,788 2,405 2,057 2,007 2,176
Dy 15,328 13,502 11,791 11,640 12,813
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Ho 2,934 2,789 2,449 2,403 2,688
Er 8,461 8,478 7,663 7,348 8,121
Tm 1,140 1,210 1,121 1,064 1,166
Yb 7,782 8,026 7,325 7,076 7,874
Lu 1,147 1,228 1,106 1,066 1,220
Th 15,736 16,637 16,494 16,104 17,127

3.3. Petrological inferences

Based on the trace element variations, it can be concluded that
the Nemrut stratovolcano and derivative felsic volcanic and
pyroclastic products (e.g., Bitlis ignimbrites) were derived
from an A2-type silicic magma, which occurs in post-collisional
or post-tectonic setting (Eby, 2011). In tectonic discrimination
diagrams, overlapping post-orogenic and within-plate settings
of A2-type Quaternary Nemrut felsic-silicic volcanic and
pyroclastic products are consistent with the magma
emplacement in a post-collisional extensional tectonic
environment in Eastern Anatolia. Although Nemrut volcanic
and pyroclastic products (e.g, Bitlis ignimbrites) show close
affinity to the upper crust (see Figs. 3a-b), their A2-type magma
character also requires the role of mantle-derived basaltic
magma on their genesis (Medlin et al,, 2015). The interaction
of mantle-derived magma with crust can also be inferred from
exposed basaltic magma eruptions of Nemrut caldera (e.g.,
Ozdemir et al,, 2006; Cubukgu et al, 2012). To confirm the
interaction between mantle-derived magma and upper crust in
the genesis of Nemrut volcanic and associated pyroclastic
rocks (e.g., Bitlis ignimbrites), we used the La/Ba versus La/Nb
(Saunders et al, 1992), and Ba/Ta versus La/Ta (Kay and
Copeland, 2006) variation diagrams and shown in Figs. 5a-b. In
these diagrams, there is a close affinity between Bitlis
ignimbrites and Nemrut basalts, and they show a geochemical
tendency between OIB and the upper crust, suggesting an
interaction between them. Based on all these results, we
conclude that Nemrut felsic-silicic volcanic and pyroclastic
rocks derived from partial melting of an upper crustal source
interacting with OIB-like (possibly asthenospheric) mantle-
derived magma. Emplacement of asthenospheric magma in the
shallow upper crustal level along with extensional faults in
post-collisional tectonic setting caused the partial melting and
assimilation of the upper crust. OIB-like basaltic magma
possibly contributed to the silicic A2-type magma batch, and
explosive activity of Nemrut volcano produced felsic-silicic
volcanic and pyroclastic (e.g., Bitlis ignimbrites) products
during the Quaternary period.
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Figure 5. La/Ba vs La/Nb (a) and Ba/Ta vs La/Ta (b) variation
diagrams of Bitlis ignimbrites. For comparison, Nemrut basalts
(Ozdemir et al., 2006) are also plotted. The upper and lower crust are
from Rudnick and Gao (2004). The field intraplate is adapted from Kay
and Copeland (2002). OIB field in ‘a’ is from Saunders et al., (1992).

4., Conclusions

Eruptions of Bitlis trachydacitic ignimbrites, produced by the
Quaternary Nemrut stratovolcano during the pre-caldera stage
in Eastern Anatolia post-collisional setting are younger than
790 ka, and similar to felsic-silicic volcanic rocks of Nemrut
volcano, exhibit the chemical characteristics of A2-type silicic
magmas. Trace element variations also suggest that the magma
producing the Nemrut volcano was originated by partial
melting of upper crustal rocks via emplacement of the mantle-
derived OIB-like magma at the shallow crustal level under
extensional tectonic. OIB-like basaltic magma was also
contributed to the composition of the magma chamber during
its interaction with the upper crust. Trace element variations
and magma style of Nemrut volcanic and pyroclastic (e.g., Bitlis
ignimbrites) rocks confirm the A2-type silicic magma
generation in Eastern Anatolia post-collisional extensional
setting during Quaternary.
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1. Introduction

Large-scale loss of life and property may occur due to the
structural damage after the earthquakes (Harirchian et al,
2020; inel et al, 2008; Tabrizikahou et al, 2021). The
characteristics of the building stock in any region are one of the
important factors that will directly affect the losses that may
occur (Kaplan etal., 2010; Isik, 2016; Bilgin et al,, 2021). In this
context, seismic vulnerability assessment is a major concern,
especially in regions where earthquakes are common
(Harirchian et al,, 2021a; Arslan, 2010; Candela et al., 2021). In
this context, determining the earthquake safety of buildings
before a possible earthquake ensures correct decisions about
the existing building stock (Dogan et al, 2021; Sipos and
Hadzima-Nyarko, 2017; Yakut, 2004; Bilgin and Urugi, 2018).
However, the increase in the existing building stock with
urbanization and increasing population makes it difficult to
determine the earthquake safety of buildings in terms of time,
qualified personnel and economy (Isik ve Tozlu, 2015;
Kapetana and Drsitos, 2007; Ademovig et al., 2020). At this
point, it is not possible to determine the earthquake safety in

* Corresponding author. Tel.: +0 434 222 0030; fax: +0 434 222 9145
E-mail address: eisik@beu.edu.tr

detail for the entire existing building stock (Isik et.,al 2018;
Ozmen and inel, 2017). Thus, buildings with risk priority can
be determined by using faster and more practical evaluation
methods on the building stock (Sucuoglu et al. 2007; Kassem et
al, 2021; Isik et al,, 2020). These methods are generally called
rapid visual screening methods (RVS). By using these methods,
the number of buildings to be subjected to detailed earthquake
safety analysis is greatly reduced (Harirchian and Lahmer,
2019; Bigen et al., 2020; Biiyiiksarag et al.,, 2021; Ayhan et al,,
2021). In order to overcome the destructive effects of
earthquakes on the structural parameters of the building and
human losses, different countries are developing various
approaches and methodologies related to these methods
(Harirchian et al, 2021b). These methods are one of the
important measures to be taken in the pre-disaster structural
sense of modern disaster management (Isik et al, 2020a).
These studies on the building stock before the earthquake are
also important in terms of spatial planning and urban
transformation.

Officially in Turkey, these methods were first put on a legal
basis with the regulation published by the Ministry of

ORCID: 0000-0001-8057-065X (E.1sik), 0000-0001-7499-3891 (A.E. Ulu), 0000-0002-5477-1033 (M.C. Aydin)
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Environment and Urbanization in 2013 titled as “The
Principles of Determining Risky Buildings” (PDRB, 2013). With
this regulation, the evaluation and prioritization of risky
structures are expressed in detail. The application of the first
stage evaluation method for reinforced-concrete and masonry
buildings is detailed under the title of methods that can be used
to determine the regional earthquake risk distribution of
buildings in this regulation. However, due to the significant
changes in Turkey Earthquake Hazard Maps and Turkish
Building Regulations in 2018, the change in the first stage
evaluation method in the regulation has also become
mandatory and it has been updated and started to be used in
2019 (TBEC-2018; PDRB, 2019; https://tdth.afad.gov.tr/,
2020).

Within the scope of this study, information is given about the
changes in the first stage evaluation method, which is included
in both regulations and recommended for reinforced-concrete
structures. In this study, the results obtained for an existing
reinforced-concrete building selected as a sample were also
compared. Considering the geographical location of the
selected building as an example, earthquake parameters were
determined with the help of the updated Turkey Earthquake
Maps Interactive web application. In addition, the necessary
data for this application aid rapid evaluation method were
obtained.

2. First Stage Evaluation (2013)

The parameters considered in this method, which can be used
for existing reinforced concrete buildings with 1-7 floors, are
given below:

e Type of structural system

e Number of storey

e Current status and apparent quality
e Soft storey/weak storey

e Vertical irregularity

e Heavy overhangs

e Irregularity/torsion effect in plan

e Short column effect

e Adjacent/pounding effect

o Hill/slope effect

e Earthquake hazard and local soil class

Two different structural system types are expressed as
reinforced-concrete frame (RCF) and reinforced concrete
frame + shear wall (RCFW). The number of stories on the
foundation is taken into account as the number of storey. In
gradual structures, the part with the highest number of stories
is taken into account. The importance given to the quality of
materials and workmanship and the maintenance of the
building is determined by the current condition and apparent
quality and is classified as good, medium and bad. In addition
to the differences in stiffness and strength between stories, the
variation of stories height within the building is taken into
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account in the soft story/weak story parameter. The parameter
taken into account in order to reflect the effect of the frame and
changing story areas that do not continue vertically is the
vertical irregularity. Differences in storey areas are indicated
as heavy overhangs. Irregularities that will cause torsion in the
zoning plan are taken into account in the plan
irregularity/torsion effect parameter. In this method, the
presence of short columns in the building examined, the fact
that the building was built with a pronounced hill-slope effect,
and the relationship of the building with the neighboring
structures are also taken into account in this method.
Earthquake hazard and class are directly taken from the
Regulation on Buildings to be Constructed in Seismic Zones
(TSDC-2007; PDRB, 2013). The structural system type is
taken into account as a positive basis point. No additional
score is given for buildings with RCF system, but a positive base
score (Op) is given for buildings with other structural system
(RCFW). Structural system and baseline scores are shown in
Table 1.

Table 1. Base and structural system scores

Structural
system score
Total Base score (YSP)
number of Structural
floors system
Danger zone
RCF RCFW
1 11 111 1\%
1and 2 90 120 160 195 0 100
3 80 100 140 170 0 85
4 70 90 130 160 0 75
5 60 80 110 135 0 65
6and 7 50 65 90 110 0 55

While determining the danger zone for the examined building,
the local soil classes and seismic zone recommended in the
previous earthquake code (TSDC-2007) are taken into account,
and the selection is made according to Table 2.

Table 2. Earthquake zones determined according to TSDC-2007
Seismic zone
according to
TSDC-2007

Soil class according
to TSDC-2007

73/74
71/72
73/74
71/72
73/74
71/72
All soil types

Danger zone

I
II

I

1\

BWWNN ==

For all negative parameters, except the apparent quality,
determinations will be made as "yes" or "no". Negative
parameter values (0i) corresponding to these determinations
will be taken as 1 and 0 for "yes" and "no" states, respectively.
If the apparent quality rating is "good", the negativity
parameter value (Oi) will be taken as 0, if it is "moderate” 1, if
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it is "poor", 2 will be taken. The negative coefficients
corresponding to each parameter are shown in Table 3

Table 3. Negative parameter values (0Oi)

.. Case1 Case 2
Negativity
parameter Paramﬁ:‘ter Parameter Paramgter Parameter
detection value detection value
Soft storey None 0 Available 1
Heavy None 0 Available 1
overhangs
Apparent Moderate
quality Good 0 (bad) 1(2)
Short column None 0 Available 1
Hill/slope None 0 Available 1
effect
Irr.egularlty None 0 Available 1
in plan

Table 4: Negativity parameter score (OPi) table

The suggested point values for each parameter are shown in
Table 4, and the selection is made according to the number of
floors.

Negativity Parameter Scores (OP)

Total Storey level/ Building status
numberof  Soft Apparent  Heavy Vertical  Irregularity/torsion  Short Hill/slope
floors storey quality overhangs Same Same Different Different irregularity effect in plan Column  effect
Middle Corner Corner Middle
1,2 -10 -10 -10 0 -10 -5 -15 -5 -5 -5 -3
-20 -10 -20 0 -10 -5 -15 -10 -10 -5 -3
-30 -15 -30 0 -10 -5 -15 -15 -10 -5 -3
-30 -25 -30 0 -10 -5 -15 -15 -10 -5 -3
6,7 -30 -30 -30 0 -10 -5 -15 -15 -10 -5 -3

Building performance score (PP) is calculated according to
Equation 2.1 after the total negativity score is determined by
multiplying the negativity parameter values given in Table 3
with the negativity parameter points given in Table 4.

n
PP=TP+ Y Oj *OP; +YSP  (2.1)
i=1

Here, TP is the base score; YSP indicates the structural system
score.

3. First Stage Evaluation (2019)

Along with the Turkish Building Earthquake Regulation (TBEC-
2018) and the Turkey Earthquake Hazard Map, which were
updated in 2018 and entered into force in 2019, many
parameters in the previous regulation remained the same in
the method specified under the simple methods that can be
used to determine the regional earthquake risk distribution of
buildings. One of the important changes in the current
earthquake code has been the use of site-specific design
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spectra. The values obtained on a regional basis in the previous
regulation have been converted to site-specific with the
current regulation. At the same time, another change occurred
in local soil classes. Local soil classes, which were expressed
with soil group and soil classes in the previous regulation, were
combined and specified as only local soil class. These changes
have also found their way into simplified methods. These
changes have changed the designation of danger zones. The
factors taken into account to determine the danger zone of the
building to be examined according to the current regulation are
shown in Table 5.

In the method, the DD-2 earthquake ground motion level,
which has a 50% probability of exceeding in 50 years, will be
used as the ground motion level, and the short period design
spectral acceleration coefficient (SDS) will be taken from the
current Turkey Earthquake Hazard Map. The earthquake
hazard zone will be determined by using the relationship
between the SDS value and the local soil class.

Negative parameter values are the same as in the previous
regulation and the values given in Table 3 are used. Likewise,
there is no change in the negativity parameter score table, and
the values in Table 4 will be used. The building performance
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score calculation will be made according to Equation 2.1, there
is no change here either.

Table 5. Seismic danger zone (PDRB,2019)

The number of stories is one of the factors affecting the
earthquake behavior of the structures. The number of free
stories (nsk) will be determined by considering Figure 2.

Danger zone Sps Soil class k=5 k=5 k=4 nsk=d nsk=d
5 4 4
I Sps21.00 7C/7D/ZE : ) :
4 4 3 3 3
Sps21.00 ZA/ZB 3 3 ) ) )
II
1.00= Sps=0.75 ZC/ZD/ZE ! 2 ! ! !
1.002 $ps20.75 ZA/ZB k 1 u_] l-].
i 0.752 Sps=0.50 ZC/ZD/ZE Figure 2. Determining the number of stories
0.752 Sps20.50 ZA/ZB The discontinuities in the vertical structural elements
v 0.503 Sps All soil types negatively affect the seismic behavior of the structure and are
taken into account in this method. Some cases of vertical
irregularity are shown in Figure 3.
After the earthquake danger zone is obtained, the

determination of the base score for the building to be examined
is made according to Table 6.

Table 6. Base and structural score table (PDRB, 2019)

Structural system
score (YSP)

Total Base score (TP)
number of Structural system
floors Danger zone
RCF RCFW
I I1 111 v
land2 90 120 160 195 0 100
3 80 100 140 170 0 85
4 70 90 130 160 0 75
5 60 80 110 135 0 65
6and 7 50 65 90 110 0 55

Information is also given about the parameters taken into
account when determining the risk priority of any RC building.
Having RC shear walls in the structural system increases the
earthquake resistance of the building. Therefore, an additional
structural system score is added in RCFWs. The types of
structural system types considered in RC structures are shown
in Figure 1. If the presence of RC shear walls cannot be
determined, it would be appropriate to consider them as RCF.

Structural System Type

RC Frame (RCF)
Figure 1. Structural system types

RC frame with shear walls (RCFW)
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a b c d

Figure 3. Some vertical irregularity, a) Non-continuing column in
vertical, b) column at the console end, c) discontinuity on the shear wall,
d) discontinuity on the shear wall

The difference between the storey area sitting on the ground
and the storey area above the ground will be determined with
overhang parameter. The example for overhang is shown
Figure 4.

Figure 4. Sample for overhangs (available/none/none)

The other parameter is short column and only externally
observed short columns are taken into account in the
evaluation. The sample for short column is shown in Figure 5.

Figure 5. Short column sample



Bitlis Eren University Journal of Science and Technology 11 (2) (2021) 97-103

One of the parameters that negatively affect the earthquake
behaviour is the irregularities in the plan of the building. Some
regular and irregular samples were shown in Figure 6.

NSBVR S

Regular

Regular Trregular Trregular Trregular Trregular

Figure 6. Samples for regular and irregular buildings plan

Another parameter is the state of the building with
neighbouring buildings. This situation is shown in Figure 6.

XTI

Separate Adjacent (Middle)
Figure 7. Samples for adjacent/pounding effect

Adjacent (Corner) Adjacent (Corner)

In cases where there is a pounding effect, attention is paid to
the floor levels in neighbouring buildings. The sample for this
situation is shown in Figure 8.

E—

Same Same (Limit condition) Different

Figure 8. Floor level status in adjacent buildings

4. Determination of Structural System Score for
Example RC Building

The selected sample RC building is evaluated as an existing
structure. Although it does not contain any structural
irregularities, it is assumed that the building has 5 stories and
consists of a RCF. In order to be able to prioritize risk, ten
different provinces located in the same earthquake zone were
taken into account in the previous earthquake zone map.
Within the scope of this study, random geographical locations
from Amasya, Balikesir, Burdur, Bilecik, Aydin, Hakkari, Hatay,
Kastamonu, Kirsehir and Mugla provincial centers were taken
into account. All of these provincial centers are located in the
1st degree earthquake zone in the previous earthquake zone
map. Itis assumed that the RC building, which is considered as
an example, is located in these locations.

In the simplified method in 2013, the local soil class was
accepted as Z3. Since all the provinces subject to the study are
located in the same earthquake zone, the same danger zone
was obtained and this region became the 1. danger zone. Since
the selected RC structure consists of only frames, no structural
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system points are added. Since the structure examined does
not contain any negativity, the total negativity score was taken
as zero. The provincial values of the building performance
scores obtained by using the values prescribed in the previous
regulation are shown in Table 7.

Table 7. Building performance scores for 2013

Structural Buildin
. Danger  Base system Negativity 8
Province Performance
zone score score Score Total Score
(YSP)

Aydin I 60 0 0 60
Hatay I 60 0 0 60
Amasya I 60 0 0 60
Burdur I 60 0 0 60
Balikesir I 60 0 0 60
Mugla I 60 0 0 60
Hakkari I 60 0 0 60
Kastamonu I 60 0 0 60
Bilecik I 60 0 0 60
Kirsehir I 60 0 0 60

In order to use the simplified method proposed for the
determination of regional risk in 2019, design spectral
acceleration coefficients are needed. These values were
obtained by using Turkey Earthquake Hazard Maps Interactive
Web Earthquake Application. ZC was chosen as the local soil
class in order to make comparisons. Since there is no regional
calculation with the new hazard map, spectral acceleration
coefficients were obtained separately for each province. The
peak ground acceleration (PGA) and design spectral
acceleration coefficients obtained for the geographical
locations in the provinces considered in the study, which have
a 10% probability of being exceeded in 50 years (recurrence
period 475 years), are shown in Table 8.

Table 8. Earthquake parameter values for selected locations

Province PGA (g) Sps
Aydin 0.592 1.742
Hatay 0.453 1.289

Amasya 0.447 1.279

Burdur 0.409 1.156

Balikesir 0.372 1.057
Mugla 0.370 1.036

Hakkari 0.319 0.904

Kastamonu 0.289 0.839
Bilecik 0.237 0.718
Kirsehir 0.088 0.261

In order to make comparisons with the previous simplified
method, the same RC building was evaluated as the existing
building. This building has the same structural features and
only the location of the building has changed. As in the previous
regulation, no structural system score has been added since the
selected RC structure consists only of frames (RCF). Since the
structure examined does not contain any negativity, the total
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negativity score was taken as zero. The provincial values of the
building performance scores obtained by using the values
predicted for RC buildings in the simplified method in the
current regulation are shown in Table 9.

Table 9. Building performance scores for 2019

Structural

Province Danger Base system Negativity Pel:;lolllfrj)izgce
zone score score Score Total Score
(YSP)

Aydin 1 60 0 0 60
Hatay 1 60 0 0 60
Amasya 1 60 0 0 60
Burdur 1 60 0 0 60
Balikesir 1 60 0 0 60
Mugla I 60 0 0 60
Hakkari 11 80 0 0 80
Kastamonu 1I 80 0 0 80
Bilecik 11 110 0 0 110
Kirsehir v 135 0 0 135

5. Results and Conclusions

With the increase in population and increasing urbanization
due to this increase, our building stock is increasing day by day.
Whether the increased building stock is built in accordance
with earthquake resistant building design principles and
whether it receives engineering services will directly affect the
losses in a possible earthquake. One of the processes in the pre-
disaster preparation phase of modern disaster management is
to decide whether the earthquake performance of the building
stock in the region to be affected by the earthquake is sufficient.
In the light of this information to be obtained, it is necessary to
determine the buildings with insufficient earthquake
performance and to decide on demolition and reinforcement
when necessary. The large number of building stocks does not
make such detailed structural analyzes possible. These
methods specified simplified methods in order to minimize the
amount of building stock to be examined. For the first time in
Turkey, risk prioritization among buildings was legally stated
under PDRB-2013. Finally, mandatory changes were inevitable
in the proposed simplified methods along with the earthquake
regulation and earthquake hazard maps updated in 2018. This
study examined the differences of the simplified methods in
the last two regulations for reinforced concrete structures.
While examining, ten different provinces located in the same
earthquake zone were selected in the previous earthquake
zone map. The 2013 regulation was based on a methodology
on a regional basis, just like the earthquake zone map and
earthquake regulation used at that time. As the provinces
selected within the scope of this study are located in the same
earthquake zone, the same building performance score was
obtained for all provinces. Therefore, it was not possible to
determine any risk priority among these provinces.

Obtaining site-specific earthquake parameters from a regional
basis is one of the important changes and gains in both
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earthquake hazard maps and seismic design code. The results
obtained in this study are a clear indication of this. The design
spectral acceleration coefficients and peak ground acceleration
values obtained for the provinces with the current map have
been obtained differently for all provinces considered in the
study. However, the same values were used for these provinces
in the previous map and regulation. With the increase of PGA
value, spectral acceleration values also increased. It has been
determined that the risk of structures in accommodation units
where PGA and SDS are large is greater. With the increase in
the Sps value, the building performance score was evaluated as
riskier by taking lower values. The danger zone and building
performance scores obtained for randomly selected
geographical locations in Aydin, Hatay, Amasya, Burdur,
Balikesir and Mugla provinces have the same values as the
previous regulation. However, different earthquake hazard
zone and building performance scores were obtained for
Hakkari, Kastamonu, Bilecik and Kirsehir. While there was only
one danger zone in the previous regulation, four different
danger zones have been obtained in the new regulation. The
lowest risk priority was obtained for the province of Kirsehir,
which has the lowest Sps value. By using other earthquake
parameters obtained with the help of site-specific
methodology in the current regulation, risk priority can be
decided among buildings with the same building performance
score. The current simplified method has been made more
practical than the previous one. The visuals on how to obtain
the negativity parameters used in the method through the
structure prevent users from making incomplete or wrong.
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