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Article History Abstract — Every healthy person is a disabled candidate, which is why disabled people have an important place in
Received:  02.06.2021 our society and worldwide. However, our citizens with disabilities face many problems in society every day. In this

study, some of the problems faced by the disabled and the studies aimed at eliminating these problems were examined
Accepted:  22.09.2021 and compared with the studies in the literature. In the study, a survey of 60 questions was organized to be answered

Published:  15.12.2021 by disabled individuals residing in Canakkale province. The survey, which was answered by 60 disabled individuals,
was analyzed by Statistical Package for the Social Sciences (SPSS) 22.0. 44 (73.3 %) of the employees participating

Research Article in the study are male, 24 (40 %) of them are between 36-45 years. Only 19 (31.7 %) of the participants have received
higher education and higher education. 41 of the participants (68.3%) are working. Only 17 (41.5%) of the working
participants work in the public sector. Of the participants, 23 (38.3%) were physical, 8 (13.4%) were mental, 7
(11.7%) were auditory, 2 (3.3%) had speech disorders, 2 (3.3%) had learning disabilities, 2 of them (3.3%) had visual
impairment and 16 (26.7%) had disability in the other category. The data focused on the safe passage zones for the
disabled, sports field, sports guidance and the insufficiency of the disabled staff in public institutions. The identified
problems can be solved by establishing a unit for the determination, analysis and follow-up of the services to be
provided for disabled individuals within the municipality.

Keywords — Canakkale, disabled, disability employment, disability issues, occupational health and safety

1. Introduction

In our language and in many languages, many terms that mean disability and disability are used. However,
due to the differences in these terms, many uncertainties arise, and disabled people cannot express themselves
fully due to these ambiguities. The definition of World Health Organization (WHO) disability; categorized it
in three groups as "the deficiency or limitation that arises in the development and fulfillment of the body
functions expected from a person or the body functions of a person as a whole" (Chikwanka & Chiluba, 2020).

According to the International Labor Organization (ILO), a person with a disability is defined as an individual
whose hopes of securing safety and finding a suitable job are greatly reduced as a result of physical or mental
impairment (Karabulut, 2017).

According to the Disabled Law No. 5378 (2005); "Individuals who have difficulties in adapting to social life
and meeting their daily needs and who need protection, care, rehabilitation, counseling and support services
as a result of having physical, mental, spiritual, sensory and social abilities at various degrees for any reason,
congenital or subsequently" are defined as disabled (Uzunaslan, 2016).

In Turkey, the concept of "disabled" was used in legal regulations until the end of the 1990s, and in the
following years the word "disabled"”, which is a synonym for the word disabled, has been used. Recently, these
two expressions have lost their usage and the term “disabled” has been used (Sisman, 2012).
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Factors causing disability; Prenatal causes are divided into 3 groups as causes occurring at the time of birth
and postpartum causes. In the Turkey Disability Survey (2002), disability; orthopedic, visual, hearing,
language and speech, mentally handicapped and chronic diseases. In the study of the problems and
expectations of the Disabled conducted by the Turkish Statistical Institute (TURKSTAT) (2010); mental and
emotional disabilities and multiple disabilities are also included in the classification (Uzer, 2019).

While the classifications vary according to the sources, the classification of disability according to the special
education services regulation is shown in Figure 1.

[ Disabled ]

1]

[ 1. Physically Handicapped ] [ 2. Mentally Handicapped ]

Orthopedically Disabled

Blind

Deaf

Language and Speech Impaired

rrrll

Those with Chronic Diseases
\ J

Figure 1. Classification of disability

According to the determination of the WHO, today 600 million people in the world; In other words, 10% of
the world population is struggling to participate in life with their disabilities (Alsancak, Tomruk, Catana,
Tiirkekul, & Dolamag, 2013). Despite living in different conditions, the common problem shared by all of
them is exclusion and discrimination. In general, this problem does not only affect people with disabilities and
their families, but it is also a phenomenon that includes all societies and directly affects the economic and
social development of societies. The disabled person is primarily defined as a person in need of care, in
miserable condition and as an abnormal person, and is kept separate from the rights used by other members of
the society. As a result, the participation of the disabled person in society is prevented and their rights are
restricted. It is extremely important to eliminate the conditions that cause disability, to increase social
awareness, and to provide the necessary opportunities to create a society in which disabled individuals are
fully included in the social, economic and political arena (Alsancak et al., 2013).

Disability is a social phenomenon that has existed from past to present. Today, this phenomenon has become
more important with the developments both in our country and in the world. Many developments such as
state-provided services for persons with disabilities, explaining their rights to persons with disabilities, and
state support for private organizations operating in this field have increased the number of institutions serving
persons with disabilities in various ways (Lindsay, Cagliostro, Albarico, Mortaji, & Karon, 2018). With the
increase in the services provided to disabled individuals, the number of people working with disabled
individuals has also increased. The effectiveness and efficiency of these institutions that serve the disabled
coincides with the state policies, they benefit individuals with disabilities, and increases the number of private
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institutions  operating in this field, so more people with disabilities can be served. However, achieving
efficiency and productivity is only possible with the success and happiness of the employees. Employees can
be successful and happy if they are supported by their institutions, do not cool down for any reason from their
profession and provide satisfaction from their work. However, when the business life is examined, one of the
most important problems encountered is that the employees are not satisfied with their jobs and workplaces.
In such a situation, employees cannot be expected to be successful or performing (Sahan, 2018).

Although Occupational Health and Safety is thought to focus only on occupational accidents, the definition of
safety culture covers the whole life (Dalyan, Canpolat, Dalyan, Oztiirk, & Piskin, 2021a; Dalyan, Ozkaya,
Piskin, & Oztiirk 2021b). Safety culture can be created with OHS training and applied to cover the whole life
(Dalyan & Piskin, 2020). In the literature, there is no study in the literature on occupational health and safety
(OHS) for the disabled in working life in Canakkale. On the other hand, according to the literature review,
there are two studies for the disabled in Canakkale. One of these studies is Kanyilmaz Polat, Bacak & Kiroglu
(2020). It was conducted with 12 visually impaired individuals employed in the public sector of Canakkale. In
the research, data were collected by interview method. It has been reported that while visually impaired
citizens constitute approximately 10% of the population in Turkey, the number of schools for the visually
impaired is very low. In another study conducted by Kanyilmaz Polat (2020), qualitative research was
conducted with 9 disabled employees employed according to the quota system in the example of Canakkale.
Data were collected with a semi-structured interview form. The data obtained from the interviews were
analyzed with the Maxqgda Analytics Pro 2020 program. The data obtained from the interviews were gathered
under the themes of "recruitment process, problems related to the nature of the job, career problems, attitudes
and expectations". The most frequently expressed problems by the participants are working in jobs below their
gualifications, working in vacant jobs that are not suitable for the disabled, and negative employer attitudes.
Disabled employees want their belief that they cannot do anything because they are disabled. It was stated that
the society and employers would be more productive if they were confident. It is one of the common points of
the studies that we searched for answers to similar questions in the same region between the two studies and
our study. There are significant differences in the analysis methods applied in the studies and in terms of the
number of disabled citizens studied.

It has been determined that relatively similar studies have been carried out in different provinces other than
Canakkale province. It was carried out by Ozmen & Cetinkaya (2012) within the scope of Manisa province
with the participation of families of individuals with mental disabilities. 106 disabled families supported the
study with a questionnaire consisting of 28 questions. The data of the study were evaluated with descriptive
statistics and chi-square significance test in SPSS 15.0 for Windows program. In the study; While parameters
such as the age of the mother and father, income level, gender of the child, whether the disability is congenital
or later, the type of disability, when it was noticed are not seen as problems experienced in caring for the
disabled child, the more problematic; It was reported that there was another disabled child in the family, that
the disabled child had additional expenses, and that there were difficulties in the treatment of the disabled. It
is one of the results of the research that although the sensitivity and services for the disabled have increased
recently, the problems experienced by the disabled have not come to an end.

In the case study they conducted in Kastamonu province, Belkayali & Giiloglu (2019) talked about the physical
and social problems faced by the disabled in open spaces and parks. With the questionnaire method, 124
disabled and 382 healthy individuals participated in the study. Survey data were evaluated by multivariate
regression analysis method. As a result of the research, it has been revealed that both disabled and healthy
individuals face similar problems in open areas and parks and are generally not satisfied with businesses. At
the same time, this study revealed that public institutions do not fulfill their duties towards the disabled. While
focusing only on the specific subject in the study narrows the scope, the comparison of the problems
encountered between both disabled and healthy individuals has been one of the issues that add originality to
the study.

In the Alanya region, Hiiseyinli, Go¢men & Nasibov (2017) in their study; The awareness of disabled people
about their rights or services and the extent to which they benefit from these rights and services have been
determined. This research was conducted using a qualitative method and face-to-face interviews were
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conducted with disabled individuals. It was determined that most of the interviewed disabled individuals did
not have information about the rights or services they could benefit from. Although some disabled individuals
are informed about the services offered, they partially benefit from these opportunities for various reasons or
do not want to benefit from the rights or services offered to them. Today, with the changing understanding of
social state and social municipality, the services provided to the disabled in general aim to ensure that the
disabled people enjoy their rights equally like the people who are not disabled and exist in the society. With
this approach, the political structures, cultures, and socio-economic conditions of the countries differ. Studies
in the literature aim to reveal the differences between countries in disability services.

When the situation of the disabled in universities is wanted to be examined, the deficiencies in the literature
stand out. Although it is seen that studies investigating the disability status of students and their effects on the
basis of universities are relatively limited, Ozdelikara & Arslan's study in 2017 to determine the disability
status of the students of Ondokuz Mayis University Faculty of Health Sciences Nursing Department and to
determine the services for the disabled draws attention. 369 students participated in the study with the surveys
method and the data were analyzed using the SPSS 21 package program and the percentage calculation method.
Considering the results of the research, 2.5% of the students are orthopedic, 3.3% are visual, 2.2% are hearing,
1.1% are language and speech, 10.1% are mental/emotional and 2% are It was observed that 0.8 of them had
chronic diseases. It was determined that 60.6% had difficulty in following the lesson, 28.1% felt uncomfortable
in the society and 23.2% felt embarrassed. As a result of these data, it has been reported that there are disabled
students who are not registered in the disabled student center and that physical arrangements should be made
especially for these students.

According to Gokee, Giines & Seyitoglu, (2016), it was seen that the students of Inonii University Faculty of
Medicine tried to determine their behaviors towards disabled individuals by using the survey method. 658
students participated in the research. Survey data were tested using t-Test and One-Way Analysis of Variance
for independent variables. As a result of the research, the positive attitudes of the medical faculty students
towards the disabled individuals attracted attention but it was suggested that the attitude towards the disabled
individuals should be included as a social activity in the curriculum in addition to the educational programs.

In addition to the studies carried out in Turkey, the policies applied for the disabled in other countries were
investigated, and some of the studies mentioned below drew attention. According to Maja, Mann, Sing, Steyn,
& Naidoo (2011) conducted a study investigating employer experiences regarding the employment of people
with disabilities in the manufacturing and financial sector in South Africa. In the research, a questionnaire
consisting of 20 questions, semi-structured interviews and the policies used by businesses when hiring disabled
people were used. As a result of the research, it has been reported that the knowledge and awareness of
employers about the contribution of disabled people to the workforce is not at a sufficient level. He also stated
that people with disabilities do not clearly state their disability due to the concern of not being able to find a
job. In addition to the stated findings, businesses stated that disabled people have more competitive, more
productive and more positive attitudes.

Bungau, Tit, Popa, Sabau, & Cioca (2019) conducted a study on the legislation, practices and public attitude
regarding the employment of disabled people in Romania. It is stated in the novel that with the abolition of the
communist regime, the perspective and attitude towards the disabled changed positively, and it was stated that
the local people were still affected by the communist regime. As a result of the research, it was stated that the
employment and wages of the disabled should be increased, and it was stated that it was necessary to classify
the disabled in order to improve the living conditions of the disabled. For example, there is a big difference
between the needs of a person with a physical disability and the needs of a person with a learning disability.
Attention was also drawn to the importance of solving the accessibility problem of the disabled. It was stated
that the need to adapt transportation vehicles according to the needs of the disabled should be urgently resolved.
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Verulava & Bedianashvili (2021) conducted a study to examine the problems faced by disabled people residing
in the Thilisi state of Georgia in employment. The data collection method in the research was carried out using
in-depth interviews and focused discussions. According to the results of the research, the factors that hinder
the employment of the disabled; Inadequate legislation, low public awareness, discriminatory physical
environment, non-inclusive education system are listed as. He stated that the lack of institutions and
organizations that can act as intermediaries between disabled individuals and employers is an important
shortcoming. It has been recommended that the government encourage employers to employ people with
disabilities.

In the world and in our country, attitudes and behaviors towards the disabled are developing relatively
positively, thanks to both state policies and social media. However, because of the literature studies we have
done, the inadequacy of academic studies for the disabled has led us to work in this field. Within the scope of
this study, the necessary literature was searched and as mentioned above, sample studies on the examination
of the services provided to the disabled were seen. However, literature studies have shown that studies focus
on more specific issues and more comprehensive studies are not available. In this study, we examined the
demographic status of the disabled, whether they work or not, the suitability of their working environment if
they work, the positive/negative situations they encounter in public transportation, their safety in the city they
live in, the training they receive, the social activities in the city, being disabled in the society, the expectations
of the disabled from public institutions from a more general framework.

In this study, a survey method was applied to a total of 60 disabled people, 41 of whom were working and 19
were unemployed in Canakkale. The main problems faced by people with disabilities were analyzed with the
SPSS 22.0 and compared with previous studies in the literature. It is thought that the data obtained from the
study will provide solutions to the problems faced by the disabled in social life in terms of occupational health
and safety.

2. Materials and Methods

2.1. Research Method

In this study, survey questions were prepared by searching the literature about disabled people and taking
expert opinions. The questions in the questionnaire used were prepared by Hacibebekoglu, Oguz Yigitbas,
Hacibebekoglu, Kaynar & Muratdagi (2015)'s survey questions were adapted to our own study. The survey
guestions used in the research are given in Annex-1. This study is a descriptive research study, using survey
and comparative research methods. The study was approved by the Ethics Committee of Canakkale Onsekiz
Mart University Graduate Education Institute with the number E-84026528-050.01.04-2100073618 dated
20/05/2021.

2.2. Data Collection Tools

In this study, a survey form consisting of 2 parts was prepared to evaluate the services provided to persons
with disabilities and to raise awareness. The created survey was carried out by interviewing individuals face
to face. After giving information about the general research and the survey, a survey was applied to the
individuals whose voluntary consent was obtained. The data of the study were collected between 24.05.2021—
31.05.2021. Since the opinions of disabled people are needed, a literature review was carried out and a question
pool was created. Afterwards, the comments of two experts who conducted academic studies on the subject
were received. The final version of the questionnaire was prepared as a result of the controls made by the
researchers. In the first part of the questionnaire, to determine the demographic characteristics of the
participants, there are 7 questions: age, gender, educational status, employment status, characteristics of the
institution, suitable area, and disability status. On the other hand, in the other part of the questionnaire, there
are 60 questions to determine the problems faced by the disabled in social life.
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2.3. Participants

The population of the research consists of disabled individuals residing in Canakkale. The sample of the
study consisted of 60 personnel according to the 95% confidence level (Krejcie & Morgan, 1970). Simple
random sampling method, one of the probability sampling methods, was used in order to have no effect on the
selection of the participants and to make a random selection (Yildiz, 2011). A pilot study was conducted with
7 disabled individuals, and it was seen that there was no need for any change in the survey and the pilot study
data were added to the research. The demographic characteristics of the selected individuals participating in
the study and the data related to the survey are detailed under the heading of findings.

2.4. Data Analysis

In this study, the validity and reliability analysis of the data obtained was made with SPSS 22.0. Cronbach
Alpha reliability coefficient of the survey scale was found to be a reliable value such as o = 0.719. Whether
the survey data showed normal distribution and whether the variances were homogeneously distributed was
checked with the Kolmogorov-Smirnov test. As a result of the applied test, the analyzes in the parametric test
group were used because the data sets showed normal distribution (Eymen, 2007). Independent Sample t Test
and One-Way Analysis of Variance (One Way Anova), which are parametric tests, were applied to compare
whether there were significant differences between the demographic characteristics, which are the dependent
variables, and the means of the survey questions, which are the independent variables. To determine the effect
size of the independent variable on the dependent variable, the eta-squared effect size coefficient was
calculated. Eta-squared effect size; If d <0.2, very small (very little), if 0.2 <d <0.5, small (less), if 0.5 <d <0.8,
medium, if 0.8 <d <1 then large and If 1 <d is interpreted as a very large effect (Kilic, 2014). The demographic
characteristics of the employees participating in the survey and the findings regarding the survey questions
are presented in tables using the frequency (f) and percentage (%) measurements. The obtained findings were
evaluated at 95% confidence interval and 5% significance level (Ozdamar et al., 1999).

3. Results and Discussion

According to Table 1, 16 (26.7%) of the participants were female and 44 (73.3%) of them were male. 1
(1.7%) of the participants was under the age of 18. Of the participants, 14 (23.3%) were between 19-25 years
old, 17 (28.3%) were between 26-35 years old and 24 (40%) were between 36-45 years old. 4 (6.7%) of the
participants were over the age of 45. Of the participants, 23 (38.3%) were primary, 18 (30%) high school, 11
(18.3%) college, 7 (11.7%) degree and 1 (1.7%) postgraduate. Of the participants; 9 (15%) had less than 1
year, 9 (15%) between 1-5 years, 8 (13.3%) between 5-10 years and 15 (15%) had more than 10 years of
professional experience. Of the participants, 17 (28.3%) work in the public sector and 24 (40%) in the private
sector. While of the participants; 25 (41.7%) work in the suitable profession, 16 (26.7%) of them work outside
the field. Of the participants, 19 (31.7%) do not work actively. Of the participants, 23 (38.3%) were physical,
8 (13.4%) were mental, 7 (11.7%) were auditory, 2 (3.3%) had speech disorders, 2 (3.3%) had learning disa-
bilities, 2 (3.3%) had visual impairment and 16 (26.7%) had disability in the other category. The frequencies
and percentages of the demographic characteristics of the individuals participating in the survey are given in
Table 1.
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Table 1
Frequencies and percentages of demographic characteristics
Demaographic features f %
Gender Female 16 26.7
Male 44 73.3
15-18 age range 1 1.7
19-25 age range 14 23.3
Age 26-35 age range 17 28.3
36-45 age range 24 40.0
45 above age 4 6.7
Primary / Secondary School 23 38.3
High school 18 30.0
Education status College 11 18.3
Degree 7 11.7
Postgraduate 1 1.7
Less than 1 year 9 15.0
From 1to 5 years 9 15.0
Professional Experience 5-10 years 8 13.3
Over 10 years 15 25.0
I am not working 19 31.7
Public 17 28.3
Institution of Work Special 24 40.0
| am not working 19 31.7
Yes 25 41.7
Suitable Job for the Field No 16 26.7
| am not working 19 31.7
Physical 23 38.3
Mental 8 13.4
Auditory 7 11.7
Disability situation Speech impairment 2 3.3
Learning difficulties 2 3.3
Defect of vision 2 3.3
Other 16 26.7

The independent t-test results according to the gender variable of the mean of the answers given to the survey
guestions by the disabled individuals participating in the research are given in Table 2.

Table 2
Independent t-Test results according to the gender variable of the mean of the survey
Groups N X Sd t p
Female 16 1.71 15
77 44
Male 44 1.69 15

As seen in Table 2, when the results obtained from the survey were examined in terms of gender, the average
of female were (X = 1.71) and the average of male were (X = 1.69). According to the t test, there is no
statistically significant difference between the test averages of female and male employees (t = .77; p> .05).

The independent t-test results of the gender variable according to all the answers given to the survey questions
by the disabled individuals participating in the research are given in Table 3.
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Table 3

Independent t-Test results of the survey questions according to gender variable

Groups Gender of the par- X ss T p

ticipants

Avre safe structures suitable for ~ Female 16 1.75 A4 2588 011*

you built across the street? Male 44 1.38 49 ' '

Are the physical structures of Female 16 1.68 47

the theatre and cinema suitable 2.477 .016*

for you? Male 44 1.34 47

Internet, telephone, etc. Can Female 16 1.25 44

you get service by accessing 2.108 .010*
p<.05*, p=.05

According to Table 3, "Are safe structures suitable for you built for crossings?" when the expression results
were compared according to the gender variable, a significant difference was observed in favor of female
between the average of female (X = 1.75) and the mean score of male (X = 1.38) (t = 2.588; p <0.05). "Are the
physical structures of the theater and cinema suitable for you?" when the expression results were compared
according to the gender variable, a significant difference was observed in favor of female between the average
of female (X = 1.68) and the mean score of males (X = 1.34) (t = 2.477; p <0.05). "Internet, telephone, etc. to
institutions. Can you get service by accessing with methods? " When the expression results were compared
according to the gender variable, a significant difference was observed in favor of male between the average
of male (X = 1.68) and the mean score of females (X = 1.25) (t = 2.108; p <0.05).

One-Way Variance analysis results of the survey average according to the variables of age, education level,
professional experience, institution, job, and disability status appropriate to the field are given in Table 4.

Table 4
One-Way Variance analysis results of the survey average according to the variables of age, education level,
professional experience, institution, job, and disability status appropriate to the field

Source of Sum of sd Mean of - Meaningful
variance squares squares P difference
Breguwese” 269 6 045 1>2
Disability ?Ni th'?n 2245  05* 4>2
1.056 53 .020 4>3
groups

p<.05* 1. Speech disability, 2. Mental disability, 3. Physical disability, 4. Other disability

According to Table 4, a statistically significant difference was determined between the average of the survey
and the disability status (F = 2.245, p = 0.05). LSD multiple comparison test was conducted to understand
which disability is significant difference. It was observed that the significant difference was between the speech
disorder and the mental disability in favor of the speech disorder, the other disability, and the physical disability
in favor of the other disability, and the other disability and the mental disability in favor of the other disability.
According to the result of calculated effect size Eta-squared (n2 = .20), it was determined that this difference
is highly effective.

One-Way Variance analysis results of the survey questions according to the professional experience variable
are given in Table 5.
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Table 5
One-Way Variance analysis results of the survey questions according to the professional experience
variable

Group N X ss F P g#?g;irg
Less than 1 year 9 111 .33
From 1 to 5 years 9 100 .00 3>1
Are you looking for a job? 5-10 years 8 137 51 3295 .017* 2;21
More than 10 years 15 1.06 .25 3>5
Not working 19 1.00 .00
Less than 1 year 9 155 .52
From 1 to 5 years 9 188 .33
Are you still studying? 5-10 years 8 162 51 3260 .018* f;g
More than 10 years 15 166 .48
Not working 19 126 .45
Less than 1 year 9 111 .33
From 1 to 5 years 9 166 .50 51
\'&Iﬂ_ﬁre asportyou wantto deal 5 4 oy 8 162 51 4874 .002* izi
More than 10 years 15 153 .51
Not working 19 110 .31

p <.05 * less than 1.1 years, 2.1-5 years, 3.5-10 years, 4. more than 10 years, 5. | am not working

According to Table 5, a statistically significant difference was observed between the statement "Are you
looking for a job™" and at least two variables of professional experience (F = 3.295, p <0.05). It was observed
that the significant difference was in favor of 5-10 years and 5-10 years among other groups. According to the
result of calculated effect size Eta-squared (n2 = .19), it was determined that this difference has a very small
effect. A statistically significant difference was observed between the statement "Are you still continuing to
study" and at least two variables of professional experience (F = 3.260, p <0.05). Significant difference was
found between 1-5 years in favor of not working and 1-5 years in favor, and between more than 10 years and
not working for more than 10 years. According to the result of calculated effect size Eta-squared (n2 = .19), it
was determined that this difference has a very small effect. A statistically significant difference was observed
between the statement "Is there a sport you want to deal with?" And at least two variables of professional
experience (F = 4.874, p <0.05). Significant difference was found between 1-5 years to less than 1 year in
favor of 1-5 years, 5-10 years to less than 1 year in favor of 5-10 years, more than 10 to less than 1 year in
favor of more than 10 years. According to the result of the calculated effect size Eta-squared (n2 = .26), it was
determined that this difference has a small effect.

One-Way Variance analysis results of the survey questions according to the institution variable are given in
Table 6.
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Table 6
One-Way Variance analysis results of the survey questions according to the institution variable
< Significant

Group N X SS F P Difference

Can you find Public 17  1.94 24

employment .

opportunities suitable Special 24 154 50 4.932 .011* i:g

for your disability in Not working 19 152 51

the province? ' '
Public 17 1.70 46

Are you still studying ~ Special 24 1.66 48 5.231 .008* ;zg
Notworking 19 126 45
Public 17 147 51

Is there a sport you Special * 1>3

want to deal with? p _ 24 150 51 4.524 015 953
Not working 19 1.10 31

Do you think disabled  Public 17 2.00 61

people's needs canbe  special 24 150 58 3285  045%  1>2

accurately )

determined? Notworking 19 173 65

Are the physical Public 17 164 44

conditions of public Special

institutions suitable P 24 125 A4 3.507 .037* 1>2

fqr persons with Not working 19 147 51

disabilities?

p <.05 * 1. Public, 2. Private, 3. Not working.

According to Table 6, a statistically significant difference was observed between the statement "Do you have
access to employment opportunities suitable for your disability in the province™ and at least two institution
variables (F = 4.932, p <0.05). It was observed that the significant difference was in favor of the public between
the public and private sectors, and the public in favor of the public and not working. According to the result of
calculated effect size Eta-squared (n2 = .14), it was determined that this difference has a very small effect. A
statistically significant difference was observed between the statement “Are you still continuing to receive
education” and at least two variables of the institution (F =5.231, p <0.05). It was observed that the significant
difference was between the public and the non-working in favor of the public, and between the private and not
working in the private sector. According to the result of the calculated effect size Eta-squared (n2 = .15), it
was determined that this difference has a very small effect. A statistically significant difference was observed
between the statement "Is there any sport you want to deal with?" And at least two variables of the institution
(F = 4524, p <0.05). It was observed that the significant difference was between the public and the
non-working in favor of the public, and between the private and not working in the private sector. According
to the result of the calculated effect size Eta-squared (n2 = .13), it was determined that this difference has a
very small effect. A statistically significant difference was observed between the statement "Do you think the
needs of the disabled can be determined correctly” and at least two variables of the institution (F = 3.285,
p <0.05). It was observed that the significant difference was in favor of the public between the public and
private sectors. According to the result of the calculated effect size Eta-squared (n2 = .10), it was determined
that this difference has a very small effect. A statistically significant difference was observed between the
statement "Are the physical conditions of public institutions suitable for the disabled" and at least two variables
of the institution (F = 3.507, p <0.05). It was observed that the significant difference was in favor of the public
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between the public and private sectors. According to the result of the calculated effect size Eta-squared
(n2 = .10), it was determined that this difference has a very small effect.

One-Way Variance analysis results of the survey questions according to the field appropriate business variable
are given in Table 7.

Table 7
One-Way Variance analysis results of the survey guestions according to the field-appropriate business
variable

< Significant
Group N X ss F P Difference
Yes 25 1.64 .48
. . NO * 1>3
Are you still studying? 16 175 .44 5510 .006 >3
Not working 19 126 .45
Yes
Was the vocational training 25 12040
received useful and sufficient for NO 16 162 .50 4.147 .021* 2>1
you? Not working 19 142 50
Yes 25 156 .50
Is there a sport you want to deal g 16 137 50 5442 007* 1>3

with? )
Not working 19 110 .31

p <.05* 1. Yes, 2. No, 3. Not working.

According to Table 7, a statistically significant difference was observed between the statement "Are you still
continuing to receive education" and at least two field-appropriate job variables (F = 5.510, p <0.05). It has
been observed that the significant difference is in favor of those who work in a job suitable for the field and |
do not work, in favor of those who do not work in a suitable job for the field, and those who do not work, in
favor of those who do not work in the field. According to the result of the calculated effect size Eta-squared
(n2 = .16), it was determined that this difference has a very small effect. A statistically significant difference
was observed between the statement "Is the vocational education received useful and sufficient for you" and
at least two field-appropriate job variables (F = 4.147, p <0.05). It has been observed that the significant
difference is in favor of those who do not work in a suitable job for the field and those who do not work in the
field suitable for the field. According to the result of calculated effect size Eta-squared (n2 = .12), it was
determined that this difference has a very small effect. A statistically significant difference was observed
between the statement "Is there a sport you want to deal with" and at least two appropriate job variables
(F =5.442, p <0.05). It has been observed that there is a significant difference between those who work in a
job suitable for the field and I do not work in favor of those who work in a suitable job for the field. According
to the result of the calculated effect size Eta-squared (n2 = .16), it was determined that this difference has a
very small effect.

In a study conducted with 12 visually impaired individuals employed in the public sector in Canakkale
province, 58.3% (7) of the participants were reported to have graduated from college or higher (Kanyilmaz
Polat et al, 2020). Again, in a study conducted with 9 disabled individuals working in the private sector in
Canakkale province, 22.2% (2) of the participants were reported to have graduated from college or higher
(Kanyilmaz Polat, 2020). In a study conducted with 274 visually impaired individuals working in the public
and private sectors in Ankara, it was reported that 46.3% (127) of the participants graduated from college or
higher (Yildiz & Giirler, 2018). In a study conducted in the Canadian provinces of Ontario and British
Columbia, it was reported that 87% (1729) of the participants (with and without disabilities) graduated from
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college or higher (Curtis Breslin, Morgan Lay, Jetha & Smith, 2018). In this study, it was determined that
31.7% (19) of 60 disabled individuals working in the public and private sectors were graduates of higher
education.

In a study conducted with 12 visually impaired individuals employed in the public sector in Canakkale
province, it was reported that 69.2% of the participants were affected by unsuitable environmental conditions
that could cause crashes, falls and injuries, and 23.1% of the participants had difficulty in accessing the
workplace (Kanyilmaz Polat et al., 2020). In another study conducted with 274 visually impaired individuals
in Ankara in our country, it was reported that 56.6% of the participants always faced with obstacles in
transportation (Yildiz & Giirler, 2018). In this study, half of the participants stated that disabled people are not
given priority in traffic. 48.3% (29) of the participants stated that there are no suitable crossings for the disabled
in crossings. In addition, it has been determined that women experience more problems than men in traffic and
in unfavorable environmental conditions.

In a study conducted with visually impaired individuals in Canakkale province in our country, 15.4% of the
participants think that the disabled staff in public institutions are insufficient (Kanyilmaz Polat et al., 2020). In
a study conducted in Thilisi, Georgia, 80% of the participants suggest that the employment of disabled
personnel is insufficient and that employers should be informed about the abilities of the disabled (Verulava
& Bedianashvili, 2021). In this study, it was determined that 65% (39) of the participants think that the
employment of disabled people is not enough in Canakkale province, 61.6% (37) of them think that there is
not enough work done on employment. In addition, it has been determined that disabled individuals working
in public institutions are more pessimistic about the adequacy of employment opportunities compared to
individuals working in the private sector.

4. Conclusion

To examine and overcome the problems faced by the disabled in social life, the data obtained as a result of
the questionnaire applied to 60 disabled people residing in Canakkale province were analyzed with SPSS 22.0.
The reliability analysis of the survey scale was found as a=0.719. The results obtained in this study were
compared with the results of previous studies in the literature and suggestions were presented to help disabled
people overcome the problems they encounter in social life.

The data obtained focused on the safe transition zones for the disabled in the province and the inadequacy of
the disabled staff in public institutions. The problem of inadequacy of safe passage areas for the disabled may
arise from the lack of adequate safe passages for the disabled, especially in traffic. Municipal services continue
to work for the disabled throughout the province, but the data obtained show that the studies are not sufficient.
The aforementioned problem can be solved by establishing a unit for the determination, analysis and
follow-up of the services to be provided for disabled individuals within the municipality. By encouraging the
employment of disabled people in the unit to be established, the disabled staff in public institutions can be
increased and it can contribute to the design of safe transition zones for the disabled.

Another result of the analysis data is that although most of the disabled individuals want to participate in sports
activities, they cannot fulfill their wishes. This may be due to the limited availability of sports fields for the
disabled and sports guidance for the disabled throughout the province. Municipal services can solve the
mentioned problem by increasing the number and quality of sports fields for the disabled. In addition, the
access of sports guidance services to disabled individuals according to their disability may solve the problem.
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Yedi Akdeniz Lamiaceae Tiiriiniin Duman ve Duman Kokenli Bilesiklere
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Makale Tarihgesi Oz - Bitki kokenli dumanin, Akdeniz tipi ekosistemlerde yetisen birgok Lamiaceae tiiriiniin ¢imlenmesini tetikledigi
Génderim-  11.05.2021 gosterilmistir. Bununla birlikte, Lamiaceae tiirlerinin karrikinolid (KAR;) ve siyanohidrin gibi duman kdokenli bile-

siklere olan ¢imlenme tepkileri hakkinda ¢ok az sey bilinmektedir. Bu nedenle, bu ¢alismada, duman bilesiklerin yedi
Kabul: 16.08.2021 Akdeniz Lamiaceae tiiriinde (Ballota acetabulosa, Lavandula stoechas subsp. stoechas, Origanum onites, Phlomis
Yayim: 15.12.2021 bourgaei, P. lycia, Stachys cretica subsp. smyrnaea ve Teucrium chamaedrys) tohum ¢imlenmesi tizerindeki etkilerini
belirlemeyi amagladik. Bu hedefe ulasmak igin galisma tiirlerinin tohumlar farkli konsantrasyonlarda duman-suyu,
KAR;, mandelonitril (MAN) ve KAR; + MAN’a maruz birakilmistir. Uygulama gruplarima ait tohumlar daha sonra
karanlik kosullarda 20 °C'de inkiibe edilmis ve 35 giin boyunca haftada iki kez ¢imlenme sayimlar1 yapilmistir. So-
nuglarimiz, dumanin kontrol kosullarma gore B. acetabulosa, P. lycia ve S. cretica'nin ¢imlenme yiizdelerinde 6nemli
bir artisa yol agtigin1 gostermektedir. KAR;, B. acetabulosa ve S. cretica'nin ¢imlenmesini uyarirken, MAN uygula-
malar Lamiaceae tiirlerinin ¢imlenmesini tesvik etmemistir. KAR; ve MAN kombinasyonu dumana duyarl iig tiiriin
¢imlenmesini tetiklemekle kalmamug, ayn1 zamanda T. chamaedrys'in ¢imlenme yiizdesini de 6nemli 6l¢iide arttirmis-
tir. Sonug olarak, ¢aligmamiz, dumanin Lamiaceae tiirlerinin ¢imlenmesi tizerinde olumlu bir etkiye sahip oldugu
fikrini desteklemekte ve KAR; ve siyanohidrinin birlikte uygulanmasinin, tohum ¢imlenmesinin uyarilmasinda, bu iki
bilesigin ayr1 ayr uygulanmasina gore daha etkili olduguna dair kanitlar saglamaktadir.
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Article History Abstract — Plant-derived smoke has been shown to trigger germination of many Lamiaceae species growing in Med-
Received: 11.05.2021 iterranean-type ecosystems. However, very little is known about the germination response of Lamiaceae species to

smoke-derived compounds, such as karrikinolide (KAR;) and cyanohydrin. In this work, therefore, we aimed to as-
Accepted:  16.08.2021 certain the effects of smoke-derived compounds on seed germination in seven Mediterranean Lamiaceae species (Bal-
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subsp. smyrnaea, and Teucrium chamaedrys). To achieve this goal, seeds of study species were exposed to different
Research Article concentrations of smoke-water, KAR;, mandelonitrile (MAN), and KAR; + MAN. Seeds from treatment groups were

then incubated at 20 °C in dark conditions, and germination counts were made twice weekly for 35 days. Our results
show that smoke leads to a significant increase in germination percentage of B. acetabulosa, P. lycia, and S. cretica
as compared to control conditions. KAR; stimulated the germination of B. acetabulosa and S. cretica while MAN
treatments did not promote the germination of Lamiaceae species. The combination of KAR; and MAN not only
induced the germination of three smoke-sensitive species but also notably increased the germination percentage of T.
chamaedrys. In conclusion, our study supports the idea that smoke has a positive impact on the germination of Lami-
aceae species and provides evidence that combined application of KAR; and cyanohydrin is more effective in the
stimulation of seed germination than the separate application of these two compounds.
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1. Giris

Diinyadaki karasal alanlarin %30'dan fazlasi siklikla yanginlara maruz kalmaktadir (Chuvieco, Giglio, ve
Justice, 2008). Dogal yangin rejimleri, bu bolgelerdeki biyolojik ¢esitliligin ve ekolojik siireglerin korunma-
sina katki saglamaktadir (He, Lamont, ve Puasas, 2019). Birgok bitki tiirii, yangin sonrasindaki mevcudiyetle-
rini devam ettirebilmek icin ¢esitli uyumsal 6zellikler gelistirmistir. Siirgiin verme, yanginla indiiklenen tohum
¢imlenmesi, farkl yanicilik stratejileri, serotinlik (tohum bekletme), kalin kabuk gelisimi ve yanginla uyarilan
ciceklenme bu uyumsal 6zelliklerin basta gelen 6rnekleridir (Keeley, Pausas, Rundel, Bond, ve Bradstock,
2011).

Yangin ile indiiklenen tohum ¢imlenmesi, sicaklik ve/veya yanma ile iligkili tiriinlerin (duman, karrikinler,
azotlu bilesikler vb.) dormansi kiric1 etkilerinden kaynaklanmaktadir (Catav, Kiigiikakyiiz, Tavsanoglu, ve
Pausas, 2018). Bir orman yangini sirasinda toprak yiizey sicakligi 800 °C'ye kadar ulasabilirken, toprak tohum
bankasi (toprak yiizeyinin 3-5 cm alt1) 80 ila 150 °C'lik bir sicakliga maruz kalmaktadir (Newton, Bond, ve
Farrant, 2006). Toprak tohum bankasina yanstyan bu sicakliklar, cogunlukla fiziksel dormansiye sahip Cista-
ceae, Fabaceae ve Malvaceae tiirlerinde tohum ¢imlenmesini uyarmaktadir (Kazanci ve Tavsanoglu, 2019).
Duman ve nitratin tohum ¢imlenmesi tizerindeki pozitif etkileri de, farkli ekolojik ve filogenetik kdkenlere ait
birgok bitki tiirinde gosterilmistir (Arcamone ve Jaureguiberry, 2018; Catav, Kiigiikakyliz, Tavsanoglu, ve
Akbag, 2015; Flematti vd., 2011).

Dumanin ¢imlenme iizerindeki etki mekanizmasini belirlemeye yonelik calismalar, bir¢ok duman kdkenli bi-
lesigin izole edilmesine neden olmustur. Bitki kékenli dumandan izole edilen ilk aktif bilesik (3-metil-2H-
furo[2,3-c]piran-2-on), dumana duyarli 16 tiiriin tamaminda ¢imlenmeyi uyarmistir (Flematti, Ghisalberti,
Dixon, ve Trengove, 2004). Bu bilesik daha sonra karrikinolid (KAR3) olarak adlandirilmig ve etkinligi du-
mana yanit veren bircok bitki tiirii iizerinde incelenmistir. Ilerleyen yillarda 5 KAR; (KAR,—KARs) analogu
daha tespit edilmis ve bu bilesikler topluca karrikinler adiyla anilmaya baglanmistir (Nelson, Flematti, Ghisal-
berti, Dixon, ve Smith, 2012). Anigozanthos manglesii ve Rhodocoma arida gibi dumana duyarli olan bazi
tiirlerin KAR1'e yanit vermemeleri, gliseronitril (2,3-hidroksipropannitril) olarak da bilinen bir siyanohidrinin
tanimlanmasina yol agmistir. Dumandan izole edilen bu yeni bilesigin, su varliginda hidrolize oldugu ve aciga
¢ikan serbest siyaniiriin de tohum ¢imlenmesini tesvik ettigi belirlenmistir (Flematti vd., 2011). Ote yandan,
dumanda bulunan bazi bilesiklerin ¢imlenmeyi inhibe edebilecekleri de bilinmektedir (Kiiclikakyiiz ve Catav,
2021). Ornegin, 3,4,5-trimetilfuran-2(5H)-on (TMB) ve 5,5-dimetilfuran-2(5H)-on’un 10 uM ve iizeri kon-
santrasyonlarda KAR; kars1 antagonistik bir etki gosterdikleri saptanmustir (Burger vd., 2018).

Lamiaceae (Ballibabagiller) familyas: diinya genelinde yaklasik olarak 230 cins ve 7000 tiir ile temsil edil-
mektedir. Familya kozmopolit bir dagilim gostermekle birlikte, 6zellikle Akdeniz, iran-Turan ve Dogu Asya
bolgelerinde biiyiik bir ¢esitlilik sergilemektedir (Catav, Kiiclikakyiiz, Akbas, ve Tavsanoglu, 2014). Tirkiye
florasinda 256 tanesi endemik olmak iizere toplam 574 Lamiaceae tiirii bulunmaktadir (Erik ve Tarikahya,
2004). Familyanin birgok tiyesi tibbi ve ekonomik 6neme sahip olup, biberiye (Rosmarinus officinalis L.),
feslegen (Ocimum basilicum L.), kekik (Thymus vulgaris L.) ve nane (Mentha x piperita L.) gibi tiirler baharat
olarak kullanilmaktadir (Simpson, 2010; Quilez, Ferreres, Lopez-Miranda, Salazar, ve Jordan, 2020).

Bitki kokenli dumanin Akdeniz tipi ekosistemlerde yetisen bircok Lamiaceae tiiriinde ¢imlenmeyi uyardig
gosterilmigtir (Catav vd., 2014; Moreira, Tormo, Estrelles, ve Pausas, 2010). Bununla birlikte, Lamiaceae tiir-
lerinin duman kokenli bilesiklere verdikleri ¢imlenme yaniti1 hakkinda oldukga az bilgi bulunmaktadir (Catav
vd., 2018). Bu eksikligi gidermek i¢in mevcut ¢aligmada duman suyu, mandelonitril (bir siyanohidrin analogu)
ve KAR;’in 7 Lamiaceae tiiriiniin ¢imlenmeleri lizerindeki etkileri incelenmistir. Bu arastirma kapsaminda, (1)
dumana cevap veren tiirlerin KAR; ve siyanohidrin bilesiklerinden birine daha duyarli olacag: ve (2) bu iki
bilesigin kombine uygulamasinin ¢cimlenme tizerinde sinerjistik bir etki yaratabilecegi hipotez edilmistir.
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2. Materyal ve Yontem

2.1. Cahsma Bolgesi ve Tohumlarin Toplanmasi

Bu ¢alismada, kizilgam ormani agikliklarinda ve makilik alanlarda dogal olarak yetisen 7 Lamiaceae tiiriine
ait meyveler toplanmustir. Secilen tiirlerin taksonomik ve ekolojik 6zellikleri Tablo 1'de belirtilmistir. Calisma
bolgesi (Mugla - Marmaris), yillik 1208,3 mm yagis ve 15,1 °C ortalama sicaklik ile tipik bir Akdeniz iklimine
sahiptir (Meteoroloji Genel Miidiirliigii verileri). Arazi ¢alismalari, incelenen tiirlerin tohum dispersal periyod-
larina denk gelecek sekilde, Temmuz ve Agustos 2016 tarihleri arasinda gergeklestirilmistir. Tohumlar ayik-
landiktan sonra, deney baslangicina kadar (Aralik 2016) oda kosullarinda muhafaza edilmistir. Her bir tiire ait
ortalama tohum agirlig1 (mg), 100 tohumun 4 farkli 6rneginin tartilmasi ile hesaplanmugtir.

Tablo 1
Caligma tiirlerinin listesi. BF: Biiylime formu (CO: ¢ok yillik ot, C: ¢ali ve YC: yari ¢al1), SY: Siirgiin verme

yetenegi (“+” = evet, “-” = hayir) ve TA: ortalama tohum agirlig1 (mg).

Tiirler Kod BF SY TA

Ballota acetabulosa (L.) Benth. (Hos nemnem) BAC CO + 1.81+0.09
Lavandula stoechas L. subsp. stoechas L. (Karabas otu) LST C - 0.60 +0.02
Origanum onites L. (Bilyal kekik - izmir kekigi) OON YC + 0.06 = 0.00
Phlomis bourgaei Boiss. (Coban ¢irasi) PBO C + 549 +0.25
Phlomis lycia D. Don (Tiiylii ¢alba) PLY C + 5.57+0.10
Stachys cretica L. subsp. smyrnaea Rech. Fil. (izmir deligay1) SCR co - 2.83 £0.04
Teucrium chamaedrys L. subsp. chamaedrys L. (Kisamahmut) TCH cO + 0.89 +0.03

2.2. Duman Suyu ve Kimyasal Cozeltilerin Hazirlanmasi

Duman suyunu hazirlamak i¢in 80 gram bugday samani bir ar1 koriigiinde yakilmig ve olusan duman 12
dakika boyunca 500 mL distile suya gonderilmistir (Catav vd., 2018). Elde edilen ¢ozelti (100% konsantras-
yon), bir Whatman filtre kagidi (no. 42) kullanilarak stizilmiis ve deney baslangicina kadar 4 °C'de saklan-
mustir. KAR; (Carbosynth, CAS numarasi: 857054-02-5) ve mandelonitril (Sigma, CAS numarasi: 532-28-5)
stok ¢ozeltileri ise ilgili bilesiklerin sirasiyla etanol ve distile su i¢inde ¢oziilmeleriyle hazirlanmistir (Kiigii-
kakyiiz ve Catav, 2021).

2.3. Cimlenme Deneyi

Duman ve duman kdkenli bilesiklerin Lamiaceae tiirlerinin ¢gimlenmeleri lizerindeki etkilerini degerlendir-
mek icin 8 uygulama gergeklestirilmistir (Tablo 2). Ayrica her bir tiir i¢in deneye bir kontrol grubu da dahil
edilmigtir. Uygulamalar i¢in secilen nihai konsantrasyonlar daha 6nceki arastirmalara gore belirlenmistir (Fle-
matti vd., 2011; Downes, Light, Posta, Kohout, ve van Staden, 2013; Tavsanoglu vd., 2017).

Deney kapsaminda, Lamiaceae tiirlerinin tohumlari, 10 mL distile su (kontrol) veya uygulama soliisyonlari ile
nemlendirilmis iki adet Whatman filtre kagidi (no. 1) igeren Petri kaplarina yerlestirilmistir. Petri kaplar1 daha
sonra 20.0 £+ 0.5 °C'ye ayarlanmuis bir inkiibatore aktarilarak, 5 hafta boyunca karanlik kosullarda bekletilmistir
(Catav vd., 2014). Cimlenme kontrolleri, haftada iki kez los 151k altinda yapilmis ve goriiniir radikula (k6kgiik)
¢ikis1 ¢gimlenme kriteri olarak kabul edilmistir. Cimlenmeyen tohumlarin canliliklar1 kesme testi ile incelenmis
ve embriyosu olmayan tohumlar veri setinden ¢ikarilmistir.
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Tablo 2
Calismada gerceklestirilen uygulamalar
Uygulama Final konsantrasyonu
No Kod Duman suyu (%) Karrikinolid (uM)  Mandelonitril (uM)
1 DS 25 - -
2 DS 5 - -
3 KAR: - 0.01 -
4 KAR: - 0.1 -
5 MAN - - 5
6 MAN - - 50
7 K-1 - 0.01 5
8 K-2 - 0.1 50
2.4. Veri Analizi

Bu deneyde, her bir uygulama i¢in 25 tohumun 3 tekrar1 kullanilmigtir. Uygulamalar tarafindan ¢imlenme-
nin uyarilma olasiligi, binom dagilimi baz alan genellestirilmis bir dogrusal model (GLM) ile test edilmistir
(Catav vd., 2015). Cok sayida ikili karsilastirma bulunmasi nedeniyle, istatistiksel anlamlilik diizeyi p < 0.01
olarak secilmistir. Veri analizi igin R (siirlim 3.4.3) ve Statistica (stirlim 10) yazilimlar1 kullanilmstir.

3. Bulgular ve Tartisma

Bu caligsma kapsaminda, duman, KAR; ve MAN'n 7 Lamiaceae tiiriiniin ¢imlenmeleri iizerindeki etkileri
test edilmistir. Kontrol kosullarinda, 4 tiirde (Phlomis bourgaei, P. lycia, Stachys cretica ve Teucrium cha-
maedrys) tohumlarin %2 ila %25'i ¢imlenirken, 3 tiirde (Ballota acetabulosa, Lavandula stoechas ve Origa-
num onites) tohumlarin %60 ila %83'i ¢imlenmistir. Bu da, ¢alisma tiirlerinde dormansi seviyesi agisindan
onemli bir degiskenligin oldugunu gostermektedir (varyasyon katsayist = 0.809). Duman suyu uygulamalari,
kontrol gruplarina gore B. acetabulosa, P. lycia ve S. cretica tiirlerinde ¢imlenme yiizdesini anlamli olarak (p
<0.01) arttirmustir (Tablo 3). Elde edilen bu sonuglar, Moreira vd. (2010) ve Catav vd. (2014)’iin bulgulari ile
uyumlu olup, dumanin Akdeniz Lamiaceae tiirlerinin ¢imlenmeleri {izerindeki pozitif etkisini dogrulamakta-
dir.

Tablo 3

Duman ve duman kokenli bilesiklerin Lamiaceae tiirlerinin ¢imlenmeleri (%) iizerine etkileri
Tiirler Kontrol DS (%) KAR: (uM) MAN (uM) KAR:+ MAN

2.5 5 0.01 0.1 5 50 K-1 K-2

BAC 60 = 10° 89 + 6° 91 £22 75 £ 7% 88 + 62 75£63 80 £4® 94 £ 02 84 + 8
LST 82+ (7 96 + 28 96 + 32 95 + 3¢ 96 + 32 97+ 32 98 + 22 97 + 22 98 + 28
OON 83 + 62 91 +£28 90 + 32 92 £ 28 92 £ 28 97 £ 22 89 £32 95+ 02 89 + 32
PBO 17 +92 14+102 11+£5° 19 £52 18+ 10?2 15+32 1172 2711 24+2°
PLY 25+£2P 47 £52 45+£3% 3470 45+4%® 28+4% 36+ 10% 46+2% 50 + 92
SCR 2+2b 41 +£92 54+8 46+117 65%7° 3£20 10£3°  62+10° 64+2°

TCH 19+6° 34+£9 2242 294 3]+3d 2841 21 +£3® 41+8 40+ 7P
Sonuglar, ortalama + standart hata seklinde sunulmustur. Tiir ve uygulama kodlari igin sirastyla Tablo 1 ve Tablo 2'ye bakiniz. Ayni
satirda farkls ist simge harfleri olan degerler birbirinden 6nemli 6l¢iide farklidir (p < 0.01). Kontrolden anlaml olarak farkli olan
degerler ayrica koyu renk ile gdsterilmistir.

Su ana kadar, bu ¢aligmanin da dahil oldugu 9 arastirmada, duman, KAR ve siyanohidrin tiirevlerinin tohum
¢imlenmesi tizerindeki etkileri karsilastirmali olarak incelenmistir (Tablo 4). Bu arastirmalarda 17 bitki famil-
yasina ait 40 tiiriin tohumlar1 kullanilmistir. Elde edilen sonuglar, dumanla uyarilan ¢imlenmenin oldukca
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kompleks bir siireg oldugunu diisiindiirmektedir. Ornegin, Haemodoraceae familyasinda yer alan Anigozant-
hos tiirlerinin siyanohidrine cevap verirken, KAR1’e cevap vermedikleri belirlenmistir (Flematti vd., 2011;
Downes, Light, Posta, Kohout, ve van Staden, 2014; Ma, Erickson, Walck, ve Merritt, 2020). Ote yandan, ayn
familyada yer alan ¢ogu Conostylis tiiriiniin her iki bilesige de duyarli olduklar1 tespit edilmistir (Downes,
Light, Posta, ve van Staden, 2015). Mevcut ¢alismanin bulgulari, MAN uygulamalarinin Lamiaceae tiirlerinde
¢imlenmeyi dogrudan uyarmadigin1 gostermektedir (Tablo 3). KAR: uygulamalari ise dumana duyarl tiirlerin
ikisinde (B. acetabulosa ve S. cretica) ¢imlenmeyi tetiklemistir.

Catav vd. (2018) tarafindan gergeklestirilen bir ¢alismada, dumana pozitif ¢cimlenme yaniti veren Alyssum
fulvescens’in KAR: ve MAN’a kars1 duyarli olmadig1 saptanmistir. Bununla birlikte, MAN ve KAR;’in kom-
bine uygulamasi, ayni tiirde ¢imlenmeyi kontrol kosullarina gére 6nemli 6l¢iide arttirmistir. Dahasi, bu iki
bilesigin birlikte uygulanmasinin Capsella bursa-pastoris, Chaenorhinum rubrifolium ve Silene behen gibi
tiirlerin ¢imlenmeleri {izerinde sinerjistik veya aditif (katma) etkiler yaratabilecegi de gosterilmistir (Tavsa-
noglu vd., 2017; Catav vd., 2018). Sonuglarimiz, P. lycia tiirtiniin duman ve K-2 (0.1 uM KAR; + 50 uM
MAN) uygulamalarina yanit verirken, KAR; ve MAN uygulamalarina yanit vermedigini ortaya koymustur
(Tablo 3). Buna ek olarak, K-1 (0.01 uM KAR: + 5 uM MAN) uygulamasinin S. cretica’nin ¢gimlenmesi
iizerinde sinerjistik bir etkiye sahip oldugu tespit edilmistir. Son olarak, ¢caligma tiirlerinde kontrol gruplarina
gore ¢gimlenme yiizdesini en ¢ok arttiran uygulama K-1 olarak bulunmustur (Sekil 1).

70+
60
50+
40-

304

20+

Kontrole gore
gimlenmedeki degisim (%)

275 5 0.;)1 OT‘I 5 50 K:1 KI-2
DS (%) KAR, (uM)  MAN (uM) KAR;+MAN

Sekil 1. Duman ve duman kokenli bilesiklerin ¢aligma tiirlerinin ¢cimlenmeleri {izerindeki genel etkileri. Kutu
grafikleri, ilgili uygulama sonrasinda kontrol gruplarina gére ¢imlenme yiizdesinde meydana gelen farklarin
kullanilmasi ile olusturulmustur. Kutulardaki ¢izgi ve art1 isareti sirasiyla medyan ve ortalamayi temsil
etmektedir.

Tablo 4’deki veriler g6z 6niine alindiginda, dumana cevap vermeyen bazi tiirlerin (Anigozanthos rufus, Em-
menanthe penduliflora ve Sanguisorba minor) duman kokenli bilesiklere kars1 duyarl olabildikleri goriilmek-
tedir (Flematti vd., 2011; Downes vd., 2014; Catav vd., 2018). Mevcut ¢aligmada, Teucrium chamaedrys tiirii
icin de benzer bir bulgu elde edilmistir (Tablo 3). T. chamaedrys’de tohum ¢imlenmesi KAR; ve MAN kom-
bine uygulamasi tarafindan uyarilirken, duman uygulamasi tarafindan uyarilmamistir. Bu tutarsizliga, yontem-
sel farkliliklar ve uygulanan duman suyu konsantrasyonu neden olabilir. Ornegin, Gupta vd. (2020), farkl
yillarda ve farkli yontemler ile hazirlanan duman sularindaki KAR1, KAR; ve TMB i¢eriklerinin oldukga farkli
olabilecegini gostermistir. Ayrica, TMB’nin de dahil oldugu bir grup duman koékenli bilesigin yiiksek seviye-
lerde tohum ¢imlenmesini inhibe edebildikleri de bilinmektedir (Burger vd., 2018). Bu kapsamda, bir bitkinin
tohumlar1 ayn1 konsantrasyondaki iki farkli duman suyuna benzer bir tepki vermeyebilir (Catav vd., 2018).
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Bunlara ek olarak, bir tiiriin dumana olan duyarliliginda popiilasyonlar arasi varyasyonun olabilecegi de rapor
edilmigtir (Ma vd., 2020).

Tablo 4

Duman, KAR;: ve siyanohidrin tiirevlerinin tohum ¢imlenmesi iizerindeki etkilerinin karsilastirmali olarak
incelendigi bitki tiirleri. D: Duman suyu, K: KAR; ve S: Siyanohidrin. “+”: ilgili uygulama ¢imlenmeyi
uyarmustir. “-”: Tlgili uygulama ¢imlenmeyi uyarmamustir. T.E: Uygulama test edilmemistir.

Familya Tiir D K S K+S Referans
Asteraceae Onopordum caricum + + - + Catav vd. (2018)
Boraginaceae Emmenanthe penduliflora - + + T.E  Flematti vd. (2011)
Alyssum fulvescens + - - + Catav vd. (2018)
Brassicaceae Capsella bursa-pastoris - - - + Catav vd. (2018)
Isatis tinctoria + - - - Catav vd. (2018)
Caryophyllaceae  Silene behen - - + + Catav vd. (2018)
Cistaceae Helianthemum salicifolium + - - - Catav vd. (2018)
Cyperaceae Ficinia nodosa + + + T.E  Flematti vd. (2011)
Ericaceae Andersonia latiflora + + + T.E  Flematti vd. (2011)
Anigozanthos bicolor + - + T.E  Downes vd. (2014)
A. flavidus + + T.E  Mavd. (2020)
A. flavidus + - + T.E  Downes vd. (2014)
A. gabrielae + - + T.E  Downes vd. (2014)
A. humilis - - + T.E  Flematti vd. (2011)
A. humilis + - + T.E  Downes vd. (2014)
A. manglesii + - + T.E  Flematti vd. (2011)
A. manglesii + - + T.E  Downes vd. (2014)
A. rufus - - + T.E  Downes vd. (2014)
A. viridis + - + T.E  Flematti vd. (2011)
Haemodoraceae s
A. viridis + - + T.E  Downes vd. (2014)
Blancoa canescens + + - T.E  Downes vd. (2014)
Conostylis aculeata + + + T.E  Downes vd. (2015)
C. angustifolia + + - T.E  Downes vd. (2015)
C. candicans + + + T.E  Flematti vd. (2011)
C. canteriata + + + T.E  Downes vd. (2015)
C. juncea + + + T.E  Downes vd. (2015)
C. resinosa + + + T.E  Downes vd. (2015)
C. setosa + + - T.E  Downes vd. (2015)
C. teretifolia + + - T.E  Downes vd. (2015)
Ballota acetabulosa + + - + Bu ¢alisma
Phlomis lycia + - - + Bu ¢alisma
Lamiaceae Stachy_s cretica - + - + Catav vd. (2018)
S. cretica + + - + Bu ¢alisma
Teucrium chamaedrys - - - + Bu ¢alisma
Thymbra spicata - - - + Catav vd. (2018)
Malvaceae Alcea pallida + - + + Catav vd. (2018)
Plantaginaceae Chaenorhinum rubrifolium + + + + Tavsanoglu vd. (2017)
Avena barbata - - - + Catav vd. (2018)
Poaceae Heteropogon contortus + - + T.E  Baldos vd. (2015)
Phleum exaratum + + + + Catav vd. (2018)
Polygonaceae Rumex tuberosus + + + + Catav vd. (2018)
Proteaceae Grevillea leucopteris + + - T.E  Downes vd. (2013)
Restionaceae Rhodocoma arida + - + T.E  Flematti vd. (2011)
Rosaceae Sanguisorba minor - - - + Catav vd. (2018)
stlidi Stylidium affine + + - T.E  Flematti vd. (2011)
ylidiaceae )
S. affine + + - T.E  Downes vd. (2013)
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4. Sonuclar

Caligmamizin bulgulari, Lamiaceae tiirlerinin dumana olan pozitif ¢cimlenme tepkilerinde, KAR1 bilesiginin
onemli bir rol oynadigini gostermektedir. Siyanohidrin ise tek basina etkili olmamakla beraber, KAR; ile
birlikte uygulandiginda ¢imlenme yiizdesini arttirabilmekte ya da sinerjistik bir etki yaratabilmektedir. Bu
arastirmanin ¢iktilari, tibbi ve ekonomik degere sahip Lamiaceae tiirlerinin ¢imlenme potansiyellerini
arttirmak i¢in kullanilabilir.
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positive and negative, and multi-class classification was conducted according to labels including Lung Opacity,
COVID-19, Normal, and Viral Pneumonia. The recommended model consisted of MobileNetV2, DenseNet121,
InceptionResNetV2, and Xception networks. Transfer learning was used for initial weights. These models, were
combined with ensemble learning to obtain better classification performance. Results: The best binary classification
result was obtained from the MobileNetv2 with an accuracy rate of 98.84%. The hybrid model improved slightly,
with a value 0.16. In the multi-class classification, the DenseNet121 accomplished the highest classification rate, with
93.17%. The hybrid model improvement in the multi-class classification was 0.81. According to these results, the
proposed method will alleviate the burden of health personnel during the epidemic. It will also aid in the diagnosis
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1. Introduction

In December 2019, a new virus was informed to the World Health Organization (WHO) by Chinese
specialists, whose origin was unknown, but with symptoms similar to pulmonary pneumonia (Allam, 2020).
The WHO is called this new pneumonia as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has been accepted as an epidemic disease, and according to statistics, it has infected 209 million people and
caused the deaths of 4.38 million people (Qu, Cao, & Chen 2021; WHO Coronavirus (COVID-19) Dashboard,
2021). The virus causing SARS was detected around Guandong, China in 2003, the Middle East Respiratory
Syndrome (MERS) was exposed in the Middle East in 2012, and the SARS-CoV-2 virus was detected in the
Hubei region of the Chinese city of Wuhan (Allam, 2020; Qu et al., 2021).

The COVID-19 epidemic has deeply affected the entire world, and no effective drug has been found against
the virus to date. The existing medical infrastructures of countries have collapsed against the virus and most
patients have not been able to reach treatment. Specialists have recommended the use of masks, social
distancing, quarantine, and filiation studies after disease detection to communities and governments as a
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precaution against the virus. In order to keep the pandemic under control, rapid and accurate detection of the
disease has been of critical importance.

As stated in WHO data dated the end of August 2021, the total number of reports since the beginning is 81
million in America, 64 million in Europe, 41 million in Asia, and 5.5 million in Africa. The highest number of
cases comprise 37 million in the United States, 32.4 million in India, 21 million in Brazil, 6.7 million in the
Russian Federation, and 6.4. million in France. The number of incidents is directly proportional to the number
of tests, and when the access of African countries to the test is considered, these numbers show that the situation
is more serious.

Reverse transcription polymerase chain reaction (RT-PCR), diffractive phase interferometry, saliva, antibody
tests, lung biopsy, and radiological imaging methods [computed tomography (CT), lung X-Ray] are used in
the detection of coronavirus (Huang et al., 2020; Ozturk et al., 2020; Wang, Lin, & Wong, 2020; Bouchareb
et al., 2021). The PCR test is the most commonly used method and has been recognized as the gold standard.
However, this test method has limitations, such as producing erroneous results (Huang et al., 2020), supply
shortages, a long diagnostic time, and the requirement of manual processing (Wang et al., 2020). The
sensitivity rate of this diagnostic method is between 60% and 70%, and it can give negative results in cases
with COVID-19 symptoms (Ozturk et al., 2020).

As stated in October 2020 dated announcement of the WHO, medical imaging methods have been accepted as
a valid method for the identification of clinical symptoms of patients who have been infected and recuperated
(Alam et al., 2021). In the examinations performed by radiologists on CT and chest radiograph images of
COVID-19 positive patients, findings specific to the SARS-CoV-2 virus were detected (Wang et al., 2020).
These coronavirus findings are expressed as the two-sided distribution of irregular shades and the opacity of
opal glass (Wang et al., 2020). These infected lung areas were found in lung X-Ray images in 9% of patients
with negative RT-PCR tests. The results are dependent on the antigen concentration in the test kit (Karthik
Meneja & Hariharan, 2020). The output time of the test results varies from one hour to several days (Bouchareb
etal., 2021)

During the epidemic, most countries did not have access to RT-PCR test Kits or had to fight against the virus
with very few test kits. Countries like Turkey, where the number of RT-PCR test kits is insufficient, have tried
to COVID-19 diagnosis with CT (Ozturk et al., 2020). CT devices have long imaging times and are not
available in most underdeveloped countries (Alam, Ahsan, Based, Haider & Kowalski, 2021). The
disadvantages of this method include that it cannot be applied to children and pregnant women due to high
radiation, high cost (Wang et al., 2021), insufficient equipment and personnel, and CT laboratories increase
the risk of infection (Oh, Park, & Ye, 2020). The CT imaging method is useful in monitoring the condition of
COVID-19 patients rather than diagnosis (Horry, Chakraborty, Paul, Pradhan & Shukla, 2020).

Today, most hospitals and medical clinics have X-Ray equipment (Narin, Kaya, & Pamuk, 2021). The chest
X-Ray imaging method offers advantages such as working with lower exposure to radiation, rapid output, and
low cost when compared to the CT method (Wang et al., 2021). X-Ray imaging take approximately 15-20 min
(Karthik et al., 2020). Chest X-Ray images are preferred in the process of diagnosing COVID-19 due to its
modularity and accessibility. Repeated features observed on the X-Ray images of COVID-19 cases include
irregularity of nitrates or opacities, similar to other pneumonia features (Horry et al., 2020).

The analysis of the disease can only be determined by specialist radiologists by interpreting the chest
radiograph images. The similarity of the findings on the images of COVID-19 and other pneumonias makes
the diagnosis process more difficult (Wang et al., 2021). It takes an average of 5-6 min to make a diagnosis if
examination of the image is performed by a specialist radiologist (Rubin et al., 2020).

Despite the negative aspects described above in the diagnosis of coronavirus, lung radiograph images are
accepted as a valid and effective method. These problems in the evaluation of the image can be eliminated
with machine learning (ML) approaches and an agile solution can be presented. Artificial intelligence

487



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 4, Pages:486-503

techniques need large and balanced data sets in order to give high performance results. (Abbas, Abdelsamea,
& Gaber, 2021). However, the number of data in open sources for COVID-19 is limited (Abbas, Abdelsamea,
& Gaber, 2021). In cases where there are insufficient data, the approach to be followed in order to obtain
successful results is convolutional neural networks (CNNs) (Abbas, Abdelsamea, & Gaber, 2021).

Successful results in detecting corona virus from lung X-ray images have been obtained using CNNs and have
made classification with higher accuracy than support vector machines(SVM), artificial neural networks
(ANNS), and k-nearest neighbour (KNN) algorithms (Monshi, Pool, Chung, and Monshi, 2021).

Recently, it has become very popular to ensemble more than one classifier in the field of ML and DL and use
them together for classification problems (Bhardwaj & Kaur, 2021). Ensembled architectures have produced
effective results in real world problems and computer vision problems (Bhardwaj & Kaur, 2021).

Within the scope of the this study, MobileNetV2, DenseNet121, Xception, and InceptionResNetV2, which are
the most used CNNs in the literature, were applied to lung radiograph images. Instead of starting from scratch
with the transfer learning approach, the initial weights were transferred to these models from the ImageNet
dataset. Combining the advantages of the above-mentioned four networks with the ensemble learning
approach, a hybrid solution capable of binary and multiple classification is proposed. One of the largest known
datasets in open sources was used. The accuracy rate was chosen as the evaluation parameter. It is hoped that
the hybrid solution, which included four different models, will demonstrate robust performance against
different types of datasets that it may encounter in the future.

The main contributions can be outlined as follows:

e Developing a test method within existing medical equipment (X-Ray Devices) that can be found in
each health centre

e Supporting existing testing capabilities for more accurate results
e Providing testing capabilities to countries that cannot access PCR tests

e Proposing a more effective system by combining four models instead of one at epidemic when accurate
diagnosis is critical

e Building an effective model for larger datasets that may be encountered in the future

This study is organised as follows. The reminder of this chapter presents a literature review on coronavirus
classification from radiological images. In section 2, the theoretical background about the models used in the
research, CNN, transfer and ensemble learning are discussed. In addition, the dataset and information about
the application in the research are included in this section. In section 3, the outputs of the study, results, and
discussion are included. In Section 4, a brief summary of the study, the outputs, and future studies are given.

1.1. Literature Review

In this section, there is a literature review of ML approaches and applications in the field of COVID-19
detection. With the increase in data, the Al community has started to support to the control COVID-19
epidemic with traditional ML methods, new approaches, and hybrid model applications. The most common
and biggest problem seen in the studies included in the literature review was the lack of a sufficient size data
set. It was aimed to overcome the related constraint by various methods.

Wang et al. (2020) classified normal, viral, or bacterial, COVID-19 labels on chest radiograph images in their
study presenting COVID-NET. The network, whose initial weights were transferred from the ImageNet data
set, made classification with 92.6% accuracy. Ozturk et al. (2020) studied the diagnosis of COVID-19 from
lung radiograph images in their work presenting DarkNet-19-based DarkCovidNet. They reached a result with
accuracy rates for binary and multiple classification 98.08% and 87.02% respectively. Hemdan et al. (2020)
proposed COVIDX-Net in their study by using VGG19, InceptionV3, DenseNet201, ResNetV2,
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InceptionResNetV2, MobileNetV2, and Xception models. As a result of the study, the most successful results
were obtained from the VGG19 and DenseNet201 networks.

Rahimzadeh & Attar (2020) studied Xception and ResNet50V2 models on a dataset containing very few
images of a COVID-19 class. To overcome this problem, the dataset was divided into subsets according to the
least number of class labels and the models were trained in 8 consecutive steps. By combining the output layer
of the two models, a performance evaluation was made with 5 cross-validation methods and an accuracy rate
of 92.4% was obtained. Arkadani, Kanafi, Acharya, Khadem & Mohammadi (2020) surveyed CT images, and
examined 10 commonly used CNN models (AlexNet, GoogleNet, VGG16-19, SqueezeNet, MobileNetV2,
ResNet18-50-101, and Xception). When the model performances were evaluated, the highest results were
obtained from ResNet101 with 99.26% accuracy and Xception with an accuracy rate of 99.38%.

Feki, Ammar, Kessentini & Muhammad (2021) proposed a federated and centralised system solution based on
VGG16 and ResNet50, which will cover clinics that cannot share their data due to data privacy. The initial
weights are obtained from the training in the central environment and transferred to the client nodes. Client
nodes start with these weights in their training and transfer possible updates to the centre. The process is
managed iteratively. In federated architecture, VGG16 performed with 93.57 % accuracy, ResNet50 95.4%,
and in centralised architecture VGG16 93.75% and ResNet50 95.3% accuracy. The CVDNet model, developed
by Ouchicha, Ammor & Meknassi (2020) and based on ResNet networks, aimed to extract local and general
characteristics of the data. The architecture, which consists of two parallel blocks, applies two different filters
to the image. The solution presented was evaluated with 5-fold cross-validation, and it worked with a success
rate of 97.20% in binary classification and 96.69% in multiple classification.

Bozkurt (2021) applied CNN networks to X-ray images from simple to complex and compared performance.
All networks were multi-classified and labelled data according to COVID-19, Normal, and Other pneumonia
labels. Several networks were used in the study. The best result was achieved from the DenseNet121 network
with an accuracy rate of 97.26%. Bhardwaj & Kaur (2021) tried to diagnose COVID-19 and other respiratory
diseases by applying an ensemble learning approach to X-Ray images. Ensemble deep learning consists of
InceptionV3, DenseNet121, Xception, and InceptionResNetVV2 models. The proposed method made binary
and multi-classification with 92.36% and 98.33% accuracy. In another study for the detection of COVID-19
from lung radiograph images, Altan & Karsu (2021) proposed a hybrid study combining chaotic salp swarm
algorithm, 2D Curvelet Transformation, and EfficientNet-BO model. The feature map was created with the
coefficients obtained with the 2D Curvelet transformation, the coefficient optimization in the feature map was
made with CSSA and the classification was performed with EfficentNET-BO0. The hybrid architecture has
classified data with a high accuracy rate of 99.59%.

Monshi, Pool, Chung, & Monshi (2021) focused on data augmentation and hyper parameters to get better
performance for CNN models. The best data augmentation as a result of trials was determined as 20° rotation,
1.2 zooming, 0.2 warping, 0.3 lighting, and normalizing. The most efficient hyper parameters were 30 epochs,
32 bath size, and cross-entropy loss function. The accuracy rate of the VGG-19 network was improved by
11.93% and the ResNet50 network by 4.97%. The proposed CovidXrayNet network, based on EfficientNet-
50, achieved triple classification with an accuracy of 95.82% as a result of the evaluations. Alam, Ahsan
Based, Haider, & Kowalski (2021) focused on feature extraction processes in their study. After collected
features from X-ray images with histogram and CNN methods, they combined the features and gave them as
input to the model. The VGGNet model was used and the outputs were compared with ANNs, KNNs, and
CNN:s. It performed better than these networks and classified with 99.49% accuracy.

Afifi, Hafsa, Ali, Alhumam & Alsanman (2021), analysed the entire lung x-ray image and local anomalies
simultaneously using the ResNet18, InceptionVV4 and DenseNet161 architectures. Each model is ensembled
by averaging the weights which obtained from global and local points. The most successful result was obtained
from the ensembled version of the DenseNet161 network. The ensemble architecture classified the data
according to control, Pneumonia, and COVID-19 tags with 91.2% accuracy. Saha et al. (2020), ensembled the
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MobileNet, InceptionVV3, Xception, DenseNet121 and DenseNet201 models in order to be able to classify with
higher performance. In the ensembling process, two different strategies were used, namely the averaging of
the feature maps and the max vote method for the predictions in the output layer. The classification made in 4
labels as COVID-19, Normal, Viral and Bacterial pneumonia resulted in an accuracy rate of 89.21%. Focusing
on overfitting, high variance, and noise-induced generalization errors of small datasets, Tang et al. (2021)
proposed a method they named EDL-COVID. This method is based on taking samples of the COVID-Net
architecture according to different sensitivity values. Then, these models with different weights are combined
by taking the average of the weights. The sensitivity value was accepted as a performance parameter and it
was obtained at a rate of 96%. The accuracy rate, on the other hand, is 95% of the binary classification accuracy
of the COVID-19 tag. Ghernea & Neagoe (2021) combined two concurrent convolutional neural networks
based on VGG-Net with ensemble learning. The main difference of the models in the same architecture is that
they are trained with asymmetrical data sets. The best asymmetric value for the binary classification was
determined as 5, and the ensemble learning model performed with 95.02% accuracy.

2.1. Technical Background

2.1.1. Convolutional Neural Network

CNN architectures used in computer vision and image processing are a deep learning approach applied to
data exhibiting similar topology, such as sequential pixels in images (Goodfellow, Bengio, & Courville, 2017).
The serious processing complexity encountered by other neural network models in image processing is
overcome with CNN models and reduced to more manageable states (Ankile, Heggland, & Krange, 2020).
CNN architectures consist of different and ordered layers. First layer is convolution, middle layer is pooling,
and last layer is fully-connected layer (Aloysius & Geetha, 2017).

e Convolutional Layer: In this layer, local features are extracted by applying a filter or a matrix called
kernel to the image (Arora, Garg, & Gupta, 2020). The output of the convolution layer is called the
feature map (Ouchicha et al., 2020). Most of the computational load of the entire network occurs at
this layer (Arora et al., 2020). Optimizations to be made on hyper parameters such as filter size, stride,
and padding used in the extraction of the feature map provide a significant improvement in the
complexity of the network (Aloysius & Geetha, 2017).

The outputs of the convolution layer are linear, and it needs to be converted to nonlinear structure for
improve the speed of the model and to get the desired outputs from the input functions (Gulcu & Kus
2020; Hassantabar, Ahmadi, & Sharifi, 2020; Ouchicha et al., 2020).
o Rectified Linear Unit (ReLU): Inputs are converted to values between 0 and c. ReLU is
widely preferred due to its better performance against vanishing gradient problem, low cost
and high performance in the training phase (Ouchicha et al., 2020).

e Pooling Layer: The number of parameters of the model is reduced by applying pooling layer to the
outputs of the convolution layer (Aloysius & Geetha, 2017). In this way, improvements in
computational complexity are achieved and overfitting is prevented (Aloysius & Geetha, 2017).

o Fully-Connected Layer: Using this layer, a link is established between the features obtained from the
image and the classification label (Ouchicha et al., 2020). It is not possible to apply the convolution
after flatten layer (Arora et al., 2020).

Within the scope of the related research, MobileNetV2, DenseNet121, InceptionResNetV2, and Xception
models were used in binary and multiclass classification.

2.1.1.1. MobileNetV2

MobileNet networks classify with fewer computation and parameters than other networks. These networks,
which exhibit similar classification performance to other networks, also have low memory requirements.
Compared to other CNN models, the computational cost is 8-9 times less. In the convolution layer of these
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networks, two different sub-convolutional layers are used, as point(1x1) and deep(3x3) (Sandler, Howard,
Zhu, Zhmoginov, & Chen, 2018).

2.1.1.2. DenseNet121

In DenseNet networks, each layer takes the feature map of the former layer as input and adds the output it
produces to this feature map and transfers it to the next layer (Huang, Liu, Maaten, & Weinberger, 2017). This
advantageous situation complicates the control of the main feature map and the management of the network
(Wang, & Zhang, 2020). In order to keep the feature map manageable by the network, the subsampling method
is used in the merge operations made in the layers. In addition, transition blocks are placed between the layers,
which include stack normalization, convolution, and pooling operations (Wang, & Zhang, 2020).

With the DenseNet architecture, the convolutional model becomes resistant to the vanishing gradient problem,
exhibits a strong feature distribution, and works with less total number of parameters than other networks
(Huang et al., 2017).

2.1.1.3. Xception

Xception networks are formed by combining depthwise separable layers with residual connections (Chollet
2017). While the network achieves computational time improvement with the help of separable convolution
layers, it is made more resistant to the vanishing gradient problem with the residual connections (Chollet, 2017;
Rsimiyati, Endah, Khadijah & Shiddig, 2020).

2.1.1.4. InceptionResNetv2

It is an effective hybrid model that combines the InceptionV3 architecture and residual connections.
Although more effective results are obtained with increasing depth in Inception networks, the problem of
vanishing gradient is encountered. By combining the two network architectures, the computational efficiency
advantage of Inception networks is retained, while all of the advantages of the residual networks, such as
vanishing gradient problem solving, are utilised (Szegedy,loffe, Vanhoucke & Alemi, 2016; Wu, Liu,Yang &
Zen, 2020).

2.1.2. Transfer Learning

A large quantity of training and test data is needed in order to construct and effectively implement ML
methods (Tan, Sun, Kong, Zgang, & Liu, 2018). However, it is often not possible to collect sufficient data
(Tan et al., 2018). Transfer learning is the process of increasing the performance of applications in these fields
of study by transferring the knowledge obtained from fields that consist of healthy data and that show a
balanced data distribution to different but related fields and target algorithms.

With transfer learning, there is an increase in the learning performance of the target study area and a significant
decrease in the data requirement and time required for training. Transfer learning approaches are divided into
four groups as example, feature, parameter and relation-based (Zuhang et al., 2021).

2.1.3. Ensemble Deep Learning

Ensemble deep learning is the process of training ANNs simultaneously using one or more data sets to
solve a common problem (Goodfellow et al., 2017). The final model that emerges as a result of ensemble deep
learning combines the advantages of its sub-models and shows much better generalization performance
(Ganaie, Hu, Tanveer, & Suganthan, 2021). High-performance results are obtained with these integrated
network applications in large-scale challenges such as natural language processing, computer vision and
speech recognition (Yang et al., 2021).
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2.1.4. Dataset

The dataset studied in this research were obtained from the Coronavirus Radiology database. The
dataset (COVID-19 Radiography Database, 2021) was generated by the researchers of Qatar and
Dhaka Universities and Pakistani and Malaysian medical doctors who supported this team. The
dataset consists of the following sources, BIMCV Medical Image Bank of the Valencia Region
(BIMCV, 2021), GitHub (MI-Workgroup, 2021), SIRM Societa Italiana di Radiologia Medica y
Interventisca (Redazione, 2021), European Society of Radiology (Eurorad.org, 2021), GitHub
(leeeB8023, 2021), FigShare COVID-19 Chest X-Ray Image Repository (COVID-19 Chest X-Ray
Image Repository, 2021), GitHub (Armiro, 2021), Radiology Society of North America (RSNA
Pneumonia Detection Challenge, 2021), and Kaggle Chest X-Ray Images(Pneumonia) (Chest X-
Ray Images (Pneumonia), 2018). The dataset consists of healthy, viral pneumonia, lung opacity,
and COVID-19 patient radiograph images (Figure 1).

Table 1
X-Ray Image dataset structure
Subset COVID-19 Lung Opacity Normal Viral Pneumonia
Train 2.908 4.799 8.152 1.076
Test 711 1.213 2.040 269
Total 3.616 6.012 10.192 1.345

Within the scope of the study, the data set was divided into training, validation, and test subsets, for both
classification methods. The training and test set are separated by 80%—-20%. In order to prevent overfitting of
the model and to monitor its behaviour, 20% of the training set was reserved as a validation set. The distribution
of dataset according to the subsets is placed in Table 1.

7-&

COVID-19 Lung Opacity Healthy Viral Pneumonia

Figure 1. X-Ray images with classification labels.

Over-fitting is inevitable when the dataset size is small. There is a wide spectrum of methods to prevent this
problem. Monshi, Pool, Chung, & Monshi (2021) focused on data augmentation and hyper parameters for
better performance. In this study, the outputs of Monshi, Pool, Chung, & Monshi (2021)’s study were used.
Data augmentation methods applied to X-Ray images; 20° rotation, 1.2 zooming, 0.2 warping, 0.3 lighting,
0.2 width and height shifting.

2.2. Proposed Method

The insufficient amount of the dataset, the presence of outlier data and the high randomness of deep
learning models bring along the problems of variance and generalization error (Chen, Dobrian & Lee, 2019).
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Although the effect of this problem is reduced by regularization and data augmentation, these disadvantages
of a single model can be effectively overcome with ensemble learning (Tang et al.., 2021).

This study consisted of 3 phases. In the first phase, binary classification was made on the chest X-Ray images.
In binary classification, each image is classified according to COVID-19 and other class labels. In the second
phase, multiple classifications were made and the models were expected to classify the data according to the
Normal, COVID-19, Lung Opacity, and Viral Pneumonia labels. In the third phase, these models, which have
advantages over each other, were ensembled and it was aimed to reach a common solution that could perform
binary and multiple classification with much higher performance.

The individually trained networks were combined with the unweighted model averaging ensemble method for
binary and multiple classification. The approach applied within the scope of the study was based on creating
the final model by averaging of the output layers of the sub-models. The probability that each model calculates
for the classification labels was averaged. Final classification was based on the class label with the highest
average probability. Initial weights were transferred from the ImageNet dataset by using the sample-based
transfer learning methodology instead of starting from scratch. Transfer learning methodology is shown in

Figure 2.
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Figure 2. Transfer learning approach in multi classification.

2.2.1. Application

MobileNetV2, DenseNet121, InceptionResNetV2 and Xception CNNs were used as base classification
models. In the first stage, the networks were individually trained. In these trainings, the transfer learning
approach was followed and the process was started with the initial weights obtained from the ImageNet data
set.

New layers were added to increase the performance in the output layer of the models and to show compatibility
with the classification labels. There was a 4 x 4 filter size average pooling layer, flatten layer, hidden layer
consisting of 256 neurons, dropout, hidden layer (128 neurons), dropout, hidden layer (64 neurons), and lastly,
an output layer containing neurons belonging to labels. Rectified linear unit activation (ReLU) was used in the
previous layers and the softmax was used in the last layer. These new layers are given in Figure 3.
Experimented with a dropout value of 0.2, 0.5 and 0.8. The best result was obtained at 0.5.
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Figure 3. New output layers.

In the models, binary cross-entropy and categorical cross-entropy loss function were used in binary and
multiple classification, respectively (Figure 4). The adadelta optimization algorithm was used in both
classification models.

-

E e

Binary Classification Ensemble Block Multiple Classification Ensemble Block

7

Figure 4. Binary and multiple classification blocks of CNN Models.

While applying the models, different methods were followed due to the limited resources available, such as
time slots of the graphics processing unit (GPU) and central processing unit (CPU). During the training, the
epoch was determined as 100 and the batch size was 32. In addition, the Early Stopping mechanism of the
Keras library was used. This mechanism monitors the validation loss in the model. If the model is saturated
and there is no change in the validation loss, the weights that give the best results are saved and the model is
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terminated. The validation loss monitoring value was taken as 15. The accuracy rate was used as a performance
metric. Other performance metrics such as Precision, Recall, Specificity, AUC, MSE were also examined.

The trained convolutional models and the weights of these models were saved and transferred to ensemble
learning, which was the last step. The final model was generated with the unweighted model averaging
ensemble method. This method is based on averaging the of the output layers of the saved sub-models. In this
step, the average of the probabilistic values of the class labels is calculated and the classification is made
according to the highest value. In the combined model, both the Adam and Adadelta optimization methods
were used and better results were obtained with Adadelta. The trainable and non-trainable parameters of CNN
models and hybrid architecture are demonstrated in Table 2. Despite the high complexity, each model was
trained individually before combining them and only its weights were used in the hybrid model.

Table 2
Model parameter list.

Model Input Shape Trainable Non Trainable Total Parameter
DenseNet121 224x224x3 8.043.970 83.648 8.127.618
MobileNetV2 224x224x3 3.576.130 34.112 3.610.242

Xception 299x299x3 22.945.642 54.528 23.000.170
InceptionResNetV2 299x299x3 54.710.946 60.544 54.771.490
Ensembled Model 256x256x3 89.276.688 232.832 89.509.520

DenseNet121 block is shown as a representation in Figures 5 and 6. The core models of ensemble learning
used in the general architecture were different, and these models were: DenseNet121 is MobileNetV2,
Xception and InceptionResNetV2.

Binary Classification Ensemble Block

Figure 5. The proposed ensemble learning architecture for binary classification.
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Multiple Classification Ensemble Block

Figure 6. The proposed ensemble learning architecture for multi classification.

3. Results and Discussion

In the study on the data set, two different classification approaches were followed and the detection of
SARS-CoV-2 pneumonia was attempted by analysing the chest radiograph images with CNNSs. In the first
approach, a binary classification was made with the COVID-19 and other class labels, and in the second
approach, a multi-classification was made by considering the Lung Opacity, COVID-19, Normal, and Viral
Pneumonia labels. In the proposed solution, the models were individually trained for binary (Figure 8), and
multiple classification (Figure 7), and these models and weights were saved for ensemble deep learning.
Various additions were made to the output layers in order to provide higher performance results for the
individual models. In the final stage, the trained sub-models were combined with unweighted model averaging
ensemble method. After the final model was created, the results in Tables 3 and 4 were obtained using the test
set.

The performance of multi-classification was lower than that of binary classification. In order to overcome this
problem, higher performance results can be obtained with detailed studies with activation functions and hyper
parameters in future studies.

In the future, the current study can be supported by other clinical data and a much more holistic solution can
be developed. CNN-based or other ML approaches, in which parameters such as blood values, saliva test, other
lung data, PCR test are combined with X-ray images, can be studied on specific solutions to the problem. Or,
focus can be placed on scenarios where there are not enough medical personnel but basic imaging devices,
such as x-ray, are available. CNN networks that can work on mobile devices can be examined, and support
personnel, such as inexperienced doctors, soldiers, or police, can be assigned during a crisis, as a result of
mobile devices that can classify COVID-109.
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Table 3
Binary classification results.

Model Accuracy  Precision Recall ~ Specificity Sensitivity =~ AUC MSE
DenseNet121 0.9862 0.9541 0.9648 0.9997 0.9887 0.9933 0.0105
MobileNetV2 0.9884 0.9728 0.9578 1.0 0.9901 0.9944  0.0095

Xception 0.9799 0.9471 0.9324 0.9985 0.9789 0.9864 0.0165
InceptionResNetV2 0.9591 0.8788 0.8776 0.9900 0.9409 0.9588 0.0372
Ensembled Model 0.9900 0.9737 0.9666 1.0 0.9980 0.9974 0.0108
Table 4
Multiple classification results.

Model Accuracy  Precision Recall ~ Specificity Sensitivity = AUC MSE
DenseNet121 0.9317 0.9336 0.9308 0.9980 0.9906 0.9883 0.0275
MobileNetV2 0.9216 0.9249 0.9171 0.9983 0.9929 0.9878 0.0302

Xception 0.9152 0.9128 0.9978 0.9975 0.9858 0.9832 0.0338
InceptionResNetV2 0.8909 0.8959 0.8883 0.9910 0.9679 0.9690 0.0453
Ensembled Model 0.9398 0.9437 0.9312 0.9987 0.9979 0.9918 0.0249
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Figure 7. Model performances used in ensemble deep learning for multi classification.
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Figure 8. Model performances used in ensemble deep learning for binary classification.

According to the results obtained, it was observed that the ensemble learning approach gave better results in
both classification methods. The final model created for binary classification provided a small increase
compared to the sub-models that formed it. However, it is believed that the proposed solution will preserve all
the advantages of the sub-models and will perform binary classification with high accuracy in future data sets.
In multiple learning, on the other hand, a much better generalization was achieved compared to sub-models,
and the final model accuracy rate was higher than these models.
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Table 5

Proposed methods with related works

Reference Model Chest X-Ray Dataset Classification Accuracy
(Binary: B / Multiple: M)
Wang et al.(2020) COVID-NET 13.800 Images (8.066 Normal, 5.538  B: 92.6%
Pneumonia, 183 COVID-19) M: 83.5%
Ozturk et al.(2020) DarkCovidNet 1.127 Images (500 Normal, 500 B: 98.08%
Pneumonia, 127 COVID-19) M: 87.02%
Afifi et al.(2021) Ensemble Deep Learning ~ 11.197 Images (7.217 Normal and M: 91.2%
(DenseNet161 with Other Lung pulmonary diseases,
Different Weights) 5.451 Pneumonia, 1.056 COVID-19)
Hemdan et al.(2020) COVIDX-Net 50 Images (25 COVID-19, 25 B: 90%
Normal
Saha et al.(2020) Ensemble Deep Learning  1.622 Images (408 Normal, 408 M: 89.21%
(MobileNet, InceptiobV3, COVID-19, 408 Bacterial
Xception, DenseNet121, Pneumonia, 408 Viral Pneumonia)
DenseNet201)
Rahimzadeh et al.(2020) Hibrid CNN 15.085 Images (180 COVID-19, B: 99.50%
6.054 Pneumonia, 8.851 Normal) M: 91.4%
Tang et al. (2021 Ensemble Deep Learning  15.477 Images (6.053 Pneumonia, B: 96 %
(Different snapshots of 8.851 Normal, 573 COVID-19)
COVID-NET)
Ghenea et al. (2021) Ensemble Deep Learning ~ 8.088 Images (4.044 COVID-19, B: 95.02%
(VGG-NET based CNN1, 4.044 NON-COVID-19)
CNN2)
Ouchicha et al.(2020) CVDNet 2.905 Images (1.341 Normal, 219 B: 97.20%
COVID-19, 1.345 Viral Pneumonia)  M: 96.69%
Bhardwaj & Kaur (2021) Ensemble Deep Learning ~ 10.000 Images (2.022 Other B: 98.33%
(InceptionV3, Pneumonia, 2.161 COVID-19, 5563 M: 92.36%
DenseNet121, Xception, Normal)
InceptionResNetV2)
# Proposed Method 21.165 Images (3.616 COVID-19, B: 99.00%
6.012 Lung Opacity, 10.192 Normal, =~ M: 93.98%

1.345 Viral Pneumonia)

4. Conclusion

Within the scope of the related research, a solution that can distinguish between coronavirus and other
respiratory diseases using chest radiograph images was presented. Limited data are available in open sources
due to the new outbreak of the epidemic and limitations such as legal regulations regarding the sharing of
patient X-ray images. Despite these limitations, the models in the study were developed with a much larger
dataset than the datasets used in the studies in Table 5. The main purpose of the study was determined as
finding a solution to produce effective results in data sets of various sizes that may be encountered in the future.
For this purpose, a hybrid model based on the DenseNet121, MobileNetV2, Xception, and InceptionResNetV/2
models, which show high performance in computer vision and image processing problems, was built. Instead
of starting from scratch in the training stages of the preferred models, the initial weights were transferred from
the ImageNet dataset.

The advantages of the four CNNs were combined with unweighted model averaging ensemble learning. As a
result, better generalization was obtained. In the final model for binary classification, a slight increase was
obtained compared to the sub-models, and the result model was 99.00% accuracy, and a higher increase in
multi-classification was achieved and the classification was made with an accuracy rate of 93.98%. These
results showed that the hybrid architecture built on proven and high-performance CNN models can also show
promising performance in future datasets.
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Makale Tarihgesi N .. L. . . e e . .
Oz — Bu ¢alisma, 10 adet Macar figi ¢esidine ait tohumlarin baz1 fiziksel ve fizyolojik 6zelliklerin incelenmesi

Génderim:  05.04.2021 amaciyla 2020 yilinda Bingdl Universitesi ve Ege Universitesi Laboratuvarlarinda yiiriitiilmiistiir. Macar figi
Kabul: 17.08.2021 tohumlarina ait uzunluk (mm), genislik (mm), yiizey alam (mm?), aritmetik ¢ap (mm), geometrik gap (mm),
kiiresellik ve bin tane agirlig: gibi fiziksel 6zellikler ile ¢gimlenme yiizdesi, ¢imlenme zamany, siirgiin uzunlugu (cm)
ve kok uzunlugu (cm) gibi bazi fizyolojik 6zellikler incelenmistir. Macar figi gesitlerine ait tohumlarin ortalama
olarak uzunluklar1 4.034 mm, genislikleri 3.780 mm, yiizey alanlar1 12.459 mm?, aritmetik ¢aplar1 3.907 mm,
geometrik ¢aplar1 21.427 mm ve kiiresellik degeri ise 5.158 olarak tespit edilmis ve incelenen bu 6zellikler, gesitler
arasinda istatistiksel olarak farklilik goéstermistir. Tohumlarin bin dane agirligi ortalama 37.065 g olarak
belirlenmistir. Cesitler arasinda Anadolu Pembesi 2002 ve Oguz 2002 cesitleri ¢imlenemedikleri i¢in ¢imlenme
yiizdesi, ¢gimlenme zamanu, siirgiin ve kok uzunluklari hesaplanamamustir. Geriye kalan ¢esitlerin ¢imlenme oranlari
%88-99, ¢imlenme zamanlar 1,448-1,631 giin, siirgiin uzunluklari 5.613-10.227 cm ve kok uzunluklari ise 4.191-
6.661 cm arasinda tespit edilmistir. Sonug olarak, incelenen fiziksel 6zellikler agisindan Anadolu Pembesi-2002 ve
Oguz 2002 cesitlerinin, incelenen fizyolojik 6zelliklerden ¢imlenme orani agisindan Kansur ve Tarm Beyazi 98,
cimlenme siiresi agisindan Sariefe, siirgiin uzunlugu agisindan Akgalar ve Kansur, kok uzunlugu agisindan ise
Akgalar gesidinin iistiin 6zellikler gosterdigi tespit edilmistir.

Yayim: 15.12.2021

Arastirma Makalesi
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A Research on The Determination of Physical and Phsiological
Properties of Hungarian Vetch (Vicia pannonica Crantz) Seeds
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Article History . . . . . . .
Abstract — This study was carried out in order to examine some physical and physiological characteristics of seeds
Received:  05.04.2021  pelonging to 10 Hungarian vetch varieties in Bingdl University and Ege University Laboratories in 2020. Physical
Accepted:  17.08.2021 properties of Hungarian vetch seeds such as length (mm), width (mm), surface area (mm?), arithmetic diameter (mm),
geometric diameter (mm), sphericity and thousand grain weight and some physiological characteristics such as
germination percentage, germination time, shoot length (cm) and root length (cm) were investigated. The average length
. of the seeds of the Hungarian vetch varieties was 4.034 mm, their width was 3.780 mm, their surface area was 12.459
Research Article mm?, their arithmetic diameter was 3.907 mm, their geometric diameter was 21.427 mm, and the sphericity value was
determined as 5.158, and these characteristics were statistically different between the varieties. Thousand grain weight
of the seeds were determined to 37.065 g on average. Since Anadolu Pembesi 2002 and Oguz 2002 varieties could
not germinate, germination percentage, germination time, shoot and root length could not be calculated. The
germination rates of the remaining varieties were found to be 88-99%, germination time 1,448-1,631 days, shoot
lengths 5.613-10.227 cm and root lengths between 4.191-6.661 cm. In conclusion, it was determined that Anadolu
Pembesi-2002 and Oguz-2002 varieties showed superior properties in terms of the examined physical properties. It was
determined that Kansur and Tarm Beyazi 98 in terms of germination rate, Sariefe in terms of germination time, Akgalar
and Kansur in terms of shoot length, and Akgalar variety in terms of root length.
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1.Giris

Iklim degisimleri ve kiiresel 1sinma ile birlikte siirdiiriilebilir tarrm ilkesine bagl kalarak insanlarin
beslenme ihtiyacini karsilamaya yonelik pek ¢ok arastirma yapilmaktadir. Diger yandan, tarim yapilan
arazilerin giderek kiigiilmesi bitkisel iiretim kadar hayvansal {iretiminde sikintiya sokmaktadir. Ozellikle
hayvansal iiretimin en onemli basamaklarindan birisi olan hayvanlarin beslenme ihtiyacglarin1 gayir ve
meralardan karsilanmasi giin gectikce zorlasmaktadir. TUIK (2019) verilerine gore toplam arazi miktarinmn
14.6 ha kismimi ¢ayir ve mera arazileri olusturmaktadir. Buralardan giderilemeyen beslenme ihtiyact yem
bitkilerinin iiretimi ile karsilanmaya ¢alisilmaktadir. Bu amacla kullanilabilecek yem bitkileri cinslerinden
birisi de Fabaceae ailesinin bir liyesi olan figlerdir. Fabaceae familyasi iilkemizde 69 cins 1145 takson ile ikinci
en genis familya konumundadir. Fig (Vicia) ise, bu aile igerisinde 89 takson ile tigiincii biiyiik cins olarak yer
almaktadir (Kozan vd., 2013). Fig (Vicia spp.) yesil-kuru ot, tane olarak tiretimi, yesil giibreleme materyali ile
hayvanlarin otlatilmasi amaciyla degerlendirilen bir yem bitkisi materyalidir (Avcr vd., 2002; Rubiales vd.,
2013). Tiirkiye’de 2017 yilinda fig ekilen alan miktar1 4 456 256 da iken 2018 yilinda ekilen alanlarda daralma
yasanmasina karsin 2019 yili itibariyle yeniden bir yiikselis (Tablo 1) gosterdigi goriilmektedir. Bu durum
yesil ot olarak {iiretilen fig miktarina da dogrudan yansimis; {ireticilerin hayvansal {iretim i¢in yem bitkilerine
vermis olduklar1 6nemin de gostermektedir (Tenikecier vd., 2020).

Tablo 1
Ulkemizde fig ekilen alan ve iiretim miktarlar1 (TUIK, 2021)
Yillar Ekilen Alan (da) Fig Uretimi (Yesil ot) (t)
2015 4 365 182 4281 259
2016 4428 378 4 542 042
2017 4 456 256 4 597 600
2018 3 869 465 4273 945
2019 3914 980 4 303 868

Macar figi (Vicia pannonica Crantz) ise, adin1 da aldig1 Macaristan basta olmak iizere Orta Avrupa, Tuna
iilkeleri ve Dogu Akdeniz Bolgesinde 20. yy baslarindan itibaren kiiltiirii yapilan sonrasinda ispanya’dan
Kafkaslara kadar genis bir cografya da yetistirilen bir yem bitkisidir (Gengkan, 1983; Leht ve Jaaska, 2002).
Macar figi, kurakliga ve kis sartlarma dayanimi, yiiksek rakimli bolgelerde yetisebilme ozelligi ile 6ne
cikmaktadir (Gegit vd., 2018; Aksoy ve Nursoy, 2010; Turan, 2019). Bunlarin yaninda &zellikle hayvansal
iiretim i¢in 6nemli olan parametreler ile de 6n plana ¢ikmaktadir. Ayrica tahillar ile karisik ekim ve yetisme

olanagina sahip olmasi sebebiyle hayvanlarin beslenme kalitesini de arttirdig1 yapilan arastirmalar ile
belirlenmistir (Altinok ve Hakyemez, 2002; Biiyiikbur¢ ve Karadag, 2002; Turan, 2019).

Tiim bitkilerde oldugu gibi Macar figine ait genotiplere ait tohumlarda iklim, cografya ve toprak ozelliklerine
bagl olarak degisim gosterebilmektedir (Dumanoglu vd., 2021). Bitkisel iiretimin temini olusturan tohumlarin
karakteristik 6zelliklerinin belirlenmesi ve bu degerler goz oniine alinarak uygun alet, makine ve sistemlerinin
secilmesi, tarimsal mekanizasyondan faydalanilarak ne az {iriin kaybiyla iiretim basamaklarinin gecilebilmesi

miimkiin olmaktadir (Dumanoglu vd., 2019). Ayrica, 1slah ¢alismalarinda genotip se¢iminin yapilmasinda,
tohum oOzelliklerini iyilestirme yonelik yapilan ¢aligmalarda ve iirlin isleme basamaklarinda da tohum
ozelliklerinden faydalanilmaktadir.

Bu c¢alismada, tireticiler tarafindan tercih edilen on adet Macar figi (Vicia pannonica Crantz) ¢esidi
tohumlarina ait karakteristik baz1 fiziksel (sekil-boyut, yiizey alan, ortalama aritmetik ve geometrik g¢ap,
kiiresellik, bin tane agirligi) ve fizyolojik (¢imlenme orani, ¢imlenme zamani, siirgiin ve k6k uzunluklarr)
ozellikler belirlenmistir. Incelenen bu 6zellikler tohumlarin kimlik verileri hakkinda arastirmacilara bilgi
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vermesi, degerlendirme seklilerinin belirlenebilmesi ve kosullara bagli olarak bu 6zelliklerinin iyilestirmesi
yolunda arastirmalara destek olmasi hedeflenmistir.

2. Materyal ve Yontem

Bu calisma, Ege Universitesi ve Bingdl Universitesi Ziraat Fakiiltelerinde Tarim Makinalar1 ve
Teknolojileri Boliimii ile Biyosistem Miihendisligi Boliimlerinde 2019-2020 yillarinda laboratuvar ortaminda
yuritiilmiistiir. Arastirmada kullanilan gesitler Tablo 2’de verilmistir. Calismada 10 farkli Macar figi (Vicia
pannonica Crantz) ¢esidine ait tohumlarin bazi fiziksel ve fizyolojik 6zellikleri agagida belirtilen yontemler
izlenerek incelenmistir.

Tablo 2
Aragtirmada kullanilan Macar figi cesitleri

No Macar figi Cesitleri
Aygiin

Akgalar

Budak

Enes

Kansur

Sari1 efe

Tarm Beyazi-98

Dogu Beyazi

Anadolu Pembesi 2002
Oguz 2002

© 0O N o O B~ W N e

=
o

2.1. Macar Figi Tohumlarina Ait Baz Fiziksel Ozellikler

Tohumlarin temel 6zelliklerinden biri olan sekil-boyut, uzunluk (mm), genislik (mm) ve kalinlik (mm)
degerleri hesaplanarak belirlenmektedir. Arastirmalardan elde edilen sonuglara gére tohumlarin geometrik
ozellikleri (Tane genisligi/Tane uzunlugu)(mm) (uzun(0.6mm)-orta(0.6-0.7mm)-kisa(>0.7mm)) ve sekil
ozellikleri (uzunluk, genislik, kalinlik (mm)) (yuvarlak (a =~ b = c)-oval (a/3 <b = c)-uzun (c < b < a/3))
belirlenerek ayr1 ayri incelenmektedir (Yagcioglu, 2015). Bu ¢alismada, on adet Macar figi cesidine ait
tohumlar rastgele 6rneklenmis ve i¢lerinden 100’er adet tohum segilerek bunlara ait uzunluk (mm), genislik
(mm) ve yiizey alan (mm?) degerleri kendine ait yazilimi (Image Focus 4.0 v2.4) olan stereo mikroskop
(Nexius Zoom marka) ile belirlenmistir (Dumanoglu ve Geren, 2020).

Macar figi tohumlarimin sekil-boyut 6zelliklerine dair degerler belirlendikten sonra bu veriler kullanilarak
tohumlara ait ortalama aritmetik cap (mm) ((D: (L + W)/2)), ortalama geometrik ¢ap (mm) ((Do: (L * D*2)1/
3)) degerleri ve kiiresellik (@: Do/L ) degerleri belirlenebilmektedir (L: Tohuma ait uzunluk degeri (mm); W:
Tohuma ait genislik degeri (mm)) (Mohsenin, 1970; Alayunt, 2000; Kara, 2012).

Tohumlarin bin dane agirliklar1 (g) da ayrica 6nem tasimaktadir. Calisma igerisinde incelenen on farkli Macar
figi ¢esidine ait tohumlar rastgele (licer tekrarli) olacak sekilde sayillmig Radwag AS 220.R2 analitik terazide
(0.0001 g hassasiyetine) tartim islemi yapilarak bin tane agirligi belirlenmistir (Dumanoglu vd., 2020).

506



Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 4, Sayfa: 504-511

2.2. Macar Figi Tohumlarina Ait Baz1 Fizyolojik Ozellikler

Caligmada, on adet Macar figi (Vicia pannonica Crantz) gesidine ait tohumlarin ¢gimlenme zamani (giin) ve
ylizdesi (%) ile siirgiin-kdk uzunluklar1 (cm) belirlenmistir. Bunun i¢in, her bir ¢esitten rastgele alinan 6rnekler
igerisinden segilen tohumlar ISTA (2007) kurallarina gore 1 hafta 6n sogutma islemine (+4°C buzdolabinda)
tabii tutulmustur. Bingdl Universitesi Ziraat Fakiiltesi laboratuvarlarinda yer alan MEMMERT marka
inkiibator igerisinde kontrollii sartlar altina (20-25°C, %60 nem, karanlik ortam, 10 giin), dorder tekrarli olacak
sekilde petrilere ekim ve sayim iglemleri gergeklestirilmistir. Giinliik olarak sayim iglemleri tamamlandiktan
sonra her bir ¢esit icin rastgele olacak sekilde 100’er adet bitki se¢ilmis ve bunlarin her birisinin siirgiin-kok
uzunluklar (cm) Ol¢iilmiistiir. Ortalama ¢imlenme orani (%):). n/N x100 (n: Cimlenen/¢ikis yapan tohum
say1st; N: toplam tohum sayisi) (Duman ve Gokgol, 2017); Ortalama ¢imlenme zamani (giin): Y. (gx X Ny)/ >Nk
(9x: Cimlenme baglangicindaki giin; ny: Sayimin yapildigi giin ¢gimlenen tohum sayisi; Y nx: Toplam ¢imlenen
tohum sayis1) seklinde hesaplanmistir (Akin ve Duman, 2018).

2.3. Istatistiksel Analiz

Bu calismada, Macar figi (Vicia pannonica Crantz) tohumlarina ait bazi fiziksel ve fizyolojik 6zellikleri
belirlenmeye ¢alisilmistir. Tohumlar tesadiif parselleri deneme desenine gore incelenmistir. Elde edilen veriler
SPPSS V.22 programi ile 6nce One-Way ANOVA testi tohumlarin farkliligi p<0.05 diizeyinde belirlenmis
daha sonra da bu degerlere TUKEY testi uygulanmustir.

3. Bulgular ve Tartisma

3.1. Macar Figi Tohumlarina Ait Baz Fiziksel Ozellikler

Bu ¢aligsma igerisinde on farkli Macar fig (Vicia pannonica Crantz) ¢esidine ait tohumlar incelenmistir.
Genel olarak tiim Macar figi ¢esitlerini birlikte degerlendirdigimizde ortalama 4.034 mm uzunluk, 3.780 mm
genislik, 12.459 mm? yiizey alan1, 3.907 mm aritmetik ¢ap, 21.427 mm geometrik ¢ap ve 5.158 kiiresellik
degerine sahip oldugu belirlenmistir. Elde edilen verilere gore Anadolu Pembesi 2002 ve Oguz 2002
cesitlerinin ayni grup igerisinde yer aldig1 ve en yiiksek ortalama uzunluk (sirasiyla 4.808 mm ve 4.804 mm),
genislik (4.348 mm ve 4.413 mm), yiizey alan (17.007 mm? ve 17.193 mm?), aritmetik ¢ap (4.578 mm ve 4.608
mm), geometrik ¢ap (34.048 mm ve 34.503 mm) ve kiiresellik (7.013 ve 7.108) degerlerine sahip olduklari
belirlenmistir. Budak cesidi ise; ortalama uzunluk (3.560 mm), genislik (3.351 mm), yiizey alani (9.615 mm?),
aritmetik cap (3.456 mm), geometrik cap (14.487 mm) ve kiiresellik (4.011 mm) degerleri agisindan Macar
figi cesitleri arasinda en diisiik degerlere sahip oldugu saptanmistir. Elde edilen veriler, Gengkan (1983)’in
Macar figi ile ilgili olarak vermis oldugu bilgilerle (tohumlar yaklagik 4 mm ¢apinda, 2-2.5 mm uzunlugunda;
kiirevi ya da yass1 formlarda; koyu esmer, siyah renge sahiptir) paralellik géstermektedir. Tiim Macar figi
cesitlerinin uzunluk, genislik degerleri incelendiginde, tohumlarin kisa ve oval forma sahip oldugu
saptanmistir. Anadolu Pembesi 2002 ve Oguz 2002 c¢esitlerinin istatistiki olarak diger gesitlere gore
Ozelliklerinin belirgin oldugu; Budak ¢esidinin ise genel olarak diger c¢esitlerden istatistiki farkli grupta
degerlendirildigi belirlenmistir. Macar figlerinin ortalama 37.065 g bin dane agirligina sahip oldugu
belirlenmistir. Anadolu Pembesi 2002 (54.225 g) ve Oguz 2002 (48.700 g) ¢esitlerinin en agir, Budak (26.925
g) ve Kansur (29.175 g) gesitlerinin de en hafif bin dane agirligia sahip oldugu saptanmustir (Tablo 3). Ulker
ve Yiiksel’in (2021) Usak sartlarinda yapmis olduklar1 ¢aligmada baz1 Macar figi ¢esitlerinde (Budak, Kansur,
Oguz 2002, Sariefe, Tarm Beyazi-98) elde ettikleri bin tane oranlarinin (sirasiyla 32.24 g, 31.82 g, 30.39 g,
35.53 g ve 32.36 g) bu arastirmada Olgiilen degerler ile uyustugu belirlenmistir. Seydosoglu’nun (2014)
Diyarbakir ekolojik sartlarinda bazi Macar fig genotipleri (Tarm Beyaz1-98, Anadolu pembesi 2002, Budak,
Oguz 2002) ile yapmis oldugu ¢alismada tohumlarin bin taneleri ile ilgili olarak elde etmis oldugu degerler
(swrasiyla 319, 46.69, 34.29, 47.29) ile bu arastirmada 6l¢iilen degerlerin paralellik gosterdigi belirlenmistir.
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Tablo 3
Macar figi ¢esitlerinin bazi fiziksel 6zellikleri
Tohum 6zellikleri
. - Yiize Ort. Ort. Bin Tane
Cosit Ads U(Z#]m;k G(eé]nnil)l k alany Aritmetik | Geometrik | Kiiresellik | Agirlig
(mm? | Cap (mm) | Cap (mm) (@)

Aygiin 3.780% | 3.589% | 11.015° 3.684¢% 17.297¢% 4.543% 31.675
Akcalar 3.889% | 3.650« 11.545P 3.769% 18.771¢% 4,766 35.500
ZA;SSO'“ Pembesi | 4 g0g: | 4348 | 17.007 | 4578 | 34048 | 7.013° 54.225
Budak 3.560f 3.351¢ 9.615¢ 3.456f 14.487f 4.011f 26.950
Dogu Beyazi 3.899¢ 3.706° 11.660° 3.802¢ 19.029¢ 4.840% 33.325
Enes 3.927¢ 3.719% 11.782%¢ 3.823¢ 19.405¢ 4,896° 38.200
Kansur 3.731° 3.504¢ 10.647¢ 3.618¢ 16.573¢f 4,389¢ 29.175
Oguz 2002 4.8042 44132 17.1932 4.6082 34.5032 7.1082 48.700
Sariefe 3.878 3.669°¢ 11.5171bcd 3.774% 18.695¢% 4,772 35.675
Tarm Beyazi1-98 4.068° 3.847° 12.613% 3.957° 21.464° 5.241° 37.225
Enaz 3.560 3.351 9.615 3.456 14.487 4,011 26.950
En ¢ok 4,808 4,413 17.193 4,608 34.503 7.108 54.225
Ortalama 4,068 3.847 12.613 3.957 21.464 5.241 37.225
Stdv. 0.428 0.344 2.569 0.385 7.019 1.055 8.453
Varyasyon 0262 | 0201 | 27.157 0.214 4.373 1.546 15.665
Katsayisi

3.2. Macar Figi Tohumlarina Ait Baz1 Fizyolojik Ozellikler

Macar figlerinin (Vicia pannonica Crantz) ¢imlenme oranlarini inceledigimizde, bu ¢esitler igerinde Kansur
ve Tarim Beyazi-98 ¢esitlerinin %99 oraninda ¢imlendigi en diisiik ¢cimlenme orani ise %88 oraninda Enes ve
%89 orani ile Akcalar cesitlerinde elde edildigi belirlenmistir. Anadolu Pembesi 2002 ve Oguz 2002
cesitlerinde hi¢ ¢ikis kayit edilmemistir. Ayrica, ¢imlenme zamani bakimindan tohumlar birbirine yakin
zamanlar icerisinde ¢imlenirken, en hizli ¢imlenen Sariefe ¢esidi olurken, en yavas ¢cimlenen ise Enes ¢esidi
olmustur (Tablo 4). Bagei ve Mutlu (2014) yapmis olduklari ¢alismada, Anadolu pembesi 2002, Oguz 2002,
Tarim Beyazi-98 Macar figi ¢esitlerini incelemisler ve elde etikleri sonuglara gore tohumlarin ¢imlenme
oranlarini sirasiyla %93.33, %83.33 ve %%95 olarak belirlemislerdir. Avcei (2019), yapmis oldugu calismada
inceledigi alt1 farkli Macar figinden dordii bu ¢alisma igerisinde incelenen Budak, Kansur, Tarm Beyaz1-98 ve
Anadolu Pembesi 2002’dir. Bu tohumlara ait ¢imlenme oranlar1 ve siireleri sirastyla %95 ile 1.97 giin, %98.50
ile 1.99 giin, %98.50 ile 1.91 giin ve %99.50 ile 2.79 giin seklinde olmustur.
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Tablo 4
Macar figi ¢esitlerinin ¢imlenme orani ve zamani
Cesit ad1 Cimlenme Oran (%) Cimlenme zamani (giin)

Aygiin 95 1.457
Akcalar 89 1.523
Budak 91 1.480
Enes 88 1.631
Kansur 99 1.487
Sar1 efe 93 1.448
Tarm Beyaz1-98 99 1.483
Dogu Beyazi 91 1.587
Anadolu pembesi 2002 0 0
Oguz 2002 0 0

Macar figi gesitlerinin ortalama siirgiin (cm) ve kok (cm) uzunluklar: Tablo 5°de verilmistir. Anadolu Pembesi
2002 ve Oguz 2002 cesitlerine ait tohumlarda ¢ikis olmadigi igin ortalama siirgiin ve kok uzunluklarina bu
cesitler dahil edilmemistir. Bunlarin diginda kalan 8 ¢esitten 100’er adet 6rnekleme yapilmistir. Yapilan 6l¢iim
sonrasinda, en yiiksek siirgiin Kansur ¢esidinde (10.227), kok uzunlugu ise Akcalar cesidinde (6.661 cm)
Olciilmiistiir. Tlim Macar figlerinin genel olarak ortalama siirgiin uzunlugu 8.771 cm, kok uzunlugu ise 5.663
cm olarak 6l¢iilmiistiir (Tablo 5). Genel olarak birbirine yakin siirgiin ve kok uzunluklari elde edilmistir. Avci
(2019) calismasinda inceledigi Macar figlerine (Budak, Kansur, Tarm Beyazi-98 ve Anadolu Pembesi 2002)
ait siirglin-kok uzunluklarini sirasiyla 5.85 cm ve 4.62 cm, 5.65 cm ve 4.15 cm, 6.85 cm ve 3.85 cm, 4.87 cm
ve 4.05 cm olarak 6lgmiistiir.

Tablo 5
Macar figi cesitlerinin ortalama siiriin ve kdk uzunluklar
Cesit ad Ortalama Stirglin uzunlugu (cm) Ortalama Kok uzunlugu (cm)

Aygiin 9.667 5.667
Akgcalar 10.223 6.661
Budak 8.165 6.483
Enes 9.471 5.188
Kansur 10.227 6.307
Sar1 efe 10.079 6.341
Tarm Beyaz1-98 6.722 4.467
Dogu Beyazi 5.613 4,191
Anadolu Pembesi 2002 0 0
Oguz 2002 0 0
Ortalama 8.771 5.663

4. Sonuglar

Bu c¢alismada, on adet Macar figi (Vicia pannonica Crantz) ¢esidine ait tohumlarin bazi fiziksel (ve
fizyolojik ozellikleri incelenmistir. incelenen fiziksel 6zelliklerden uzunluk, genislik, yiizey alani, aritmetik
cap, geometrik ¢ap ve kiiresellik acisindan Anadolu Pembesi 2002 ve Oguz 2002 gesitlerinin 6n plana ¢iktigi
belirlenmis; fizyolojik 6zelliklerden bakimindan ise, ¢cimlenme oranmi agisindan Kansur ve Tarm Beyazi1 98,
¢cimlenme siiresi agisindan Sariefe, siirglin uzunlugu agisindan Akgalar ve Kansur, kok uzunlugu agisindan ise
Akgcalar ¢esidinin istiin 6zellikler gosterdigi tespit edilmistir. Bu veriler, basta 1slah ve tohum teknolojisi
caligmalart olmak tizere ekimden hasada kadar gecen bitkisel {iretim asamalarinda tarimsal mekanizasyon
yardimu ile yapilacak olan islemlerde {iriin kayiplarinin en aza indirmesi ve uygun alet, makine sistemlerin
belirlenmesi amaciyla degerlendirilecegi 6ngorilmektedir.
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Published:  15.12.2021 larger than M:3.0 occurring from 2004 to 2015 to reveal the current tectonic regime. According to kinematic analy-
sis results from fault assemblages and focal mechanism solutions for earthquakes, two tectonic regimes affected the
region before the Pliocene and at present. In the first tectonic regime, strike-slip faulting developed under a NW-SE
oriented compressional regime. There was an R ratio of 0.426 between the principal stress axes and this shows
faulting had transtensional character. The region converted to a NE-SW oriented extensional regime dominated by
normal faulting in the Quaternary. This currently effective extensional regime was understood from focal mecha-
nism solutions of earthquakes developing in the region. The reason for this regime being effective is the rapid pull
by the African plate on the Anatolian plate, which rides above the African plate, and horizontal extension in the
Anatolian plate.
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1. Introduction

Western Anatolia contains many active tectonic elements. The study area represents an area bounded by
the main active tectonic elements of the Biiylik Menderes Graben system to the north, the Gokova Fault
Zone to the south, the Gulf of Giilliik to the West and the Mugla Fault and Yatagan Fault to the west.

The kinematic and seismotectonic features of the Milas Fault, located in the study area, were investigated.
The fault or faults with kinematic indicators were measured and reviewed and numerical analysis was per-
formed. The presence of a two-stage tectonic regime was identified in the region. Additionally, extensional
directions obtained from joint focal mechanism solution results for earthquakes and the extensional direc-
tions obtained as a result of kinetic studies were compared and the relationship with the effective extensional
direction in W-SW Anatolia in the present day was investigated. The locations observed in field studies and
obtained from kinematic data were discussed in light of faults represented on the active fault map and proba-
ble faults were evaluated in areas where the Milas Fault is not located. Recommendations were made about
detecting the existence of these probable faults.
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Turkey is located at the intersection of three main lithospheric plates of the Eurasian, Arabian and African
plates and is one of the world’s most important seismic regions with more than 200 earthquakes with
Mw>6.0 occurring in the last century (Emre et al., 2018; Kadirioglu et al., 2018). With the effect of defor-
mation occurring as a result of continental collision between the African, Arabian and Eurasian plates, the 4
main neotectonic elements of the North Anatolian Fault, East Anatolian Fault, Dead Sea Fault Zone and Cy-
prus-Hellenic Arc developed. As a result of northward movement of the Arabian and African plates, the
Anatolian block has moved toward the west from the Mio-Pliocene to the present data and this movement,
beginning the neotectonic period, caused many active faults to develop in the Anatolian block. The right
lateral North Anatolian Fault and left lateral East Anatolian Fault developed along the north and east bounda-
ries of the Anatolian block (Sengor, 1980). As a result of the effect of stretching and active deformation in
Western Anatolia today with N-S extension, E-W striking depression areas (Gediz, Simav, Bakir¢ay-Soma,
Edremit, Kii¢ciilk Menderes, Biiylik Menderes, Gokova) and elevated areas between these depressions (Kaz-
daglari, Madra, Aydin, Mentese, Bozdaglar1) can be observed (Kirkan et al., 2017).

In W-SW Anatolia, the Milas Fault, Yatagan Fault, Mugla Fault and Gokova Fault Zone are active faults
located in the area between the Biiyilk Menderes Graben and Gulf of Gokova (Gulf of Giillik and
surroundings) according to the Turkish Active Fault Map (Emre et al., 2018). Karabacak (2016), identified
the Mugla Fault and Yatagan Fault as a single fault called the Mugla Fault.

The Mugla Fault has 25 km length, and is a normal fault with general strike from 105°-140° (N40°-75°W)
and dip from 60°-65° southwest (Emre et al., 2018). The Mugla Fault begins from Akgaova, passes north of
Mugla provincial center to reach Gélciik (Emre, Duman, Ozalp & Elmaci, 2011; Emre et al, 2018; Duman,
Emre, Ozalp & Elmaci, 2011). Mugla Fault had length of 30 km and proposed the maximum magnitude
caused by earthquakes occurring on the Mugla Fault was Mw=6.71 (Emre et al., 2018).

The Yatagan Fault is a normal fault with 17 km length, general strike 297-342 (N18°-63°W) dipping 60°-65°
northwest. The Yatagan Fault begins south of Yatagan county and continues along Sahinler, Kagibag,
Boziiyiik, Gokpinar, Bahgeyaka, and Pasapinar (Emre et al., 2018; Duman et al., 2011). It was proposed that
the maximum magnitude of an earthquake which may occur along the Mugla Fault was Mw=6.48 (Emre et
al., 2018).

The Milas Fault with total 39 km length, comprises two segments of the Karakuyu segment with 25 km
length and the Bec¢in segment with 14 km length. The Karakuyu segment follows the line of Egridere-
Hisarcik-Karakuyu-Mentes and is a right lateral strike slip fault with general strike 292°-309° (N51°-68°W)
dipping 87°-90°. The Be¢in segment follows the line from Be¢in-Kalinagil-Kayadere and is a right lateral
strike slip fault with general strike from 295°-307° (N53°-65°W) and dip of 87°-90° (Emre et al., 2018;
Duman et al., 2011). All structural elements in the region are active faults with potential to produce
earthquakes. In this study, the Late Cenozoic stress state for the Gulf of Giilliik and close surroundings
including active faults (Figure 1) was revealed using both kinematic analysis of fault assemblages and
inverse solutions of earthquake focal mechanisms.
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Figure 1. Seismotectonic map of the western Anatolian (Tan, Tapirdamaz & Yoriik, 2008 and references
therein).

2. Materials and Methods

2.1. Method used for Kinematic Analysis of Fault Assemblages

First determined by Carey (1979) and then developed by Carey-Gailhardis & Mercier (1987), kinematic
analysis is a numerical analysis method using markers located on fault planes determining the form of
movement (lineations, dip direction, dip amount, slip amount) in areas where the type of geological unit and
outcrop conditions are appropriate. Analyses performed with the aid of data obtained from these markers
reveal the behavior and form of deformation in field studies. Generally, movement planes extend in three
perpendicular planes along the three main directions ending in polar points, with the three main stress
directions, axes of the stress ellipsoid formed by maximum compressive stress (c1), intermediate stress axis
(62) and smallest stress component (63), changing linked to the discontinuity and heterogeneity of the
material. For the movement direction on each fault in this situation, the principal stress ol is the
compressional region and 63 is the extensional region as revealed by Angelier & Mechler (1977).

For each measured slip line, the stress on the plane (1) is determined as 61 = oni + ti. The angle between
the predicted offset vector in the above hypothesis (ti) and the observed offset vector (Si) approaches 0. The
(ti) component is a function of four parameters. These are the three Euler angles given by the three main
stress directions according to a geographic reference point and the R ratio between principal stresses (Carey,
1979, Carey-Gailhardis and Mercier, 1987). R = (62-c1) / (63-61). Here, o1, 62, and o3 are the three main
stress values for compression, intermediate and extension. The R value changes between (62 = 63) and (o1 =
62) and has a value from 0 to 1. The R value provides information about the type and components of
faulting. In the situation where the R value is O, there is normal faulting which is a product of an extensional
regime; when it is close to 1 there is reverse faulting which is a product of a compressional regime. If the R
value is close to 0 (0<R<0.15) it represents the transition from strike slip faulting to normal faulting; if it is
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close to 1 (0.85<R<1) it represents the transition from strike slip faulting to normal faulting. If the R value is
0.45<R<0.55. strike slip faulting is present. Again if the R value is smaller than 0.45 (0.15<R<0.45), it
represents a transtensional regime; when it is larger than 0.55 (0.55<R<0.85) it represents at transpressional
regime (Ozden, Over, Kavak, & Inal, 2008). The three-axis stress situation of a normal faulting regime may
be determined according to the R ratio. Stations giving normal faulting solutions are expected to have R
values (0.15<R<0.85). Contrarily, normal faulting may be considered to develop as two axes and radial
(linked to gravity) (Carey, 1979; Carey-Gailhardis & Mercier 1987).

When differentiating tectonic deformation stages from each other, in addition to the directions of principal
stress axes and ratio between principal stress axes, data from fault planes overlapping in the field, cross-
cutting fault-offset data, geodynamic evolution of Western Anatolia and comparisons with similar studies
about this topic were used.

2.2. Method used for Inverse Solution of Earthquake Focal Mechanisms

The focal mechanism solutions for 11 (M>3) earthquakes used in the study were determined using the
ZsacWin program (Yilmazer, 2003) based on Dreger’s (2002) inverse solution code and HYPO71 (Lee &
Lahr, 1972) location analysis. In the study with first movement polarity analysis was used for only 1 earth-
guake solution and a total of 12 earthquake source parameters were calculated. Full wave forms from several
broad band stations recording regional and local distances were used in the method. The study chose three-
component broad band station data with high signal/noise ratio and redetermined earthquake depths with the
grid-search algorithm. Generally, solutions used 0.05-0.1 Hz interval band-pass filters. Final focal mecha-
nism solutions were determined by noting the variance reduction parameters representing the compatibility
between synthetic and observed wave forms.

In the regional moment tensor inverse solution technique, the moment tensor is a mathematical expression
generalizing the conjugate force pairs at a point source which includes important information about the
scalar-seismic moment, orientation and source mechanism. Generally, moment tensor parameters may be
solved with data from a single three component station, but the inclusion of more stations in the analysis
significantly improves the stability of results (Dreger & Helmberger, 1993). In the analysis, a point source
approach was used in space and time environments as seismic source.

un(x,t) = MijGni , j(x,z,) (1)

The equation shows U as the ground movement component, while G is the Green function representing
crustal structure. Additionally, the source station distance is x, while the source depth is z, and M includes
the scalar seismic moment components. The basis of the method is to explain low frequency portions of the
waveforms recorded at seismic stations within regional distance by the linear least squares solution to
Equation 1 at depth determined by the assumption that the crustal structure is adequately known.

With the aim of determining the quality of the inverse solution, a variance criterion checking the
compatibility between observed and calculated data is used. The variance reduction (VR) (max=100) is
directly proportional to the solution quality.

(2)

In conclusion, noting the VR parameter shown in Equation 2, the target is to iteratively reach the optimum
solution and finally determine the fault plane parameters (strike, dip, rake) from this solution.
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3. Results and Discussion

3.1. Kinematic Analysis Results

When the geological units in the study area are examined, units appear to be dominantly from before the
Miocene. Pre-Miocene units are simplified on the geological map, these units are grouped among themselves
and assessed as basement units. Units from the Miocene period are observed around Didim county and
surroundings, south and southwest of Milas county and west of Bodrum county. Quaternary units are
observed southwest of Lake Bafa and around Milas.

Kinematic analysis measurements from a total of 19 stations included 18 in pre-Miocene units and 1 from a
Miocene unit (Figure 2 and Table 1). Kinematic data from 136 fault planes measured at a total of 21 stations
identified the presence of 2 different tectonic regimes. These tectonic regimes are a NW/SE compressional
regime (SS1) and a NE/SW extensional regime (SS2), from older to younger (Figure 3). When
differentiating these tectonic regime types (deformation stages), many parameters were considered and the
study worked backwards in time beginning with the final tectonic regime. Tectonic regimes were determined
by considering the principal strain axes obtained from kinematic analysis results and the ratio of principal
strain axes. This topic was compared with previous studies, similar and same-age fields in order to
differentiate deformation stages, especially in west-central Anatolia and the Aegean Extension region and
this was a large factor in creating this chronological narrative for geodynamic evolution in western Anatolia.

ettlement o
l:l Kinematic Site

Probable Fault

= ‘Holocene Fault GULLUK GULF

270 274 272 273 274 275 276 27.7 278 279 28.0
Figure 2. Geological and Active Fault map of the Gulf of Giillik and Surroundings (Emre et al., 2011;

Duman et al, 2011).
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Table 1.
Parameters of fault measurement sites.
Sites UTM (Longitude) UTM (Latitude) Age Litology
1 35S 0555717 4140683 Paleozoic Phyllite
2 35S 0557646 4140086 Paleozoic Phyllite
3 35S 0563799 4133534 Paleozoic Phyllite
4 35S 0561867 4134588 Paleozoic Phyllite
5 35S 0555737 4128791 U. Paleocene-Eocene  Metaclastics, Metacarbonates
6 35S 0553690 4121855 Mesozoic Schist, Calcschist
7 35S 0559097 4120843 Miocene Terrestrial Crumb
8 35S 0550451 4142062 Upper Paleozoic Phyllite
9 35S 0545622 4145099 Upper Paleozoic Phyllite
10 35S 0544327 4146177 Upper Paleozoic Phyllite
11 35S 0534470 4148661 Mesozoic Marble
12 35S 0536039 4148188 Mesozoic Marble
13 35S 0537961 4147572 Mesozoic Marble
14 35S 0572913 4126872 Mesozoic Marble
15 35S 0574659 4127734 Mesozoic Marble
16 35S 0576036 4127012 Mesozoic Marble
17 35S 0576034 4127018 Mesozoic Marble
18 35S 0578355 4128628 Upper Paleozoic Schist
19 35S 0583925 4128831 Upper Paleozoic Schist

3.1.1. NW/SE compressional regime (SS1)

This type of faulting is observed in nearly all locations in the study area encompassing the whole area
from Lake Bafa to the Milas Fault. This regime is represented by 17 observation points (stations apart from 6
and 7) and was measured on a total of 121 fault planes. Here the main stress axis (1) and minimum stress
axis (03) are horizontal while the intermediate stress axis is vertical (62). Due to this, the tectonic regime
type is strike slip faulting. When the measured data are assessed together, the maximum principal stress axis
(o) is 136°/19°; while the minimum principal stress axis (63) is 232°/7°. The Rm ratio is 0.426 (Figure3 and
Table 2). These results show that compression in the region was (c1) N44°W. The R ratio was between 0.45
and 0.55 close to pure strike slip faulting.

3.1.2. NE/SW extensional regime (SS2)

This type of faulting is the youngest tectonic regime observed in the study area and is observed at stations
6 and 7. This regime is represented by measurements on a total of 15 fault planes at 2 observation points.
Here the intermediate stress axis (62) and minimum principal stress axis (63) are horizontal, while the
maximum principal stress axis (c1) is vertical. For this reason, the tectonic regime type is close to normal
faulting. When the measured data are assessed together, the minimum principal stress axis is (63) 230°/8.
The Rm ratio is 0.416 (Figure 3 and Table 2). These results show that the extensional (opening) direction in
the region was (c3) N50°E.

Mesoscopic fault planes belonging to tectonic deformations observed in the study area are shown in Figure 4
and Figure 5. In addition, the section of the road cut showing the last tectonic deformation phase is shown in
Figure 6.
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Figure 3. Results of kinametic analysis. Lower hemisphere stereoplots showing, SS1: NW-SE compressional
regime (site 1-5 and 8-19), SS2: NE-SW extensional regime (site 6 and 7).

518



Journal of Advanced Research in Natural and Applied Sciences

2021, Vol.7 , Issue 4 , Pages:512-526

Table 2.

Results of stress tensor inversions for slip datas.

(a) Sites o1 (Az/dip) o2 (Az/dip) o3 (Az/dip) R N
1 331/18 118/69 238/11  0.618 8
2 339/1 247167 70/23 0532 8
3 138/40 347/46 241/15 0556 6
4 332/35 147/55 240/2 0.287 5
5 91/18 287/71 183/5 0.639 7
8 109/22 276/67 17/5 0.097 8
9 247/24 161/66 256/2 0577 5
10 356/13 172177 266/1 0235 7
11 175/21 359/69 266/1 0.436 7
12 124/8 284/82 33/3 0224 8
13 125/16 298/73 35/2 0470 7
14 175/28 336/60 81/8 0.356 7
15 319/13 175/74 51/9 0194 7
16 128/10 258/75 36/11 0.163 7
17 318/24 119/65 2247 0274 8
18 283/15 75/73 191/7 0.691 8
19 170/24 326/64 76/9 0.892 8

SS.1 ol1=136°19° and 63=232°/7° Rm=0,426 121

(b) Sites o 1 (Az/dip) o2 (Az/dip) o3 (Az/dip) R N
6 340/68 141/21 234/7 0.668 6
7 111/71 317/17 225/8 0.163 9

SS.2 02=319°19° and 63=230°/8° Rm=0,416 15
SFM 02=327°28° and 63=233°/6° Rm=0,498 12
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Site 17

o

Figure 5. Mesoscopic fault plane examples showing tectonic deformation in the study area
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Figure 6. Roadcut section showing final tectonic deformation stage in the study area

3.2. Results for Earthquake Focal Mechanisms

Inverse solution processes completed using data from minimum 5 and maximum 11 stations in the study
area and close surroundings showed variation in the VR value from 51 to 80, used as reliability parameter for
the solutions. The first arrival polarity for earthquakes with the smallest magnitude among earthquakes used
in the study and shown only by K was used for solutions (Table 3). Especially for solutions using many
stations, the VR value interval can be said to be very adequate. The majority of earthquakes solved in the
region in general indicate normal faults with oblique offset component or strike slip faults with small normal
component (Figure 7). After solutions, it was considered that the nodal planes close to E-W orientation
represent the true plane. These planes nearly all present different degrees of normal component in accordance
with the extensional regime in the region. Among these earthquakes, 3 earthquakes named E, C and L
displaying more dominant normal faulting compared to the others were observed to be located along the
south boundary of the Sarigay Plain southwest of the Milas Fault. The focal mechanism solutions for these
three earthquakes are compatible with the NNE-SSW extensional regime in the region, indicating the
presence of normal faults with NE-dipping oblique offset component. However, the focal mechanism
solutions for earthquakes A, B, H and K observed with epicenter above or close to the Milas fault represent
more right-lateral strike slip fault movements (Figure 7).
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Table 3.

Parameters of the focal mechanism results of the bigger than 3.0 magnitude earthquakes (FM: first motion).

Name Date Time Lat Long ) NP_1 _ NRZ Mag. Depth Varien_ce

(UTM)  (Degree) (Degree) (Strike-Dip-Rake) (Strike-Dip-Rake) (km)  Redaction

A 3.8.2004 05:33:38  27.72 37.26 293/78/-159 199/69/-13 4.2 20 61.47
B 482004  04:19:50  27.95 37.25 305/62/-138 191/53/-36 4.9 20 70.11
C 482004 04:26:26  27.69 37.20 276/64/-141 166/55/-33 4.0 14 68.00
D 482004  18:49:00  27.44 37.02 208/77/-24 303/67/-165 3.7 20 70.76
E 5.8.2004 07:11:13  27.69 37.24 270/69/-120 148/36/-37 3.8 10 79.94
F 5.8.2004 07:13:38  27.58 37.20 289/72/-152 190/63/-20 4.0 22 75.26
G 11.1.2005 08:33:35  27.82 37.08 310/80/-146 213/56/-12 3.7 16 56.19
H 10.3.2008  17:22:24  27.47 37.39 278/74/-137 174/49/-21 3.2 12 61.34
| 352009 23:25:00  27.60 37.21 178/70/-33 280/59/-156 3.1 18 66.67
J 30.6.2013 16:57:50  27.64 37.55 149/53/-78 309/39/-105 3.3 6 58.64
K 1.1.2014  06:27:48  27.63 37.42 170/77/-23 86/68/-165 3.0 5 FM
L 6.2.2015  19:37:.07  27.58 37.25 313/74/-110 187/26/-39 3.1 6 51.68
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Based on kinematic analysis of fault assemblages, there are studies differentiating tectonic regime types and
deformation stages in west central Anatolia. Some of these works are as follows, from west to east. A study
in western Anatolia in the Cumaovasi Basin near Izmir observed a transpressional regime along the Orhanli
Fault Zone and left lateral strike slip faulting associated with NE/SW extension and NW/SE compression.
Young data from the basin showed a transtensional regime related to E/W oriented compression and N/S
oriented extension was effective and they supported the continuation of this regime to the present with
earthquake focal mechanism solutions (Uzel & Sézbilir, 2008). In the izmir Balikesir Transfer Zone, 3
different deformation stages were identified of (i) E/W compression and N/S extension equivalent to the
Miocene period, (ii) transitional stage from transtensional regime dominated by strike slip faulting to
transtensional regime dominated by expansion in the Early Pliocene period and (iii) transformation to a
narrow shear zone fragmenting the Izmir Balikesir Transfer Zone during a deformation stage when NE/SW
right lateral strike slip faults, NW/SE left lateral strike slip faults and E/W striking normal faults operated
together (Uzel, Sozbilir, Ozkaymak, Kaymakc1 & Langereis, 2013). Three different deformation stages were
identified for the Havran-Balikesir Fault Zone; (i) NE/SW-NW/SE extension compression regime in the
preMiocene period, (ii) N/S compression and E/W extension regime in the PlioQuaternary and (iii) NE-SW
extension and NW/SE compression effective from the Quaternary to the present (Siimer, Uzel, Ozkaymak &
Sozbilir, 2018). Within the scope of kinematic analysis studies of the Eskisehir Fault and surroundings
located in west-central Anatolia, transition from NW/SE compression and NE/SW extension associated with
a transpressional regime to NE/SW compression and NW/SE extension related to a transtensional tectonic
regime probably occurred in the Quaternary time interval and this regime was proven to continue at present
with earthquake focal mechanism solutions (Ozden, Giindogdu & Bekler, 2015).

In this study faults were monitored directly, and kinematic data were not collected. In order to reveal the
regional behavior mode, attempts were made to examine all outcrops where mesoscopic fault planes were
observed. In an area, the presence of young units has great importance to interpret behavior. In situations
without them, deformation in older units may be assessed. Results emerging from all data collected from the
field and after assessment were conceptualized from the present day toward the past beginning with
seismological data. For this reason, the results do not just represent active faults, but all of the Gulf of Giilliik
and close surroundings. In conclusion, the region can be said to be in an extensional regime producing
mainly oblique strike normal faulting at present.

The detected NW/SE extension and NE/SW compression can be evaluated in the same phase. It may be
interpreted as a compressive regime progressively transitioning to an extensional regime. Due to the
extension in kinematic data being consistent with the present regime, it appears appropriate to interpret the
compressional regime as being just before the present regime. However, though faults noted by MTA on the
active tectonic map are shown as strike slip, areas close to these faults were observed to have more dominant
vertical slip than strike slip on mesoscopic fault planes in the field. Kinematic solutions have the quality of
supporting these results. In summary, it appears that faults in this field mostly have oblique-slip character.
While some have dominant strike slip, most were identified to have dominant vertical slip character and the
geodynamic evolution was interpreted based on this.

Results of SS2 obtained by this study, representing the youngest tectonic regime type from both kinematic
analysis results, and the directions of expansion obtained from the focal mechanism common solution results
of earthquakes, W-SW is compatible with the direction of expansion that is active in Anatolia today. In
addition, these studies are compatible with the results of similar studies in the literature, especially in
Western Anatolia (Figure 8).

Additionally, when locations for kinematic data obtained from field observations are examined, areas not
located on or near the Milas Fault at these observation points were considered to be probable faults. Within
this scope, it is considered there may be a possible extension of the Milas Fault toward the NW and a
possible active fault at the north edge of the basin located south of Milas. It is necessary to investigate these
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faults with advanced and multidisciplinary studies like high-resolution shallow geophysics, paleoseismology
and microseismic network studies to determine whether they are active faults or not.

Age Inversion of Fault and Eartquake Deformation
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Figure 8. The Late Cenozoic stress states of the study area.

The N/S, NNE/SSW and occasionally NE/SW oriented and active extensional regime directions emerge as a
result of the complicated relationship between the African plate and the Anatolian plate. Tears occurring at
depth along the African plate cause rapid deformation of the overlying Anatolian plate.

4. Conclusion

In this study, kinematic and seismotectonic features of the Gulf of Giillik and close surroundings were
investigated. A total of 136 faults with kinematic markers were reviewed at 21 stations and numerical
analysis was performed. As a result, the presence of a two-stage tectonic regime representing the Plio-
Quaternary period was identified in the region. These are, from older to younger, NW/SE compression (SS1)
and NE/SW extension (SS2) deformation stages. Considered to belong to the period before the Quaternary,
the NW/SE compression (SS1) regime had compression direction (cl) calculated as N44°W and was
concluded to involve close to pure strike slip faulting with R ratio between 0.45-0.55 (R=0.426). The NE/SW
extensional regime considered to belong to the Quaternary period had extensional (opening) direction (o3)
calculated as N50°E. According to common solution results for earthquake focal mechanisms, currently there
is an extensional regime with NE/SE direction dominant in the region, with extensional (opening) direction
(03) of N53°E. Both the kinematic analysis results for the youngest tectonic regime of SS2 and the
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extensional direction obtained from common solution results for earthquake focal mechanisms are
compatible with the current extensional direction affecting W-SW Anatolia.
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Avrticle History Abstract — In this study, effective and easily accessible cheap catalysts that assist converting heavy oil residue to

N lighter products with high yield are investigated. Hydrocracking experiments were carried out in a 10 ml stainless
Received: 06.08.2021 : . . . . . -

steel bomb-type reactor with up and down stirrer at 200 times of reciprocation per minute. The catalyst mixture

Accepted: 21.09.2021  provided the minimum coke production was investigated. FeSO,.H.0, the binary mixtures of FeSO4.H,O with

Published: 15.12.2021  Metal oxides (Fe,0s, Al,03, CaO, SiO,) and the mixtures Fe,03, Al,O3 and SiO, with elementary sulphur were used
as catalyst. Experiments were conducted at 425 °C for 90 minutes with the initial pressure 100 bar H,. The amount

Research Article of coke, liquid products and C5- gas products were calculated for each experiment. Gel Permeation Chromatog-
raphy (GPC), Nuclear Magnetic Resonance (*H NMR) and elemental analysis were used for Iranian heavy oil
residue. Differential Scanning Calorimeter (DSC) was used to analyze the catalyst. According to the results, mini-
mum coke production is achieved by FeSO,.H,0+SiO, catalyst. Although minimum coke production achieved with
FeS04.H,0+Si0,, middle distillate containing toluene soluble fraction (TSF) was maximized with
Fe,03+Al,O3+Sulphur catalyst mixture. In addition, the product selectivity in the reactions with the least coke
formation showed selectivity in the direction of the formation of gas and light products, not in the direction of
liquid product formation.

Keywords — Heavy oil, iron catalysts, residue, residue Upgrading, slurry phase hydrocracking reactions

1. Introduction

Iranian oil is still heavily processed in oil refineries around the globe despite recent sanctions employed
by US and European Union on Iran’s crude oil and petroleum products imports (Farzanegan, 2011). Iranian
Heavy Qil blend in particular, demanded at cheap high sulphur crude market especially by refineries which
have the capabilities to upgrade heavy oil residue.

Refinery hydrocarbon margin which is based on the difference between the cost of crude oil and product
prices, varies according to the process ability of the refinery; that is its’ complexity. Fluid Catalytic Cracking
(FCC), Hydrocracker, Coker units are some of the conversion units that increases the complexity of the re-
fineries. Recently global trend across crude oil refining majors is to get highest hydrocarbon margin via ex-
panding their strategically selected refineries with residue upgrading complexes that import cheap intermedi-
ate raw materials such as atmospheric straight run fuel oil (ASRFO) or vacuum residue (VR) (JBC Energy
Global Refinery Margins Weekly Report, 2013).

During last decade world has witnessed closing of significant number of refineries: these were mainly small
yield hydro-skimming and FCC-centered refineries. Nowadays refineries with only Heavy Vacuum Gas Oil
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(HVGO) crackers have been reporting shrinking margins, on the other hand complex refineries, which have
residue conversion units, have stated very good margins and enjoyed high profits (Torchia et al., 2012).
Unconventional products such as heavy vacuum residue (VR) can be evaluated to meet the need for valuable
fuels, given the significant reduction in energy resources. However, these products contain extremely high
molecular weight species as well as heteroatom structures that cause pollution, poisoning of catalysts and
deactivation. These reasons cause a pressure drop in hydrocracking reactions in fixed bed reactors. However,
slurry-phase hydrocracking reactions allow the hydrogenation reactions to be enhanced by dispersion of the
catalysts and help overcome these disadvantages (Tareq et al., 2019). Major companies in the oil and energy
business focused on designing new residue upgrading technologies such as slurry hydrocracking that use
catalysts. Critical point in conversion of high boiling point residue into low boiling products is to minimize
the coke make thereby maximizing liquid products (Zhang et al., 2007). Catalytic hydrogenation is an effec-
tive method for the depolymerization of organic materials and to obtain liquid products with a high hydro-
gen-carbon (H/C) ratio (Hongwei et al., 2019).

Many studies have been performed to find out better catalysts for slurry phase hydrocracking reactions of
heavy oil residue. In literature, they can be grouped as heterogeneous solid dust and homogeneous water or
oil soluble catalysts. Bearden et al. (1978) used metal phthalocyanine and iron based catalysts in their slurry
hydrocracking experiments. They determined that 7 % Fe,O5; and 400 ppm cobalt phthalocyanine mixture
showed the best performance in reducing the amount of coke. Slurry-phase hydrocracking reactions of heavy
oil occur in the form of mass transfer between hydrogen bubbles and the oil phase with a nano-sized, well-
dispersed, submicron catalyst. (Alvarez et al., 2019) In the slurry phase hydrocracking process, hydrogena-
tion reactions were carried out in a bubble column type reactor with homogeneously dispersed catalysts un-
der high temperature (420-460 °C) and 120-200 bar pressure (Angeles et al., 2014). Kim et al., (2017) in-
vestigated at variable temperature, pressure and reaction time of slurry phase hydrocracking reactions of
vacuum residue (VR) in the presence of dispersed MoS, catalyst. Reactions of vacuum residue were carried
out in a batch reactor at 400 °C and 100 bar pressure. As a result, 23% of coke was formed as well as 77% of
the main products such as vacuum kerosene. The temperature and degree of the conversion of VR's hydroc-
racking reactions were determined as the most important factors causing the physical change in the products
(Suk et al., 2021). Kadieva et. al. (2018) synthesized iron-containing catalysts for the hydroconversion of
tars. Catalyst compositions were prepared based on water-soluble iron compounds (FeSO, Fe(NOs)s,
Fe(COOCHs,),). Studies worked on a vertical flow hydroconversion reactor. Catalyst compositions contai-
ning Fel—xS nanosized and Fe(COOCH;), forms of iron under hydroconversion conditions showed catalytic
activity close to the studies performed with MoS, catalyst, which was prepared as nanodispersed before. The
disadvantage of catalysts containing water-soluble iron compounds such as FeSO,4, Fe(NOs)s, Fe(COOCH5),)
is that they form relatively high coke products in hydroconversion reactions. Belinko et al. (1990) used iron
sulfate monohydrate material in their experiments (FeS is the active form) up to 5 % in weight. They report
that the best performance can be achieved by catalyst mixture with max 45 p in size and with a distribution
of at least 50 % under 5 pu. Ni et al., (2019) worked magnetic molybdenum disulfide catalyst
(Fe;0,@SiO,@M0S,) and this catalyst mixture was found to reduce the viscosity of the oil sand. Catalytic
reactions were carried out at 150 bar hydrogen pressure and 400 °C. As a result of the studies, it was ob-
served that the viscosity of liquid products at the viscosity measured at 50 °C decreased from 4660 mPa-s to
76.9 mPa-s. This shows that there is a viscosity reduction of approximately 98%. Jain & Pruden (1991) car-
ried out slurry hydrocracking experiments with petroleum coke (0.5 — 0.9 p) and FeSO,.H,0O at 440, 445 and
450 °C. They stated that the maximum conversion 88% achieved at 450 °C. Yang et al. (2020) prepared a
well-dispersed Fe-Ni-S catalyst in their work. In this study, carboxylate ligands were attached to active metal
salts and sulphation was performed. The Fe-Ni-S catalyst outperformed not only the monometallic nickel
catalyst but also the commercial molybdenum. The synthesized catalyst composition gave much better re-
sults than the commercial molybdenum and monometallic commercial catalyst. In this study, it has been
clearly seen that the presence of sulfur has a positive effect on heavy residue upgrading. Bhattacharyya et al.
(2011) used Fe,O3 and Al,O; mixture with a particle size distributed between 200 - 600 p; they claimed heat
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treatment and pre-sulfurization steps are not needed. Through X-ray diffractometers (XRD) results it has
been shown that at 410 °C, Fe,O3; completely turns into active form through reactions involving reaction by
product H,S and sulphur in the feed. Bin et al. (2019) obtained catalyst and they conducted VR to a slurry
phase hydrocracking reaction presence of presulfided oil-soluble MoS; catalyst at 100 bar H, pressure at 410
oC for 1 hour. After hydrocracking reactions, it was observed that the resin content decreased from 25.21
wit% to 3.54 wt% and the C7-asphaltene content was very close to zero from 6.82 wt%. In the reactions
where the catalyst was used, the yield of the liquid product increased from 75.03% by weight to 96.43% by
weight, while the coke production was 0.19% by weight and the gas yields were 3.38% by weight. These
values were significantly lower than the coke and gas values of 14.05% and 10.92% by weight, which were
the results of the reactions in which the catalyst was not used. Many different types of catalysts are used in
slurry phase reactions. Generally, we can classify them as solid supported catalysts and homogeneously dis-
persed catalysts. Dispersed catalysts are classified as fine powder catalysts that dissolve in water or oil, solu-
ble dispersed catalysts show higher catalytic activity than others. When the technologies on the petroleum
upgrading of the catalysts of the mountain were examined, it was seen that studies were carried out with the
combination of two-phase catalysts (Tareq et al., 2019).

In this study, elemental, molecular weight and saturates, aromatics, and resins and asphaltene (SARA) analy-
sis performed to determine main properties of the Heavy Iranian VR. In addition, Differential Scanning Cal-
orimetry (DSC) analysis is performed for catalyst catalysts to find out their thermal transitions and then
cracking reactions of vacuum residue of Iranian crude in a laboratory scale slurry hydrocracker by using
FeSO4.H,0, Fe,03, Al,O3, Cal, SiO, and S are investigated. Coke, gas and toluene soluble liquid part in
reactor effluent is measured after reactions of each catalyst. Catalysts with high overall conversion and low
coke production are determined.

2. Materials and Methods

2.1. Materials

For catalyst trials 99.5 % FeS0,.7H,0, 99 % Al,O; obtained from Merck; and >99 % Fe,O; purity, 98 %
CaO0 and 99 % SiO, obtained from Sigma — Aldrich, and >99.8 % elemental sulfur obtained from Turkish
Petroleum Refineries Corporation (TUPRAS) were used. For measuring amount of coke make, 99 % n-
heptane, >99.5 % carbon disulfide obtained from Merck and >99.7 % toluene obtained from Sigma- Aldrich
were used. For molecular weight determination 99 % tetrahydrofuran obtained from Merck was used.
Soxhlet extraction was done with 28x80 mm Macherey Nagel cellulose cartridges.

2.2. Methods

2.2.1. Resid Analysis

Iranian heavy VR was taken as the feedstock from TUPRAS for slurry phase hydrocracking reactions.
VR obtained when the vacuum distillation unit was processing 100 % Iranian Heavy crude originated
ASRFO and HVGO ASTM D1160 95 % cut was 550 °C. VR has specific gravity of 1045.0 Kg/m® (at 15 °C)
which corresponds to 3.9 APl (EN-1SO-3675).

Elemental analysis was performed by Thermo Finnigan Flash EA 1112 Series Elemental Analyzer. Helium
used as a carrier gas, 2 mg of sample analyzed by burning with oxygen at 1000 °C.

Molecular weight analysis is performed by Agilent 1200 series GPC. 300 x 7.5 mm sized mixed gel
Zorbax column is used, detector was refractive index. Tetrahydrofuran was used as solvent and carrier
phase. 20 p injections with 1 ml/min volumetric rate is used.

1H-NMR analysis were performed by Varian UNITY INOVA 500MHz NMR spectrometer. 0,5 ml chlo-
roform (CDCls) used as solvent for 5 mg IRHV sample. *H-NMR analysis is shown in Figure 1.
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SARA analysis was performed by dissolving IHVR with n-heptane; asphaltene part separated out, and
maltenes part was recollected by removing n-heptane from the filtrate. This portion separated into satu-
rates, aromatics, and resins parts according to the SARA protocol.

Elemental analysis, molecular weight analysis and SARA analysis results are given in Table 1.

2.2.2. Catalyst Analysis

In order to investigate IHVR and catalyst transformations over certain temperature ranges Mettler Toledo
822e Differential Scanning Calorimeter was used. DSC plots for VR obtained via placing sample to alumi-
num crucible, under N, atmosphere. Temperature was scanned between the range of -50 to +300 °C; ramp up
rate was 10 °C/min. Catalyst placed into porcelain crucibles and temperature was scanned between the range
of -100 to +670 °C. DSC analysis is shown in Figure 2.

2.2.3. Pre-treatment Phase

FeSO,.7H,0 was dried for an hour at 120 °C in an oven. Then, metal oxides and FeSO,.H,O were mixed
with 1:1 weight ratios and put into a Retsch PM 400 ball mill. After sufficient time passed (ca. 20 minutes)
mixtures sieved in an analytical sieve shaker (Retsch AS 450). After sieving 45 - 300 microns catalyst cata-
lysts stored in closed desiccators for use in the hydrocracking reactions. Elemental sulfur also put into a
Retsch PM 400 ball mill. Mixing ratios of the catalysts shown in Table 3.

2.2.4. Reactors

All hydrocracking reactions were performed in batch tubing bomb reactors (10 ml) that comprised of two
sections; upper part has a D-Pro high pressure needle valve connected with 1/4 inch stainless steel Swagelok
tube fittings. A metal ball with 9.5 mm diameter is placed into the reactor for stirring reaction mixture which
can provide 200 rpm stirring velocity.

2.2.5. Experimental Conditions

The reactors were typically loaded with 1.2 g of Iranian heavy oil resid and 0.05 grams of catalyst cata-
lysts initially purged 5 times with nitrogen and then with hydrogen. Then reactor loaded with hydrogen up to
100 bars and the shut-off valve was closed, and the reactor was plunged into a fluidized sand bath that had
been preheated to 425 °C.

After 90 minutes reaction time has elapsed, the reactor was removed from the sand bath and immediately
immersed into icy cold water in order to quench the reaction for 10 minutes. The reactor assembly had
cooled and equilibrated at room temperature for half an hour.

Reactor was weighted accurately, the gas yield was determined after the high pressure needle valve opened
and weighted again. Soxhlet extraction was performed with 28x80 mm cellulose cartridges with toluene.
Remaining solid part is regarded as coke plus catalyst and weighed. Toluene soluble part is calculated by
extracting weight of gas and solid part from initial weight of reactive mixture.

3. Results and Discussion

3.1. Resid Analysis Results

Iranian heavy VR (IRHV) elemental analysis, molecular weight analysis and SARA analysis results are
given in Table 1.
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Table 1
IRHV Analysis
Elemental Analysis —— ) H (%) S (%) N (%) 0 (%)
emental Analysis T = — — AL
' Mn (g/mol) Mw (g/mol)
GPC Analysis 797 o
SARA Analvsi Saturates (%) Aromatic (%) Resin (%) Asphaltene (%)
nalysis - 45 o b

As a result of the elemental analysis, the H/C ratio was found to be 1.38. The low H/C ratio confirms the
result that the percentage of aromatic structures revealed in the SARA analysis is high. A high H/C ratio
indicates the presence of long aliphatic chain compounds, while a low ratio indicates the presence of multi-
nucleated aromatic groups.

In this oil residue, the number average molecular weight is 767 g/mol and the weight average molecular
weight is 1601 g/mol. When we compare these results with the molecular weight (580 — 1010 g/mol) of the
crude oil found in the Southeastern region of Turkey, it is possible to say that this oil residue has heavier
structure.

Four fractions important for petroleum chemisty were obtained. These fractions (SARA) are saturated, aro-
matics, resin and asphaltene. The first three fractions were obtained from maltene. In the SARA analysis,
25% saturated, 45% aromatics, 17% resin and 13% asphaltene content were found.

Iranian heavy VR "H-NMR analysis area up to 1 ppm indicates 28,23 % methyl groups; area between 1 and
1,7 ppm % 50,80 methylene branching. This ratio is a sign of aliphatic chain branching attached to asphal-
tene honeycomb structure. Area between 1,7 and 1,9 ppm shows 8,95 % naphthenic rings; between 2,1 and
2,4 ppm 6,78 % a-methyl branching. 2,4 and 3,5 ppm point to CH, CH, methylene structures around aro-
matic ring. Area between 6 and 7 ppm specifies monocyclic structures attached with bridges. Between 7 and
8 ppm 2 and 3 ringed structures can be seen.

Iranian heavy VR 1H-NMR analysis is shown in Figure 1.

13 12 11 10 9 8 7 6 5 4 3 2 1 -0 ppm

Figure 1. '"H-NMR Analysis of IHVR
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3.2. Catalyst Analysis Results

Catalyst transformations on DSC analysis is shown in Figure 2.
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Figure 2. DSC Scans of FeSO4.H,O+Fe,O; mixture (a), FeSO,4.H,0+Al,0; mixture (b), FeSO4.H,O0+CaO
mixture (c) and FeSO,4.H,0+Si0O, Mixture (d)

When the DSC results of the catalyst mixtures are examined, it is seen that Fe,Os has a strong energy oscilla-
tion between 300 °C-500 °C, Al,O3 around 100 °C, CaO between 400-450 °C and SiO, between 600-700 °C.

3.3. Catalyst Performance Results

In Table 2, reactants mass and product percentages stated: initial mass of resid and catalyst mixture, H,
used, and weight percent of coke, gas and toluene soluble fraction (TSF) products.

Table 2
Products from VR slurry hydrocracking
Sample Catalyst Used Resid + H, mass Coke Gas TSF
number Catalyst Mass  (Q) (%) (%) (%)
(9
1 Without catalyst 1.17 0.14 35 38 27
2 FeSO,.H,0 1.22 0.12 25 49 26
3 FeSO,.H,0+Fe,04 1.33 0.13 20 56 24
4 FeS0,.H,0+Al,03 1.14 0.13 12 64 24
5 FeSO,.H,0+Ca0 1.15 0.14 23 51 26
6 FeS0O,.H,0+SiO, 1.15 0.13 10 65 25
7 Fe,05+ALO+S 1.24 0.14 23 57 20
8 Fe,05+ALO+S 1.17 0.13 20 61 19
9 Fe,05+AL03+Si0,+S 1.14 0.14 11 64 25
10 Fe,03+Al,05+S 1.15 0.13 26 46 28
11 Maltene+Fe,03+S 2.46 0.11 22 58 20
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The minimum coke production is achieved when FeSO,4.H,O+SiO, mixture is used as catalyst with 10 %
coke production. Product yields of slurry hydrocracking reactions are shown at Figure 3.

Table 3
Mixing ratios of the catalysts
Sample number Catalyst Used Resid (g) Catalyst (g)
1 Without Catalyst 1.17 -
2 FeS04.H,0 1.10 FeS0O,.H,0 : 0.055
3 FeSO,.H,0+Fe,0; 1.20 FeS0O,.H,0: 0.030 Fe,05 : 0.030
4 FeSO,.H,0+Al,0; 1.01 FeS0O,.H,0: 0.025 Al,O3 : 0.025
5 FeSO,.H,0+CaO 1.01 FeSO,.H,0: 0.025 CaO : 0.025
6 FeS0O,.H,0+Si0, 1.02 FeS0O,.H,0: 0.025 SiO, : 0.025
7 Fe,03+Al,03+S 1.10 Fe,03: 0.011 ; Al,O5:0.011 ; S : 0.0605
8 Fe,03+Al,03+S 1.04 Fe,0;:0.0104 ; Al,03:0.0104 ; S : 0.0624
9 Fe;03+Al,03+Si0,+S 1.00 Fe,05: 0,025 ; Al,03: 0.025; SiO, : 0.025 ; S : 0.025
10 Fe,03+Al,05+S 1.02 Fe,05: 0.0255 ; Al,O3: 0.0255 ; S : 0.0255
11 Maltene+Fe,05+S 1.20 Maltene : 1.035 ; Fe,03:0.2875S : 0.08625
70
60
50
40
30
20
10
0
1 2 3 4 5 6 7 8 9 10 11
Coke (%) Gas (%) TSF (%)

Figure 3. Product yields of slurry hydrocracking reactions

When the hydrocracking results of the catalyst mixtures are examined, it is seen tablethat the
FeSO4.H,O+SiO, mixture minimizes the coke ratio by 10%, followed by the Fe,O;+Al,O3+Si0O,+S and
FeSO4.H,O+Al,O3 mixtures with 11% and 12% respectively. These results, in addition to the emphasis on
iron-based catalyst; It reveals the reducing effect of SiO, on the formation of coke. Although minimum coke
production achieved with FeSO,.H,0+SiO,, middle distillate containing TSF was maximized with
Fe,05+Al,03+S and only 1 % higher comparing to conventional thermolysis.

Considering the fraction ratios soluble in toluene, Fe,O3;+Al,03+S mixture had the highest percentage with
28%, while the work without catalyst took the second place. Experiments revealed that at 100 bars initial H,
pressure TSF containing middle distillate part can be increased to maximum 28%. Catalyst that give the min-
imum coke also make the gas products maximum in expense of TSF.

When the gas+light products ratios are examined, it is seen that the catalyst mixtures FeSO4.H,0+SiO,,
Fe,O; + Al,O3 + SiO,+S and FeSO,4.H,O+Al,O3, which are catalyst mixtures that minimize the coke ratio,
are 65%, 64% and 64% respectively.

These results reveal that at the point where the coke formation is minimized, the selectivity shifts to the
gas+light products formation direction, not the liquid product formation.
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4. Conclusion

In this study, vacuum residue of crude oil was processed in a laboratory scale batch slurry reactor with
the aim of determining the most effective, easily prepared and cheap catalyst. FeSO4.H,0, the binary
mixtures of FeSO,.H,0 with metal oxides (Fe,O3, Al,O3, Ca0, SiO,) and the Fe,Os3, Al,O3 and SiO, with
elementary sulfur are tried as catalysts. Gases, liquid and solid part of product mixture were separated each
time and amounts of all products are calculated separately. According to the results, minimum coke
production is achieved by FeSO,.H,0+SiO, catalyst. Although minimum coke production achieved with
FeSO,4.H,0+SiO,, middle distillate containing TSF was maximized with Fe,03+Al,05+S. Coke is one of the
cheapest products in petroleum industry. In this study, the second aim was to identify the mixture which
maximizes middle distillate fraction but it has been revealed that these cheap catalysts affect mostly the coke
and gas yields. However, these results showed that SiO, also have a strong coke reducing effect.
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Received: 28.06.2021 (PM) processes. Project management maturity models (PMMM) are valuable methodologies to improve the project

management processes. In this context, this present paper seeks an answer to these questions: Which maturity levels

are aimed for an organization to make the sustainable PM sound? Which propositions are made based on the ob-

Published:  15.12.2021 tained maturity levels? This paper aims to propose a PMMM by analysing PM knowledge areas. In response to this
objective, nine dimensions and twenty seven maturity items are handled using of PM Solutions” PMMM. In order

Research Article to evaluate the maturity levels, Weighted Maturity Score Calculation Model (WMSC) approach based on survey
questionnaires of two experts is used first for the PM knowledge areas. Weighted average score of all maturity
items is obtained using Likert-scale and criteria weights are first calculated using Hesitant Fuzzy Analytical Hierar-
chy Process (HF-AHP). Practicality of these approaches is illustrated through a real data in a logistics organization.
As a result, computational results indicate that risk management dimension with the level 1,4 has the lowest rating
of all nine dimensions. The high maturity level 3,5 is observed in the quality management, as the maturity items in
this dimension such as Quality Plan Preparation and Quality Plan Employment can have a favourable impact on the
PM maturity. The findings reveal the effectiveness of the proposed method, which ensures practical and theoretical
insights for organizations to determine their current and expected sustainable project maturity levels.
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1. Introduction

PM requires the incorporating information, skill and methods into project processes (Ofori & Deffor,
2013). To improve PM’s efficiency, sustainability and PM should be integrated (Marcelino-Sadaba,
Gonzalez-Jaen & Pérez-Ezcurdia, 2015). Sustainable PM requires management of the projects being aware
of the environment and society impacts. In recent years, due to the transformation of classical PM systems,
modern performance measurement methods are handled in several sectors. Organizations use some
conceptual tools called project management maturity models (PMMM) to improve their project management
processes (Farrokh & Mansur, 2013). Maturity term is used to define a company’s ability in performing it’s
task and it is now more widely used for logical mapping, especially in the software industry (Crawford,
2007). PM maturity is also defined as the development of methodologies, strategies and decision-making
processes of the organizations. Although there is no main PMMM maturity model, researchers suggest two
models, process-oriented and work-oriented (Khalema, Van Waveren, & Chan, 2015). In this paper,
sustainability-oriented model is presented to guide the firm toward sustainability. A PM is defined as
sustainable involving company culture, human resource skills, using of resources, etc. (Tharp, 2012).
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Various PY maturity models are used based on some criteria (Nenni, Arnone, Boccardelli & Napolitano,
2014). Organizational Project Management Maturity Model (OPM3) developed by Project Management
Institute (PMI) offers a system that combines the project, program and portfolio management of institutions:
Information, Organizational strategy, People, Processes. OPM3 provides flexibility in terms of size of
institutions, complexity of projects and geography (PMI-OPM3, 2013). The Capability Maturity Model
(CMM) of Software Engineering Institute (SEI) is used by institutions dealing with software business.
Kerzner Project Management Maturity Model (K-PMMM) was developed in 2002. K-PMMM enables
institutions to reach maturity by using PMBOK guidelines (Kerzner, 2002). The Project, Program and
Portfolio Management Maturity Model (P3M3) is divided into three sub model (OGC, 2011): Portfolio
Management, Program Management, Project Management. The Maturity Increases Model in Controlled
Environments (MINCE) measures the adaptation of institutions to environmental and market changes and the
maturity of the organization, the skill levels of the personnel, the effectiveness of their projects, the ability to
adapt to change the organizational past lessons (Meisner, 2007). PM Solutions PMMM analyse the PM
knowledge areas and maturity levels depicted in Figure 1.

Level ) Level 2 Level 3 Level 4 Level 5
PM Initial Structured Organizational Managed Optimizing
Solutions Process Process Standards Process Process
Project Management and and
Maturity Model Standards Institutionalized
Process
Project
Integration
Management (5)
Scope SEl
Management (6)
S Maturity Levels

Management (5)

Cost
Management (5)

e PMI
Management (4] Knowledge
Project

Human Areas
Resource
Management (4)

Communications Each knowledge area is broken down into specific
Management (4) components. Specific components are used to measure
Risk maturity and develop action plans. The number of
Management (5) components assocated with each knowledge area is
Procurement presented parenthetically following the title of the

Management (4) knowledge area.

Figure 1. PMMM of PM solutions (PMI)

PMI knowledge areas are divided into nine groups:

Project integration management can be defined as the coordination of the all project management processes.
In addition, it is defined as the process starting with a project charter and ending with the project completion
(Wysocki, 2014). Scope management is defined as the process to identify all activities, processes and to
eliminate irrelevant areas (Heldman, 2018). Scope management includes a lot of activities such as require-
ment definitions, creating work breakdown structure (WBS). Time management controls the time on the
activities by a variety of skills and tools using CPM (Critical Path Method) and PERT (Programme Evalua-
tion and Review Technique). These methods are used to evaluate the time of the specific projects. Cost man-
agement ensures to complete the project between defined budget limits. Quality management involves the
sub stages such as quality planning, assurance and control stages. This management aims the quality re-
quirements defined for the projects. The aim of the human resource management ensures that people partici-
pate in the project at the highest rate. For this, first of all, necessary trainings are given to general managers,
owner / sponsor, project managers and project team. Project human resources management is an integration
of organizational planning, staffing, team development processes. The aim of this process is to ensure that
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the people of the project team work at the highest rate. Communications management ensures that the infor-
mation used in the project is optimal and important connections between the collected information and
people. Risk management identifies potential hazards and provides risk strategies. Risk definition, risk
measures, risk reactions and control stages are implemented and resources are provided for possible risk
events. Procurement management is the process of conducting resources, purchasing of goods and services
procurement planning, bid planning, contract management, contract completion activities. SEI maturity lev-
els depicted in the figure are not used to evaluate the knowledge areas in the present paper. The survey ques-
tionnaires are employed to analyse the maturity levels based on the Likert scale.

PMMMs have attracted attention by researchers and practitioners. However, PM knowledge areas, especially
sustainable metrics in this context, are not sufficiently studied. Hatamleh, Moynihan, Alzarrad & Batson
(2020) use PMMM using measurement tools to evaluate the capabilities in project management applications.
Measurements are obtained through interviews by experts. The results show that there is no difference be-
tween the contractor and the consultant in terms of maturity levels. Sanchez, Steria, Bonjour, Micaelli &
Monticolo (2020) proposes a framework for predicting the effects of the PMM model on the performance of
the project using Bayesian networks. The study aims to minimize the cost risks for large projects. Cooke-
Davies and Arzymanow (2003) measure the differences between applications based on measuring project
management maturity in different sectors. Interviews are held with project managers using qualitative meth-
ods. The most advanced maturity model is obtained in the Petrochemical and Defence sector. Gorog (2016)
offers a broad project management maturity assessment approach. The interactions of the three maturity lev-
els (single project, project program, organizational project governance structure) are investigated and the
development strategy is formulated. Caiado et al. (2021) present preliminary works, surveys, case studies,
and a maturity model using fuzzy approach and simulation, including design of maturity models. The pro-
posed model validated through a case study results the necessary actions to increase the maturity level. Back-
lund, Chronéer, & Sundqvist (2014) explores project management maturity and models to develop and im-
prove the project management practices of engineering and construction companies. Interviews are conduct-
ed with the project managers about the rate of use of maturity models. In the study, the application of the
model in a mining company is shown with a case study. Based on literature reviews on existing maturity
models, Tahri and Drissi-Kaitouni (2015) provide a maturity model to calculate PMM, in which sequential
and progressive models are followed. de Souza and Gomes (2015) conduct a bibliometric analysis of PMM
assessment models. Data analysis is performed using descriptive statistics. Lianying, Jing, & Xinxing (2012),
through the literature review, PRINCE2 (Projects in Controlled Environments) process method is developed.
This model uses a rating system, a survey, a spider web model. Pasian, Sankaran & Boydell (2012) examines
project management maturity and the limitations of related models. A two-step multi-method is supported by
a content / text analysis of two different maturity model collections. Obtained results suggest that assessing
the maturity of project management capabilities include adaptive variables such as client engagement, organ-
izational dynamics, and leadership. Brookes, Butler, Dey & Clark (2014) conducts an experimental study to
investigate the effects of PMMMSs on improving project performance using cross case analysis. A high de-
gree of variability in the individuals’ assessments of PMM is observed in the study. Nenni, Arnone, Boccar-
delli & Napolitano (2014) investigate the scope improvement in order to develop the PMMMS as business-
oriented frameworks. OPM3 is obtained as the most complete and effective maturity model. Lores, Nguyen,
Lydia, & Shankar, 2019 explore the different levels and models of PMM. The holistic and progressive ap-
proach that implements the project management maturity and strategy, organizational approach, methodolo-
gy and decision-making process, is defined on the basis of processes, tools and people, which are the 3 main
areas of project management. Fengyong and Renhui (2007) develop a new construction PMMM to evaluate
the construction projects. In addition, new evaluation techniques are investigated for the construction PMM.
Guangshe et al. (2008) evaluate the limitations and assessment of the PMM of OPM3. Jamaluddin, Chin &
Lee (2010) aims to evaluate the current state of adoption of the PMMM as a model conceptualization initia-
tive. An online survey is conducted to investigate the level of awareness and applications of the model. Irfan
et al. (2020) present a maturity model using Partial Least Squares Structural Equation Modeling (PLS-SEM).
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In the study, maturity levels and reputation are observed as linked terms. Also, some dimensions of PMMM
positively important on this reputation. Wijaksono, Pratami & Bay (2020) use the OPM3 to assess the ma-
turity levels. The risk management knowledge area is the focus of the study. The research is conducted using
a questionnaire. The results show that the maturity level of the company is at the lowest level. Bolat,
Kugdemir, Uslu, & Temur (2017) aim to provide a framework for measuring the maturity level and they
show how variable the PMM based on company characteristics conducting a case study involving 16 compa-
nies. The results reveal the relationship between problems arising in project management processes, compa-
ny structure and PM skills. de Souza Scotelano, da Conceigdo, da Costa Leonidio, & de Jesus (2017) discuss
the theoretical concepts related to project management, especially the concepts of measurement of its imple-
mentation. In addition, results of survey data conducted in an automotive industry through maturity research
are presented. This survey reveals the perceptions of employees in different fields regarding project maturity
in this organization. In addition, it reveals that the analysed organization is at the observed and calculated
levels, taking into account the average maturity level of the region and the country. Gasik (2019), State Pro-
ject Implementation System (GPIS) and State Project Management (GPM) concepts and State Project Man-
agement Maturity Model (GPM3) are defined. A GPM3 includes a GPIS / GPM maturity model consisting
of Beginner, Local, Management, Collaboration and Optimization levels. The study reveals the advantages
of introducing GPIS and GPM and using GPM3. Spalek (2015) provides a conceptual model for evaluating
PMM with literature review and interviews in his study. The model is based on four assessment areas such as
human resources, methods and tools, and environment, knowledge management. The proposed model can be
used to evaluate maturity levels in companies on a global scale and to conduct cross-comparative research.

In short, some researchers consider the various maturity models to calculate the maturity levels of the organ-
izations. However, few articles consider the influence of maturity models on project management knowledge
areas. In order to overcome this gap, a maturity calculation model is proposed in conjunction with the work
Schumacher, Erol, & Sihn 2016) firstly for a PM system. Furthermore, this paper is first to integrate the Lik-
ert scale for average score of the maturity items and HF-AHP for criteria weights to employ the maturity
calculation model. HF-AHP is preferred since two experts have hesitancy in linguistic assessments. Consid-
ering sustainable metrics to evaluate the maturity levels of the maturity items is also a contribution to achieve
the sustainability objectives. Thus, considering the above factors, some following research questions are
listed as follows.

. RQ1: Which maturity levels are aimed for an organization to make the sustainable PM sound
o RQ2: Which propositions are made based on the obtained maturity levels?

Thus, to respond to questions RQ1 and RQ2, detecting possible maturity levels based on the maturity
items and sustainability metrics is conducted using the proposed methods. Then, measures to increase the
maturity levels are proposed according to the obtained computational results. This paper utilizes a decision
support system, HF-AHP, in order to decide the dimension and item weights. Main contributions of this re-
search are provided in the following:

o WMSC model as a solution approach is presented first for the PM knowledge areas.

. PM knowledge areas are evaluated incorporating sustainability aspects.

. Impact of the Likert scale instead of the SEI levels on average scores of the maturity items is investi-
gated.

. HF-AHP is first used to calculate the dimension and item weights of PMMM.

. The maturity model has been implemented on real case data to guide the firms for their decision

making processes about the maturity levels.
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2. Materials and Methods

As mentioned in the above sections, developing a maturity model is vital to measure and evaluate the PM
capability and to improve the PM levels. PM Solutions” PMMM ensures this measurement to organizations
for calculating their ability. The proposed maturity model has the following characteristics: A survey based
on a short questionnaire, five levels from 1- “not implemented” to 5- “fully implemented, nine dimensions
named PM knowledge areas and twenty-seven items containing sustainability metrics. This survey was
applied with 27 questionnaires in the project office. These questionnaires were prepared based on the 27
maturity items. Two experts rated these questionnaires in a five point Likert scale.

In this paper, providing a decision support system (DSS) is aimed to cover the dimensions of a PM
knowledge area. This system can support project managers in their decisions how to conduct the PM
processes. In this context, DSS could be classified in two stages: determining the maturity model
components and maturity levels of PM knowledge area dimensions and items. Within first stage, a survey is
formed for each dimension and a HF-AHP approach is used for criteria weights. In the second stage, all
components obtained by the first stage are connected to the calculation of the maturity level, where all levels
of both dimensions and the maturity items are determined.

2.1. Research Steps

The proposed methodology steps are presented in Figure 2. Definitions of these steps are presented as
below:

(i) The articles are gone through in-depth. This stage embraced the analysing of existing PMMMs and
gaps in the area.

(if) Survey questionnaires aim to decide the scores of a set of dimensions and maturity items. A survey is
the set of questions replied by respondents related with the current project. The questionnaires intend to
measure PM knowledge area dimensions and its maturity items. Then, the dependent variable, average score
of all maturity items is measured. A five point Likert-Scale is conducted based on the experts’ evaluations.

(iii) HF-AHP implementation consisting of the decision makers’ hesitant decisions.istz!

(iv) A case study for a logistics firm and proposal of action plans for maturity improvement.
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ACTIVITIES
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STEP 1
In-depth evaluation Determination of Identifi » and
Literature of preliminary works| gaps selection of PMMMs
review
Identification and
of
dimensions and
maturity items
STEP 2 "
Survey Definition of PMMM Definition of PMMM Definition of PMMM
dimensions maturity items e trica
Rating of average
scores of maturity
items
STEP 3
Setting HFAHP Modeling HFAHP
HFAHP parameters system
STEP 4 '!__"h':“l’v"iﬂ"‘l‘:"“a""” of Evaluation of Proposing action
Pl Maturity levels
Case Study

Figure 2. The proposed methodology steps

Measuring and evaluation of the organization’s maturity is defined in three-stages: Measurement of
dimensions and maturity items, calculation of weighting factor and creating a maturity report using radar
chart. Dimensions and maturity items are presented in the Table 1. Each dimension are evaluated mainly
with sub maturity items. In this firm, these items are considered based on the sustainability.
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Table 1

Dimensions and maturity items for the project management maturity

Dimensions Maturity items Sustainability metrics
Integration Project Charter Organization environmental metrics
Management PM Plan Process assets
Project Control Performance reports
Scope Scope Definition Integration of the social and
Management Work Breakdown Structure environmental aspects into the scope
Scope Control Meeting the sustainability standards
Performance reports
Time Activity Definition Short term, long term oriented
Management activity definition

Cost Management

Quality Management

Human Resources
Management

Communication
Management

Risk Management

Procurement
Management

Activity Resource Determination

Schedule Control

Financial and Sustainability Targets
Budget Determination

Cost Control

Quality Plan Preparation

Quality Plan Employment
Quality Control

Human Resources Plan Preparation
Team Training

Team Management

Stakeholder Communication
Communication Plan Preparation
Information Sharing

Risk Definition

Risk Analysis Methods

Risk Measurements Planning

Procurement Plan Preparation
Supplier Determination

Procurement Contract Management

Schedule forecasts
Performance reports
Accountability and transparency

Balancing the economic  and

ecological budget distribution

Performance reports

Incorporating social aspects
Quality control measurements
Quality improvement methods
Human values and ethics
Responsibility assignment

Respect for human rights
Proactive Stakeholder Participation
Interpersonal and team skills
Timely and relevant information

Short term, long term oriented risk

definition

Reducing risk factors
Improving risk measurements
Knowledge transfer

Adding value for the suppliers

Accountability and transparency
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Determination of the maturity levels is conducted with the WMSC model developed by (Schumacher et al.,
2016). The maturity levels (Mp) of the dimensions are obtained with scoring maturity items (Mp;;) and the
weighting- factor (gpii). (M Maturity level, D Dimension, | item, g weighting factor, n number of maturity
item). The Equation (2.1) is presented in the following:

g
d Mp)i "9p;
M = 1=1

D

S 2.1
a 9pyi ¢

=1

The maturity items are measured based on the survey questionnaires. Each question is answered based on a
Likert-scale (1- “not implemented”, “2 — slightly implemented, 3 — moderately implemented, 4 — mostly
implemented”, “5- “fully implemented”). An example for the survey based on the scale is presented in the
Table 2. For project time management, activity definition and resource determination are moderately
implemented while schedule control is slightly implemented.

Table 2
An example for the survey to measure the dimensions and maturity items

Dimensions 1 2 3 4 5
and  maturity
items

Project Time X
Management

Activity X
Definition

Activity X
Resource

Determination

Schedule X
Control

In order to determine the weighting factor (gpi;), HF-AHP is employed. HF-AHP method, which is used to
decide the criteria weights, is an integrated approach including Hesitant Fuzzy Sets (HFS) and Hesitant
Fuzzy Linguistic Expression Sets (HF-LS) and F-AHP. The steps of this method are presented in the
following:

Step 1: Defining the set of linguistic terms D= [DO0, D1,..., Dn)

Step 2: Binary comparisons of dimensions with HF-LS.

Step 3: Generation of data envelops env[dij] including expressions of i, j dimensions.
Step 4: Tabulation of expressions with the corresponding triangular fuzzy number (TFN).
Step 5: Conversion of data envelopes env[dij] to data envelopes involving TFNs.

Step 6: Calculation of mean of TFNSs in the data envelopes.

Step 7: Geometric mean for each criterion | (Eq. 2.2)
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r=Qk di)"i=1.2,...n (2.2)

Step 8: Calculation of fuzzy weights for each criterion | (Eq. 2.3)

w; = 1;0(r,®r,®.. Q1) "1 = (lw;, mw;, uw;) (2.3)
lw;: lower weight of criteria i, mw;: medium weight of criteria i, uw;: upper weight of criteria i

Step 9: Clarification of the FNs with the area center method (Eg. 2.4) (Chou and Chang, 2008).

My = e (2.4)

Step 10: Normalization of the clarified numbers and calculation of each criterion weight (Eg. 2.5).

N; = i (2.5)

n .
i=1 Mi

3. Results and Discussion

Here, the results of the HF-AHP for the case study are obtained. The respondents presented similar rat-
ings. For a respondent, pairwise comparisons of dimensions are demonstrated in Table 3.

Step 1: Linguistic expression sets are defined.

S = {Equally Important [EQ], Weakly Important [WI], Strongly Important [SI], Very Strongly Important
[VSI], Absolutely Important [Al]}.

Step 2: In this stage, the pairwise comparisons belonging to two experts are presented in Table 3. Decision
makers have hesitancy in providing their preferences over dimensions. For example, Expert 1 decides the
integration management is more strongly important than scope management while the other expert provides
his preference as weakly important.

Table 3
An example of pairwise comparisons
Al VSI SI Wi Dimension EQ Dimension Wi SI VSI Al
v v Integration Scope Manage-
Management ment
v Scope Man- Time Manage-
agement ment
v v Time Manage- Cost  Manage-
ment ment
Cost Manage- Quality  Man- v
ment agement
v Quality Man- Human Re-
agement sources  Man-
agement
Human Re- Communication v v
sources  Man- Management
agement
v v Communication Risk ~ Manage-
Management ment
v Risk Manage- Procurement
ment Management
Procurement Cost Manage- v
Management ment
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Step 3: Generation of data envelopes including expressions for the dimensions is presented in Table 4. For
example, Expert 1 decides the integration management is more strongly important [SI] than scope manage-
ment while the other expert provides his preference as weakly important [WI].

Table 4

The envelope of linguistic terms for each i-j pair of criteria

Dimension Integra- Scope Time Cost Quiality Human Communica-  Risk Procure-
tion Man- Manage- Manage- Manage- Manage- Resources  tion Man-  Manage- ment
agement ment ment ment ment Manage- agement ment Manage-

ment ment

Integration  [EQ] [Wi, S1] [vsI] [vsI] [Vs]] [vsI] [VvsI] [vsI] [vsI]

Management

Scope - [EQ] [sn] [sn] [wi] [vsi] [sn] [vsi] [vsi]

Management

Time Man- - - [EQ] [wi,sI] - [wi, s1] [wi, s [wi] [wi,sI]

agement

Cost Man- - - - [EQ] - [(wi [wi] [(wi [(wi

agement

Quality - - [SI] [vsI] [EQ] [vsI] [wi] [VsL,SI] [vsI]

Management

Human - - - - - [EQ]

Resources

Management

Communica- - - - - - [SILVsSI] [EQ] [W1,SI] [(wi

tion  Man-

agement

Risk  Man- - - - - - [wi] - [EQ] [wi]

agement

Procurement - - - - - [(wi - - [EQ]

Management

Step 4: Determination of linguistic expressions and the corresponding TFNs is presented in Table 5.

Table 5

Expressions with corresponding TFNs

Linguistic terms TFEN Inverse TEN
Equally Important [EQ], (1,1,1) (1,1,1)
Weakly Important [WI] (2,3,4) (2/4, 1/3, 1/2)
Strongly Important [SI] (4,5, 6) (1/6, 1/5, 1/4)
Very Strongly Important [VSI] (6,7,8) (1/8, 1/7, 1/6)
Absolutely Important [Al]} (9,9,9 (1/9, 1/9, 1/9)

Step 5: Converting data envelopes to data envelopes involving triangular fuzzy numbers is presented in Ta-
ble 6. For example; comparing the dimensions “ Project integration management and scope manage-
ment”(Eq. 3.1)

env[dI-S] = [(2.000,3.000, 4.000)]; [(4.000,5.000, 6.000)] (3.1)
env[dS-1] = [(1/6.000), (1/5.000),(1/4.000)]; [(1/4.000),(1/3.000), (1/2.000)]
env[dS-1] = [(0.166,0.200, 0.250)] ; [(0.250,0.333, 0.50)]
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Table 6
The envelope of TFNs for each pair of criteria
Dimension Integration Scope Time Cost Quality Human Re-  Communi- Risk Procure-
Management Manage- Manage- Manage- Manage- sources Man- cation Manage- ment
ment ment ment ment agement Manage- ment Manage-
ment ment
Integration  [(1.000,1.000, [(2.000,3.00 [(6.000,7.00 [(6.000,7.00 [(6.000,7.00 [(6.000,7.000, [(6.000,7.000, [(6.000,7.00 [(6.000,7.00
Manage- 1.000)] 0, 4.000)] 0, 8.000)] 0, 8.000)] 0, 8.000)] 8.000)] 8.000)] 0, 8.000)] 0, 8.000)]
ment [(4.000,5.00
0, 6.000)]
Scope [(0.250,0.333, [(1.000,1.00 [(4.000,5.00 [(4.000,5.00 [(2.000,3.00 [(6.000,7.000, [(4.000,5.000, [(6.000,7.00 [(6.000,7.00
Manage- 0.50)] 0, 1.000)] 0, 6.000)] 0, 6.000)] 0, 4.000)] 8.000)] 6.000)] 0, 8.000)] 0, 8.000)]
ment [(0.166,0.200,
0.250)]
Time Man- [(0.125,0.142, [(0.166,0.20 [(1.000,1.00 [(2.000,3.00 [(0.166,0.20 [(2.000,3.000, [(2.000,3.000, [(2.000,3.00 [(2.000,3.00
agement 0.166)] 0, 0.250)] 0, 1.000)] 0, 4.000)] 0, 0.250)] 4.000)] 4.000)] 0, 4.000)] 0, 4.000)]
[(4.000,5.00 [(4.000,5.000, [(4.000,5.000, [(4.000,5.00
0, 6.000)] 6.000)] 6.000)] 0, 6.000)]
Cost Man- [(0.125,0.142, [(0.250,0.33 [(0.250,0.33 [(1.000,1.00 [(0.125,0.14 [(2.000,3.000, [(2.000,3.000, [(2.000,3.00 [(2.000,3.00
agement 0.166)] 3,0.500)] 3,0.500)] 0, 1.000)] 2,0.166)] 4.000)] 4.000)] 0, 4.000)] 0, 4.000)]
[(0.166,0.20 [(0.166,0.20
0, 0.250)] 0, 0.250)]
Quality [(0.125,0.142, [(0.250,0.33 [(4.000,5.00 [(6.000,7.00 [(1.000,1.00 [(6.000,7.000, [(2.000,3.000, [(4.000,5.00 [(6.000,7.00
Manage- 0.166)] 3,0.500)] 0, 6.000)] 0, 8.000)] 0, 1.000)] 8.000)] 4.000)] 0,6.000)] 0, 8.000)]
ment [(6.000,7.00
0, 8.000)]
Human [(0.125,0.142, [(0.125,0.14 [(0.250,0.33 [(0.250,0.33 [(0.125,0.14 [(1.000,1.000, [(0.166,0.200, [(0.250,0.33 [(0.250,0.33
Resources 0.166)] 2,0.166)] 3, 0.500)] 3,0.500)] 2,0.166)] 1.000)] 0.250)] 3,0.500)] 3,0.500)]
Manage- [(0.166,0.2 [(0.125,0.14
ment 00, 0.250)] 2,0.166)]
Communi-  [(0.125,0.142, [(0.166,0.20 [(0.250,0.33 [(0.250,0.33 [(0.250,0.33 [(4.000,5.000,6.00 [(1.000,1.000, [(2.000,3.00 [(2.000,3.00
cation 0.166)] 0, 0.250)] 3,0.500)] 3,0.500)] 3,0.500)] 0)] 1.000)] 0, 4.000)] 0, 4.000)]
Manage- [(0.166,0.20 [(6.000,7.000, [(4.000,5.00
ment 0, 0.250)] 8.000)] 0, 6.000)]
Risk  Man- [(0.125,0.142, [(0.125,0.14 [(0.166,0.20 [(0.250,0.33 [(0.166,0.20 [(2.000,3.000, [(0.250,0.333, [(1.000,1.00 [(2.000,3.00
agement 0.166)] 2,0.166)] 0, 0.250)] 3,0.500)] 0, 0.250)] 4.000)] 0.500)] 0, 1.000)] 0, 4.000)]
[(0.125,0.14 [(0.166,0.200,
2,0.166)] 0.250)]
Procurement [(0.125,0.142, [(0.125,0.14 [(0.250,0.33 [(0.250,0.33 [(0.125,0.14 [(2.000,3.000, [(0.250,0.333, [(0.250,0.33 [(1.000,1.00
Manage- 0.166)] 2,0.166)] 3,0.500)] 3,0.500)] 2,0.166)] 4.000)] 0.500)] 3,0.500)] 0, 1.000)]
ment [(0.166,0.20
0, 0.250)]

Step 6: Calculation of the mean of the TFNs in the data envelopes is shown in Table 7. For the comparing
the time/communication management; (Eq. 3.2)

Time [(2.000,3.000, 4.000)]; Communication[(4.000,5.000, 6.000)]

Arithmetic averaged result = [(2.000+4.000)/2,(3.000+5.000)/2,( 4.000+6.000)/2)]
= [(3.000,4.000, 5.000)]
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Table 7
Arithmetic averaged fuzzy pair wise comparisons of each i-j criteria
Dimension Integra- Scope Time Cost Quality Human Communica- Risk Procure-
tion Manage- Manage- Manage- Manage- Resources tion Manage- Manage- ment
Manage- ment ment ment ment Manage- ment ment Manage-
ment ment ment
Integration [(1.000,1.0 [(3.000,4.0 [(6.000,7.0 [(6.000,7.0 [(6.000,7.0 [(6.000,7.000 [(6.000,7.000, [(6.000,7.0  [(6.000,7.
Manage- 00, 1.000)] 00,5.000)] 00,8.000)] 00,8.000)] 00,8.000)] ,8.000)] 8.000)] 00, 8.000)] 000,
ment 8.000)]
Scope [(0.208,0.2 [(1.000,1.0 [(4.000,5.0 [(4.000,5.0 [(2.000,3.0 [(6.000,7.000 [(4.000,5.000, [(6.000,7.0  [(6.000,7.
Manage- 66,0.375)] 00, 1.000)] 00,6.000)] 00,6.000)] 00,4.000)] ,8.000)] 6.000)] 00, 8.000)] 000,
ment 8.000)]
Time Man- [(0.125,0.1 [(0.166,0.2 [(1.000,1.0 [(3.000,4.0 [(0.166,0.2 [(3.000,4.000 [(3.000,4.000, [(2.000,3.0 [(3.000,4.
agement 42,0.166)] 00,0.250)] 00,1.000)] 00,5.000)] 00,0.250)] ,5.000)] 5.000)] 00, 4.000)] 000,
5.000)]
Cost Man- [(0.125,0.1 [(0.208,0.2 [(0.208,0.2 [(1.000,1.0 [(0.125,0.1 [(2.000,3.000 [(2.000,3.000, [(2.000,3.0 [(2.000,3.
agement 42,0.166)] 66,0.375)] 66,0.375)] 00,1.000)] 42,0.166)] ,4.000)] 4.000)] 00, 4.000)] 000,
4.000)]
Quality [(0.125,0.1  [(0.250,0.3 [(4.000,5.0 [(6.000,7.0 [(1.000,1.0 [(6.000,7.000  [(2.000,3.000, [(5.000,6.0 [(6.000,7.
Manage- 42,0.166)] 33,0.500)] 00, 6.000)] 00,8.000)] 00,1.000)] ,8.000)] 4.000)] 00,7.000)] 000,
ment 8.000)]
Human [(0.125,0.1 [(0.125,0.1 [(0.208,0.2 [(0.250,0.3 [(0.125,0.1 [(1.000,1.000 [(0.145,0.171, [(0.250,0.3  [(0.250,0.
Resources 42,0.166)] 42,0.166)] 66,0.375)] 33,0.500)] 42,0.166)] ,1.000)] 0.208)] 33,0.500)] 333,
Manage- 0.500)]
ment
Communi- [(0.125,0.1 [(0.166,0.2 [(0.208,0.2 [(0.250,0.3 [(0.250,0.3 [(5.000,6.000 [(1.000,1.000, [(3.000,4.0 [(2.000,3.
cation 42,0.166)] 00,0.250)] 66,0.375)] 33,0.500)] 33,0.500)] ,7.000)] 1.000)] 00, 5.000)] 000,
Manage- 4.000)]
ment
Risk Man- [(0.125,0.1 [(0.125,0.1 [(0.166,0.2 [(0.250,0.3 [(0.145,0.1 [(2.000,3.000 [(0.208,0.266, [(1.000,1.0 [(2.000,3.
agement 42,0.166)] 42,0.166)] 00,0.250)] 33,0.500)] 71,0.208)] , 4.000)] 0.375)] 00, 1.000)] 000,
4.000)]
Procurement  [(0.125,0.1 [(0.125,0.1 [(0.208,0.2 [(0.250,0.3 [(0.125,0.1 [(2.000,3.000 [(0.250,0.333, [(0.250,0.3  [(1.000,1.
Manage- 42,0.166)] 42,0.166)] 66,0.375)] 33,0.500)] 42,0.166)] , 4.000)] 0.500)] 33,0.500)] 000,
ment 1.000)]

Step 7: Geometric mean for each criterion i is shown in Table 8. For example, geometric mean of dimension
(integration) is calculated: (Eq. 3.3)

ri= [(1.000 = 3.000 * 6.000 * 6.000 * 6.000 * 6.000 * 6.000 * 6.000 * 6.000)3; (1.000 * 4.000 = 7.000 *
7.000 * 7.000 * 7.000 * 7.000 * 7.000 * 7.000)%; (1.000 * 5.000 * 8.000 = 8.000 * 8.000 * 8.000 *

8.000 * 8.000 * 8.000)3] (3.3)
r;=[4.552; 5.299; 6.026]

Table 8

Geometric means of fuzzy comparison values

Dimension I

Integration Management 4.552 5.299 6.026
Scope Management 2.794 3.190 3,560
Time Management 0.937 1.178 1.436
Cost Management 0.605 0.787 0.999
Quality Management 1.863 2.247 2.680
Human Resources Man- 0.213 0.257 0.329
agement

Communication Manage- 0.586 0.732 0.935
ment

Risk Management 0.350 0.434 0.546
Procurement Management  0.286 0.353 0.456
Total 12.186 14.477 16.967
Reverse 0.082 0.069 0.059
Increasing order 0.059 0.069 0.082
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Step 8: Calculation of fuzzy weights using Equation 1 for each criterion i is presented in Table 9. For exam-
ple, fuzzy weight of the integration management (i) is calculated as follows (Eqg. 3.4):

w; = [(4.552 * 0.059); (5.299 * 0.069); (6.026 * 0.082)] (3.4)
w; = [0.269; 0.366; 0.494]

Table 9

Fuzzy weights of each criterion

Dimension w;

Integration Management 0.269 0.366 0.494
Scope Management 0.165 0.220 0.292
Time Management 0.055 0.081 0.118
Cost Management 0.036 0.054 0.082
Quality Management 0.110 0.155 0.220
Human Resources Man- 0.013 0.018 0.027
agement

Communication Manage- 0.035 0.051 0.077
ment

Risk Management 0.021 0.030 0.045
Procurement Management ~ 0.017 0.024 0.037

Step 9: Clarification of the fuzzy numbers with the area center method is presented in Table 10. For example,
clarification of the integration management (i) is calculated as follows (Eq. 3.5):

0.269+0.366+0.494
M; = - =0.376 (3.5)

Step 10: Normalization of the clarified numbers and calculation of each criterion weight are presented in
Table 10. For example, normalization of the integration management (i) is calculated as follows (Eq. 3.6):

_ 0376 _

i = Toz7 - 0.362 (3.6)
Table 10
De-fuzzified (Mi) and normalized (Ni) relative weights of criteria
Dimension Mi Ni
Integration Management 0.376 0.362
Scope Management 0.226 0.218
Time Management 0.085 0.082
Cost Management 0.057 0.055
Quality Management 0.162 0.156
Human Resources Management 0.019 0.018
Communication Management 0.054 0.052
Risk Management 0.032 0.030
Procurement Management 0.026 0.025

All weights of all dimensions, maturity items are demonstrated in Table 11. Weights of the maturity items
are also obtained as the calculation of the dimensions’ weights. The demonstration of the item weights’ cal-
culation is not presented due to the same steps of the dimensions. Total weights are obtained as multiplying
the dimensions’ weight and item weights.
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Table 11

Item and total weights

Dimensions Maturity items Item weights Total weights
Integration Man- Project Charter (0.255) (0.092)
agement (0.362)  Project Management Plan (0.217) (0.079)
Project Control (0.205) (0.074)
Scope Manage- Scope Definition (0.210) (0.046)
ment (0.218) Work Breakdown Structure (0.172) (0.037)
Scope Control (0.160) (0.035)
Time Manage- Activity Definition (0.180) (0.015)
ment (0.082) Activity Resource Determina- (0.090) (0.007)
tion (0.154) (0.012)
Schedule Control
Cost Manage- Financial and Sustainability (0.047) (0.003)
ment (0.055) Targets (0.119) (0.007)
Budget Determination (0.034) (0.002)
Cost Control
Quality  Man- Quality Plan Preparation (0.097) (0.015)
agement (0.156)  Quality Plan Employment (0.128) (0.020)
Quality Control (0.235) (0.037)
Human Re- Human Resources Plan Prepa- (0.069) (0.001)
sources Man- ration (0.214) (0.004)
agement (0.018)  Project Team Training (0.105) (0.002)
Project Team Management
Communication  Stakeholder Communication (0.043) (0.002)
Management Communication Plan Prepara- (0.102) (0.005)
(0.052) tion (0.113) (0.006)
Information Sharing
Risk  Manage- Risk Definition (0.045) (0.001)
ment (0.030) Risk Analysis Methods (0.114) (0.003)
Risk Measurements Planning  (0.103) (0.003)
Procurement Procurement Plan Preparation  (0.056) (0.001)
Management Supplier Determination (0.099) (0.002)
(0.025) Procurement Contract Man- (0.119) (0.003)

agement

As a result, maturity levels determined by the combination of score of maturity items and weights are calcu-
lated. Table 12 summarizes these dependent parameters of the maturity level formulation. Quality manage-
ment has the highest maturity level while risk management level is the lowest.
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Table 12

Maturity levels of dimensions and maturity items

Dimensions / Mp Maturity items Mpi Opii
Integration Management 3.3 Project Charter 3 (0.255)
Project Management Plan 3 (0.217)
Project Control 4 (0.205)
Scope Management 24 Scope Definition 3 (0.210)
Work Breakdown Structure 2 (0.172)
Scope Control 2 (0.160)
Time Management 2.4 Activity Definition 3 (0.180)
Activity Resource Determination 2 (0.090)
Schedule Control 2 (0.154)
Cost Management 1.6 Financial and Sustainability Targets 1 (0.047)
Budget Determination 2 (0.119)
Cost Control 1 (0.034)
Quality Management 35 Quality Plan Preparation 4 (0.097)
Quality Plan Employment 4 (0.128)
Quality Control 3 (0.235)
Human Resources Man- 18 Human Resources Plan Preparation 1 (0.069)
agement Project Team Training 2 (0.214)
Project Team Management 2 (0.105)
Communication ~ Man- 2 Stakeholder Communication 2 (0.043)
agement Communication Plan Preparation 2 (0.102)
Information Sharing 2 (0.113)
Risk Management 14 Risk Definition 1 (0.045)
Risk Analysis Methods 2 (0.114)
Risk Measurements Planning 1 (0.103)
Procurement  Manage- 2.3 Procurement Plan Preparation 1 (0.056)
ment Supplier Determination 2 (0.099)
Procurement Contract Management 3 (0.119)

After the calculation process, a visual graph named radar chart is performed to depict the maturity levels.
This ensures an analysis of different dimensions in the same environment and comparing them. Analysing
the results on the chart in Figure 3, it can be observed that quality management has the higher maturity level.
Cost, human resources, risk and procurement management dimensions have the lower maturity levels. Ac-
cordingly, the necessary improvements should be employed on these low levels.
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Integration
Management

Management

Figure 3. A radar chart for the dimensions

A radar chart is also depicted to show the maturity levels of the maturity items. The results on the chart in
Figure 4 provide that project control under the dimension integration management and scope definition under
the dimension scope management have the higher maturity levels. Project management plan and scope con-
trol items have the lower maturity levels. Accordingly, the measures should be taken on these low levels.

Project Scope
Charter Definition
3 2
. Project Work
Project jec Scope
Manageme Breakdown
Control Control
nt Plan Structure

Figure 4. Radar charts for the maturity items

3.1. Sustainability Action plans

Considering the results and findings presented in previous section, recommendations are presented as an
action plan in Table 13.
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Table 13
Action plans for each dimension/maturity items

Action 1 Project integration management
Action 1.1. Sustainability in project integration management integrating economical, environmental and so-
cial metrics
Action 1.2. Inclusion of sustainability aims with the Project Charter
Action 1.3. Developing an economically viable, environmentally sound and socially responsible project
management plan
Action 2 Scope management
Action 2.1. Incorporating of initiatives for the sustainability issues
Action 2.2. Inclusion of the organizational culture, structure, value
Action 3 Time management
Action 3.1. Actively managing the expectations of project team members to develop schedule
Action 3.2. Estimating schedule activity durations regarding conditions of work, health and safety of project
team members
Action 4 Cost management
Action 4.1. Analysing of the balance between cost and benefits
Action 4.2. Higher priority to financial budget for sustainability metrics
Action 4.3. Allocation of financial resources for improving the project maturity
Action 4.4. Comprehensive cost analysis of environmental impacts
Action 5 Quality management
Action 5.1. Training on quality
Action 5.2. Incorporating sustainability considerations into company quality standards
Action 5.3. Building a firm culture that emphasizes sustainable quality management
Action 6 Human resource management
Action 6.1. Knowledge sharing to provide optimal communication for project team members
Action 6.2. A professional training program on the current project processes
Action 6.3. Improving the organizational learning
Action 6.4. Selection staff positions based on the required skills and experience
Action 6.5. Sufficient income for project team workers
Action 7 Communications management
Action 7.1. Constant feedback to customers
Action 7.2. Constant information to project managers about project status
Action 7.3. Constant communication between internal and external customers
Action 7.4. Development of internal communications through brainstorming, focus groups
Action 7.5. Wider impacts are considered such as social responsibility, global networks
Action 7.6. Improving digital communication
Action 8 Risk management
Action 8.1. Development of risk responses and monitoring risks
Action 8.2. Using a risk breakdown structure
Action 8.3. Focusing on important tasks
Action 8.4. Defining risks arising from environmental and social problems regarding previous projects
Action 9 Procurement management
Action 9.1. Development of rigorous procurement protocols
Action 9.2. Selection of suppliers including sustainability criteria
Action 9.3. Providing transparent contracts

4, Conclusion

In recent years, self-evaluation systems of the organizations have been attracted considerable attention.
Maturity models are vital importance for the decision makers to measure the abilities. PMMM are important
to decide whether or not the project managers take into account the improvement. PM area has great poten-
tial to outline how processes are designed based on the maturity aims. The weighted maturity score calcula-
tion can be used to evaluate the maturity levels, to improve the PM abilities. The present paper ensures a
scientific view using the HF-AHP to decide the weights of maturity model and a practical view conducting
implementation of the tool to a real organization. This research is first attempt to propose a PMMM, consid-
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ering a series of dimensions and maturity items and sustainability metrics for a logistics firm. WMSC model
is also used first for the PM knowledge areas. Impact of the Likert scale on the maturity items is investigated
and HF-AHP is first used to calculate the dimension and item weights of PMMM. The proposed maturity
model ensures to analyse its current and expected levels and to develop action plans. The limitation of the
study is that the data is obtained by an organization therefore, they cannot be generalized. For future studies,
an expert system should be developed to ensure real time, dynamic solutions for maturity gaps. Focusing on
social and cultural aspects of maturity items could be evaluated by the researchers. For future works, scenar-
i0- based stochastic programming modelling and other decision making methods are recommended.
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Abstract — This investigation presents a theoretical evaluation of the use R450A replace to R134a in the low and
medium temperature heat pump systems. The energy, exergy, environmental and enviro-economic analyzes of heat
pumps have been performed for two refrigerants (R134a and its alternative R450A). The thermodynamic and
environmental analyses have been made for two heat source temperatures (10 °C and 20 °C) and six heat sink
temperatures (from 30 °C to 55 °C). It has been observed that R450A's mass flow rate is lower than R134a. Because
the density of R450A in the heat pump suction line is lower than R134a. Although the heating capacity of R134a is
more than R450A, the reason why R134a has a similar COP value with R450A is that R450A's compressor energy
consumption is lower than R134a. Exergy destruction occurred mostly in the compressor under all operating condi-
tions for both refrigerants. At low heat sink temperatures, minimum exergy destruction occurs in the expansion
valve, as the minimum exergy destruction occurs in the evaporator at high heat sink temperatures. The exergy
results show that R450A behaves similarly to R134a. In conclusion, as alternative refrigerant R450A can be used in
heat pumps replace to R134a according to energy, exergy, environmental and environmental-economic analysis
results.

Keywords — Climate change, energy and exergy, global warming, heat pump, new generating refrigerants

1. Introduction

Heat pump is known as an effective method to generate high-temperature heat energy. Heat pump absorbs
heat from many sources such as air, soil and industrial waste and it supplies hot water (Jiang et al., 2021;
Mateu-Royo et al., 2021). The raising of heat pump output temperature affects the usage areas of the heat
pump system. Therefore, a heat pump is replacing a conventional building or industrial boilers (coal and oil
burning boiler, flammable gas boiler, electrical heater, and so on) (Zhang et al., 2016).The schematic of air
and ground (geothermal) source heat pump for low and medium temperature warming applications is seen in

Figure 1.
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Figure 1. Schematic of the air and ground (geothermal) source heat pump system for low and medium tem-
perature heating applications

The refrigerants used in heat pumps and operating temperatures significantly affect the efficiency (COP) of
heat pumps. For this reason, it is significant to choose suitable refrigerants to achieve high efficiency under
desired operating conditions (Yang et al., 2021). Calm has examined the development of refrigerants since
1830 in four categories (Figure 2). The refrigerants used in vapor compression systems reason environmental
pollution, depleting the ozone layer and cause global warming. Many legal regulations have been made to
diminish the effect of refrigerants on the environment. In addition, with Montreal Protocol’s Kigali Amend-
ment on January 1, 2019, coming into force, strict requirements have been imposed for refrigerants. For ex-
ample, HFCs (Hydrofluorocarbons) have been included in organized schedules (Arora et al., 2018; Calm,
2008; Ciconkov, 2018; Heredia-Aricapa et al., 2020; Yang et al., 2021). These days, researchers have been
seeking alternative refrigerants which have low global warming potential (GWP) and zero ozone depletion
potential (ODP) to deal with global warming.

1st generation 3 rd generation

(1990 - 2010)

4 th generation
(1990 - 2010)

2nd generation
(1931 - 1990)

Low GWP zero/low
ODP, high
efficiency, non-
flammable, HFOs,
HFOs/HFCs.

Protection of ozone,
HCFCs, HFCs,
NH;, H»0, HCs,

COg, ete.

Safe, durability,
CFCs, HCFCs,
HFCs, NH3, H20,
etc.

Figure 2. Progression of refrigerants development since 1830 (Calm, 2008)

R1234yf and R1234ze refrigerants in the hydrofluorofins (HFOs) group are the first synthetic refrigerants
with a low GWP rate developed to replace R134a. R1234yf and R1234ze have low GWP (smaller than 1)
and low flammability. The advantages and disadvantages of these fluids were examined in a lot of theoretical
and experimental studies. R1234yf does not enhance the cooling capacity and modifications are necessary to
use R1234ze (Yildirim & Yildiz, 2020a, 2020b; Zilio et al., 2011). HFC/HFO mixtures can eliminate some
disadvantages of pure HFOs and improve their thermal properties. Recently, new generation refrigerants
with low GWP refrigerants made of HFC/HFO binary mixture have been improved (R513A and R450A).
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R513A refrigerant made from mixing R134a/R1234yf binary mixture at a ratio of 44/56 percent by mass.
The ODP of R513A refrigerant is zero and its GWP ratio is half that of R134a refrigerant. R450A refrigerant
is another low GWP refrigerant mixture that can be used in place of R134a. R450A refrigerant consists of a
combination of R1234ze (E)/R134a with a ratio of 58/42 percent by mass. Its global warming potential is
547. Similar to R134a, R513A and R450A refrigerants are non-toxic and non-flammable fluids and classified
as non-flammable and non- toxic fluids (A1) by ASHRAE (Llopis et al., 2017; Velasco et al., 2021).

There are many studies within the literature on the utilization of HFC, HFO and HFC/ HFO binary mixtures
in vapor compression systems. Llopis et al. (2017) experimentally examined 450A and R513A refrigerant as
an alternative to R507A and R134a in a cooling system. They evaluated their experimental results concern-
ing the system's compressor power consumption of 24 hours. They point out that the compressor consump-
tion of R513A and R450A refrigerants is slightly above R134a, but they're directly effective in decrease
greenhouse emission emissions. Devecioglu & Orug, (2018) theoretically investigated the energy perfor-
mances of R1234ze, R1234yf, R445A, R513A and R450A refrigerants, which are alternative to R134a re-
frigerant, which have low GWP values. For the energy and exergy analysis of refrigerants, they used three
different vapor compression cycles: simple refrigeration cycle, simple refrigeration cycle has internal heat
exchanger, and two-stage cascade refrigeration cycle. They explained that the COP value of R450A refriger-
ant is extremely almost like R134a refrigerant and R450A's GWP value is 58% less than R134a. The high-
est COP value for all operating conditions and refrigerants was seen in the simple refrigeration cycle with an
internal heat exchanger. The highest exergy efficiency for all three refrigeration cycles has been achieved
when using the R445A refrigerant. Gatari¢ & Lorbek (2021) have experimentally studied that using R450A
as an alternative to R134a in a household heat pump tumble dryer. They explained that R450A can be used
as a good alternative to R134a in heat pump tumble dryers. Gill et al., (2019) experimentally investigated the
exergy analysis of vapor compression refrigeration system for R134a and R450A. They stated that the exer-
gy destruction rate and exergy efficiency of the vapor compression system using R450A refrigerant was ap-
proximately 15.25% to 27.32% lower and 10.07% to 130.93% higher than R134a, respectively.

As seen in the literature studies given above, R450A refrigerant can be used instead of R134a. In addition,
R450A significantly reduces the global warming potential. However, it has been observed that the studies in
the literature generally focus on the energetic and exergetic analysis of the cooling system. There is no com-
prehensive study of the potential of these refrigerants for use in medium or high-temperature heat pump sys-
tems. In this paper, the use of R450A instead of R134a in low and medium-temperature heat pump systems
was evaluated. The energy, exergy, environmental and enviro-economic analyzes of heat pump have been
performed for R134a and its alternative R450A.

2. Materials and Methods

The single-stage heat pump system given in Figure 3 was used to evaluate the performance of R134a and
R450A. While making theoretical calculations, some assumptions are made that can be applied to all
refrigerants. Some of the assumptions made in this investigation are given in Table 1. The main properties of
R134a and R450A are presented in Table 2.
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Figure 3. The schematic view of the heat pump

Table 1

Assumptions made for theoretical analysis

Heat sink temperature (Theatsink) 30-55°C
Heat source temperature (Theatsource) 10 and 20 °C
Superheat temperature (ATsyperheat) 5°C
Subcooling temperature (AT suscooling) 5°C

The temperature difference between heat sink and condenser (AT peqt sink) 10°C

The temperature difference between heat source and evaporator (ATheasource) 10 °C
Compressor isentropic efficiency (n) 0.80
Compressor sweep volume 26.11 cm®/rev
Table 2

The properties of R134a and R450A (Kumas & Akyiiz, 2020)

Refrigerants R134a R450A

Composition Pure R134a/R1234ze (E) (42/58 in mass)

GWP 1300 547

ODP 0 0

Critical temperature (°C) 101.10  104.47

Critical pressure (kPa) 4059.30 3814.00

Boiling temperature (°C) -24.60  -23.36

Liquid density (kg/m?)* 1295.30 1253.28

Vapor density (kg/m®)* 1435  13.93

Liquid ¢, (kd/kg K)* 1.34 1.32

Vapor c, (kJ/kg K)* 0.89 0.90

*at 0 °C
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2.1. Thermodynamics Analyses

2.1.1. Energy Analysis

Energy analysis of the heat pump system has been performed in accordance with to the first law of
thermodynamics. The necessary equations for the energy analysis of the heat pump system (Figure 3) are
given below (Cengel & Boles M. A., 2008; Chiasson, 2016; Dincer & Kanoglu, 2010):

The theoretical mass flow rate of refrigerant (m.f) (kg/s) is calculated by Equation 2.1.

Myef = Psuction Vref (2.1)
Psuction iNdicates the refrigerant suction line density (kg/m®), and V., indicates the refrigerant volume
flow rate (m%/kg).

In the heat pump cycle, s; and s, indicate the specific entropy (kJ/kg K) value at the compressor inlet and
outlet, respectively. Therefore, within the case of isentropic compression, s; and s, is equal (Equation
2.2).

S1 = Szs (2.2)

The ideal compressor energy consumption (Wcompressor,ideal) and the actual compressor energy con-
sumption (Wcompressor,actual) can be calculated with Equation 2.3 and Equation 2.4.

V'Vcompressor,ideal = rhref(th - hl) (2-3)
Wcompressor,actual = rilref (hZ - hl) (2-4)
Here, h; indicates the specific enthalpy (kJ/kg) value of the refrigerant at the compressor inlet, h, indicates
the specific enthalpy value (kJ/kg) at the compressor outlet as a result of isentropic compression. The specif-

ic enthalpy (kJ/kg) value (h,) at the compressor output in the actual heat pump cycle can be calculated with
Equation 2.5.

hy, =h, + @ (2.5)

n indicates the compressor's isentropic efficiency. In the heat pump cycle, the heat released from the conden-
ser (Qeondenser) @nd the heat is taken from the evaporator (Qevaporator) can be calculated with Equation 2.6
and Equation 2.7.

Qcondenser = Myer (hy — h3) (2.6)
Qevaporator = Myer (hy — hy) (2.7)

The refrigerant's enthalpy value at the inlet and outlet of the expansion valve is that the same. Since, there is
no work and heat inlet and outlet within the expansion valve (Equation 2.8).

h3 = h4_ (28)

hs and h, show the enthalpy value (kJ/kg) at the in and out of expansion valve, respectively. The heating
COP (coefficient of performance) can be calculated with Equation 2.9.
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COP = - Qcondenser _hz—h3 (29)

Wcompressor,actual hy—hy

2.1.2. Exergy Analysis

Exergy analysis of the heat pump system has been performed in accordance with to the second law of
thermodynamics. The general exergy balance equation for steady flow and control volumes is given in
Equation 2.10. In Equation 2.10, Ex4 indicates exergy destruction rate.

xg = % (1-22) Q = Win + Zip nie — Toenie (210)

The specific exergy (ei) equation in which kinetic and potential energies are neglected is given in Equation
2.11.

ej = (hj —hg) — To(si — so) (2.11)
ho and sy show the specific enthalpy value and specific entropy value of the dead-state point, respectively.
Equations (2.12-2.19) required to calculate the exergy destruction rate and exergy efficiency for every com-

ponent of the heat pump are dedicated below (Cengel & Boles M. A., 2008; Chiasson, 2016; Dincer &
Kanoglu, 2010):

Compressor:
EXd,compressor = EXd,l—Z = V.Vcompressor,actual - rhref [hZ - hl - TO(SZ - 51)] (2-12)
Exd, mpr r

Nex,compressor = 1- W (2.13)

Condenser:

. . . . T

EXd,condenser = EXd,Z—S = Myer [hz - h3 - TO(SZ - 53)] — Qcondenser (1 - ﬁ) (2-14)
Ex condenser

Nex,condenser = 1 — lizldlxz—(:'ixg, (2.15)

Expansion valve:

EXd,AXV = EXd,3—4 = Myer [hy —hy — To(s3 —54)] (2.16)

1 _ EXg,axv

nex,AXV =1 Ex3—Ex4 (2-17)

Evaporator:

. . . . T

EXd,evaporator = EXd,4—1 = Myef [h4 - hl - Ty (54 - S1)] - [_Qevaporator (1 - T_z)] (2-18)
EXn:l,eva orator

Nex,evaporatér = 1- EX4_pEX1t (2.19)
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After calculating the exergy destruction of components of the heat pump, the global exergy destruction
rate (Exd,sistem) and the exergy efficiency (ex sistem) Of the heat pump can be calculated with Equation 2.20
and Equation 2.21, respectively.

EXd,sistem = 1'“:Xd,1—2 + EXd,2—3 + l'5:Xcl,3—4» + EXd,4—1 (2.20)

Ex sistem
Nex,sistem — ] — ——dsistem (2-21)

Wcompressor,actual

The assumptions made for exergy analysis are given below:
e The dead-state pressure (Py) was assumed to be 101.325 kPa.

e The dead state temperature (To) is assumed to be 298 K.

2.1.3. Environmental Analysis

The equation of environmental analysis is given below (Equation 2.22) (Caliskan, 2017):
Xco, = EM Vvcompressor t (2.22)

X0, EM, Weompressor and t show greenhouse gas emission released in a certain period (kgCO./time), emis-
sion value of the energy source option used in electricity generation (kgCO,/kWh), the power consumption
of the compressor system (kW) and operating time of system in a certain period (h/time), respectively.

2.1.4. Enviro-economic Analysis

The equation of enviro-economic analysis is given below (Equation 2.23) (Caliskan, 2017):
Cco,= €co,Xco, (2.23)

Xco, IS the value of environmental analysis (kgCO,/time), cco, is price of the CO, emission ($/kgCO;) and
Cco, is enviro-economic result ($/time).
The acceptances made to perform environmental and enviro-economic analysis are dedicated in Table 3.

Table 3
Assumptions made for environmental and enviro- economic analysis

Heating capacity 1 kW

t 12 h/day
EM 0.523 kgCO,/kWh (Atilgan & Azapagic, 2016)
Cco, 145  $/tonCO, (Caliskan, 2017)

3. Results and Discussion

In this investigation, the use of R450A refrigerant instead of R134a in low and medium-temperature heat
pump systems has been investigated. The energy, exergy and environmental impact analysis of heat pump
system were performed for R134a and its alternative R450A.
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3.1. Results of Energy Analysis

The energy analysis of the heat pump system has been made according to first law of thermodynamics. In
the case of using R134a and R450A refrigerants in the heat pump system, mass flow rate, compressor energy
consumption, cooling capacity and heating capacity are given in Figure 4.
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™14 g 630
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Figure 4. The mass flow rate, compressor energy consumption, cooling capacity and heating capacity of re-
frigerants

At 10 °C heat source temperature, the mass flow rate of R134a and R450A is 9.18 g/s and 9.01g/s, respec-
tively. At 20 °C heat source temperature, the mass flow rate of R134a and R450A is 12.85 g/s and 12.59 g/s,
respectively. As seen in Figure 4, R134a has a higher mass flow rate than R450A. This is an expected result.
Because the suction line density of R134a is higher than R450A. Under ideal conditions, the condenser tem-
perature does not influence the refrigerant mass flow rate.

Compressor energy consumption depends on the refrigerant mass flow rate and the specific compression
work. Compressor energy consumption is one of the parameters affecting the performance coefficient (COP)
of the heat pump system. As seen in Figure 4, the compressor energy consumption of R134a is higher than
R450. At 10 °C heat source temperature, the compressor energy consumption of R134a varies between
348.90 W and 522.71 W, while the compressor energy consumption of R450A varies between 318.66 W and
476.86 W.

The cooling capacity of the refrigerants relies on the refrigerant mass flow rate and the cooling effect (evapo-
rator enthalpy difference). Figure 4 clearly shows that R134a has a higher cooling capacity than R450A.
Because R134a has both a cooling effect (evaporator enthalpy difference) and a mass flow rate higher than
R450A. At 10 °C heat source temperature, the cooling capacity of R134a varies between 1414.70 W and
1062.58 W, while the cooling capacity of R450A varies between 1281.30 W and 940.75 W.

The heating capacity of the refrigerants relies on the refrigerant mass flow rate and the heating effect (con-
denser enthalpy difference). As seen in Figure 4, R134a has a higher heating capacity than R450A. Because
R134a of the heating effect (condenser enthalpy difference) and mass flow rate higher than R450A. At 10 °C
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heat source temperature, the heating capacity of R134a varies between 1763.60 W and 1585.29 W, while the
heating capacity of R450A varies between 1599.95 W and 1417.61 W.

The comparison of R134a and R450A's COP values is given in Figure 5. As the heat sink temperature in-
creases, the COP value of both refrigerants decreases. As the heat sink temperature increases, the COP value
of both refrigerants decreases. Because, when the heat sink temperature increases, the heating capacity of
refrigerants diminishes, and compressor consumption of refrigerants rises. When we examine the COP val-
ues of refrigerants, it is seen that they are almost similar.

For example, at 10 °C heat source temperature and 30 °C, 35 °C, 40 °C 45 °C, 50 °C and 55 °C heat sink tem-
peratures, the COP value of R134a is 5.05, 4.49, 4.03, 3.64, 3.32 and 3.03, respectively. Under the same
conditions, the COP value of R450A is 5.02, 4.45, 3.99, 3.60, 3.27 and 2.97, respectively.

Theat source =10 °C Heat sink temperature (°C)
7 - ER134a HR4S0A 30 35 40 45 50 55
0, -
6 - 0%
5 A 1% A
g4 A
U3 A 8 2% 1
2 2 30 HR450A
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0 | _40& .
30 35 40 45 50 55 50
50,
Heat sink temperature (°C)
Theat source =20 °C Heat sink temperature (°C)
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O3 8 2% 1
2 2 305 | uR450A
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0 1 _40A) -
30 35 40 45 50 55 50, |
Heat sink temperature (°C)

Figure 5. The comparison of R134a and R450A's the COP values

3.2. Results of Exergy Analysis

The exergy analysis of heat pump system has been made according to second law of thermodynamics.
The total exergy destruction rate and exergy efficiency of the heat pump system are given in Figure 6.
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Figure 6. Total exergy performance of heat pump system

At 10 °C heat source temperature and 30 °C, 35 °C, 40 °C 45 °C, 50 °C and 55 °C heat sink temperatures, the
exergy destruction rate of R134a is 244.87 W, 258.68 W, 273.14 W, 288.36 W, 304.40 W and 321.49 W,
respectively. Under the same conditions, the exergy destruction rate of R450A is 224.39 W, 237.07 W,
250.38 W, 264.51 W, 279.36 W and 297.42 W, respectively. As heat sink temperature rises, the total exergy
destruction rate increases. At 10 °C heat source temperature and 30 °C, 35 °C, 40 °C 45 °C, 50 °C and 55 °C
heat sink temperatures, the total exergy efficiency of R134a is 0.298, 0.330, 0.353, 0.369, 0.379 and 0.385,
respectively. Under the same conditions, total exergy efficiency of R450A is 0.296, 0.327, 0.349, 0.364,
0.373 and 0.376, respectively. The total exergy efficiency increases when heat sink temperature rises. But,
total exergy efficiency after 45 °C heat sink temperature slightly rising. The exergy results of the second law
for the entire heat pump system show that R450A behaves similarly to R134a.

To examine the exergy analysis of the heat pump system in detail, the exergy performance of the heat pump
components has been made. The exergy destruction rates and exergy efficiencies of components are given in
Table 4. When we examine Table 4, it is clear that the system components of R134a and R450A are
generally similar.
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Table 4
Exergy destruction rates and exergy efficiencies of components
Theatsink  Refrigerant Compressor Condenser Evaporator Expansion valve
(°C) Exergy Exergy Exergy Exergy Exergy Exergy Exergy Exergy
destruction  efficiency  destruction efficiency destruction efficiency destruction efficiency
rate (W) ) rate (W) ) rate (W) ) rate (W) )
Theal,scurce = 10 DC
30 R134a 95.26 0.73 60.54 0.32 54.03 0.58 35.04 0.91
35 R134a 103.75 0.73 58.47 0.49 51.56 0.58 44.89 0.89
40 R134a 111.42 0.74 56.62 0.59 48.98 0.58 56.12 0.86
45 R134a 118.53 0.74 54.55 0.66 46.29 0.58 68.98 0.83
50 R134a 125.10 0.74 52.85 0.70 43.51 0.58 82.95 0.80
55 R134a 131.40 0.75 50.81 0.74 40.45 0.58 98.82 0.77
30 R450A 88.10 0.72 52.50 0.33 49.35 0.58 34.44 0.90
35 R450A 95.89 0.73 50.26 0.50 46.73 0.58 44.19 0.88
40 R450A 102.88 0.73 48.22 0.60 44.07 0.58 55.20 0.85
45 R450A 109.32 0.74 46.35 0.67 41.38 0.58 67.45 0.82
50 R450A 115.50 0.74 44.14 0.72 38.63 0.58 81.09 0.78
55 R450A 121.68 0.74 43.61 0.75 35.83 0.58 96.30 0.75
Theatsource = 20 °C
30 R134a 96.95 0.72 79.75 0.33 73.72 0.32 26.44 0.95
35 R134a 109.22 0.73 76.94 0.50 70.30 0.32 36.79 0.93
40 R134a 120.71 0.73 74.03 0.60 66.67 0.32 49.05 0.91
45 R134a 131.06 0.74 71.19 0.67 63.21 0.32 63.23 0.89
50 R134a 141.03 0.74 68.70 0.71 59.53 0.32 78.94 0.87
55 R134a 150.22 0.75 65.76 0.75 55.78 0.32 96.95 0.84
30 R450A 89.34 0.72 70.20 0.34 67.10 0.32 26.35 0.95
35 R450A 100.60 0.73 67.27 0.51 63.68 0.32 36.45 0.93
40 R450A 111.11 0.73 64.24 0.61 60.22 0.32 48.24 0.90
45 R450A 120.87 0.74 61.42 0.68 56.65 0.32 61.75 0.88
50 R450A 129.88 0.74 58.47 0.72 53.20 0.32 76.94 0.85
55 R450A 138.89 0.74 57.76 0.75 49.44 0.32 94.48 0.82

Exergy destruction occurred mostly in the compressor under all operating conditions for refrigerants. At low
heat sink temperatures, the least exergy destruction occurs in the expansion valve, while the lowest exergy
destruction occurs in the evaporator at high heat sink temperatures. This is clearly seen in the exergy flow
diagrams are given in Figure 7 and Figure 8.

Compressor
Rl34a: 9526 W (27.30%)
R450A: 88.10 W (27.65%)
Condenser
R134a: 60.54 W (17.35%)
B450A:52.50 W (16.48%%)
Evaporator
Theatsink = 30 °C S R134a: 34 03 W (15 49%)
R R450A:49.35 W (15.49%)
Total exergy input — Total exergy lost Expansion valve
- P v R134a: 244 87 W R134a: 35.04 W (10.04%%
R134a: 34800 W — a: 35 (10.04%%5)
RAS0A:- 318.66 W R450A: 22439 W R4504:34 44 W (10.81%)
. A S S = Transiting exergy
—_— Ri134a: 104.03 W (29.80%)
R4A50A: 94.27 W (29.60%)
Compressor
Ri134a: 131 .40 W (25.14%)
R450A: 121.68 W (25.52%)
Condenser
R134a: 30.81 W (9.72%4)
R4504:43.61 W (2.15%)
L= = Evaporator
T = s50C
Beatsink = = — Rl3da: 40.45 W (7.74%)
—_— R450A:35.83 W (7.51%%)
Total exergy input —_— r 1 exe Expansion valve
R13da- 522 71 W - Bhldidze 220 Jhel iy R134a: 9882 W (18.91%)
A 3Ls RA50A: 297.42 W . . -
RAS0A: 476.86 W —_— RA50A:96 30 W (20.19%%)
—_— X - Transiting exergy
— Rl134a: 201.22 W (38.50%)
R4504: 179.44 W (37.60%)

Figure 7. Exergy flow diagram for Teasource = 10 °C
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Compressor
Rl134a: 96.93 W (27.37%)
R450A: B0 34 W (27.83%%)

Condenser
R134a: 79.75 W (22.60%)
FA450A: 7020 W (21.68%)

Evaporator
Theatsink:= 30 °C

—_— R134a: 73.72 W (20.96%)
R R450A: 67.10 W (20.90%)
Total exergy input =— ;‘;;’:‘ e;;rsg’s;“{;: Expansion valve
R134a:351.67TW  —p a- =i R134a: 26.44 W (7.52%)
R450A:321.05 W __ R450A:252.99 W R450A: 26.35 W (8.21%)
_— e e e e  — — —  — — —————————— —_ Transiting exergy
— R134a: 74.81 W (21.30%)

R450A: 68.06 W (21.20%)

Compressor
El134a: 15022 W (25.35%)
F450A: 138 89 W (25.63%)

Condenser
Rl134a: 65.76 W (11.10%)
R4A50A- 57.76 W (10.67%)

Theatsink= 55 °C Evaporator

— Rl34a: 35.78 W (2.41%6)
— R450A: 49,44 W (9.13%)
Total exergy input = e o al Expansion valve
R134a- 592 54 W —_— R134a: 368.72 W R134a: 96.95 W (16.36%)
R450A: 54138 W e RAS0A: 34057 W RA450A:94 48 W (17.45%)
SR (R A S P e S - Transiting exergy
—_— R134a: 223.82 W (37.20%)

R450A: 200,81 W (37.10%)

Figure 8. Exergy flow diagram for Teatsource = 20 °C

3.3. Results of Environmental Analysis

The environmental analysis gives the emission value (kgCO,/time) in a certain period (such as hour, day,
month, year) depending on the energy consumption of a system and the energy source option used (tradition-
al energy sources or renewable energy sources).

Environmental analysis results are given in Table 5. When we examine the environmental analysis results, it
is seen that there are very small values. Because the analyzes have been made for a very small-scale heat
pump system. The environmental analysis results of R450A are slightly higher than R134a.

Table 5
Environmental analysis results (kgCO,/day)

Theat,source (OC) Theat,sink (OC) R134a R450A

10°C 30 1.24 1.25
35 1.40 1.41
40 1.56 1.57
45 1.72 1.74
50 1.89 1.92
55 2.07 211
20°C 30 0.92 0.92
35 1.07 1.08
40 1.23 1.24
45 1.39 1.40
50 1.55 1.57
55 1.72 1.75

3.4. Results of Enviro-economic Analysis

The enviro-economic analysis relies on environmental analysis and greenhouse gas emission price. Car-
bon pricing is one of the effective methods used to reduce greenhouse gases. Therefore, enviro-economic
analysis is used to evaluate a system in terms of environmental economic (carbon pricing).
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The enviro-economic analysis results are given in Table 6. The enviro-economic analysis results are in very
small values similar to environmental analysis results. The enviro-economic analysis results of R450A are
almost the same as R134a.

Table 6
Enviro-economic analysis results ($/day)

Theat,source (OC) Theat,sink (OC) R134a RA450A

30 0018  0.018
35 0020  0.020

) 40 0023 0.023
10°C 45 0025 0025
50 0027 0.028

55 0030 0.031

30 0013 0.013

35 0.016  0.016

i 40 0018 0.018
20°C 45 0.020  0.020
50 0023 0.023

55 0025 0.025

4. Conclusion

In this study, the evaluation of the use R450A and R134a in low and medium-temperature heat pump sys-
tems has been investigated. The energy, exergy, environmental and enviro-economic analyzes of the heat
pump have been performed for R134a and R450A. The R450A's mass flow rate is lower than R134a. Be-
cause the density of R450A in the heat pump suction line is lower than R134a. The compressor power con-
sumption of R134a is higher than R450A. Despite the cooling and heating capacity of R134a are higher than
R450A, the heating COP value of R134a has slightly higher than R450A. The exergy results of the second
law for the entire heat pump system show that R450A behaves similarly to R134a. Exergy destruction
occurred mostly in the compressor under all operating conditions for refrigerants. At low heat sink
temperatures, the least exergy destruction occurs in the expansion valve, while the lowest exergy destruction
occurs in the evaporator at high heat sink temperatures. The environmental analysis results of R450A are
slightly higher than R134a. The enviro-economic analysis results of R450A are almost the same as R134a.
As a result, R450A can be used as an alternative refrigerant in heat pump systems operating with R134a ac-
cording to energy, exergy, environmental and environmental-economic analysis investigations.
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Oz — Ephestia kuehniella (Lepidoptera: Pyralidae) iiretiminde uygun besin kullanilmast kitle iiretim icin oldukca
o6nemlidir. Bugday unu ve kepegi (1:1)’nin karisiminda olusan E. kuehniella’nin standart besininden bugday unu sabit
kalacak sekilde, 1 nolu (250 g bugday kepegi +250 g musir unu), 2 nolu (225 g bugday kepegi +225 g misir unu + 50
g balik unu), 3 nolu (213 g bugday kepegi +212 g musir unu + 75 g balik unu), 4 nolu (200 g bugday kepegi +200 g
misir unu + 100 g balik unu) 5 nolu (188 g bugday kepegi +188 g musir unu + 125 g balik unu) ve 6 nolu (175 g
bugday kepegi +175 g musir unu + 150 g balik unu) besinler olusturulmustur. Bu besinler iizerinde E. kuehniella’nin
bazi biyolojik ozellikleri incelenmigtir. Deneme sonucunda E. kuehniella en yiiksek ergin ¢ikisi 2 nolu, en agir larva
5 nolu (29.0 mg), pupa 1 nolu (22.4 mg), ergin 2 nolu (19.5 mg) ve yumurta ise 6 nolu (36 mg) besinde gergeklesmistir.
En uzun ergin 6mrii (10.48 giin) 6 nolu ve disi bagina ergin 6mrii boyunca birakilan en fazla yumurta sayisi (456.63
adet) 5 nolu besinde belirlenmistir. En kisa yumurta, larva ve pupa gelisme siiresi sirasiyla; 1 nolu (2.15 giin), 3 nolu
(25.7 giin) ve 6 nolu (9.6 giin) besinde gergeklesmistir. Sonug olarak gelistirilen besinlerin E. kuehniella’nin treti-
minde standart besinden daha iyi sonug verdigi, ancak misir unu ve balik unu karigim oranlarinin etkisinin belirlenmesi
icin birka¢ dol devam edecek detayli ¢aligmalarin yapilmasina ihtiyag oldugu kanisina varilmistir.
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Abstract — Using suitable nutrients is very important for mass production of Ephestia kuehniella (Lepidoptera: Pyra-
lidae). From the standard diet of E. kuehniella as wheat flour + wheat bran (1:1) new diets were developed with using
the 500 g of wheat flour as a constant and adding (250 g wheat bran +250 g corn flour) for No.1, (225 g wheat bran
+ 225 g cornmeal + 50 g fish meal) for No.2, (213 g wheat bran +212 g cornmeal + 75 g fish meal) for No.3, (200 g
wheat bran +200 g cornmeal + 100 g fish meal )for No.4, (188 g wheat bran +188 g cornmeal + 125 g fish meal) for
No.5 and (175 g wheat bran + 175 g corn meal + 150 g fish meal) for No.6. Some biological properties of E. kuehniella
were examined on these diets. As the result of the experiment, the highest number of E. kuehniella adult emergence
was on the diet No.2, the heaviest larvae were in diet No.5 (29.0 mg), pupa in diet No.1 (22.4 mg), adult diet No.2
(19.5 mg), and eggs in diet No.6 (36 mg). The highest longevity was on diet No.6 (10.48 days) and the highest number
of eggs per female was on diet No.5 (465.63 eggs). The shortest egg development, larval development and pupal
development periods were on diet No.1 (2.15 days), on diet No.3 (25.7 days) and on diet No.6 (9.6 days), respectively.
As the result, new diets were found to have better results in E. kuehniella production than the standard diet, more
detailed studies with several generations is necessary to determine the effects of cornmeal and fish meal mixtures
rates.

Keywords — Fish meal, wheat bran, wheat flour, Ephestia kuehniella, mass production, corn meal

1
1

turkogluasude@gmail.com

aozpinar@comu.edu.tr

*Sorumlu Yazar / Corresponding Author


about:blank
about:blank
about:blank
about:blank

Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 4, Sayfa: 570-581

1. Giris

Bocekler diger canlilarda oldugu iizere geligmek ve iiremek igin farkli besin maddelerine ihtiyag
duymaktadirlar (Behmer, 2009). Temel besinlerden olan karbonhidratlar enerji kaynagi olarak ve proteinler ise
viicudun yapi taslari olan aminoasitlerin olusumunda gorev almaktadir (Simpson ve Raubenheimer, 2012).
Ayrica viicutta karbonhidrat miktarinin ¢ok diisiik olmasi durumunda, aminoasitler enerji kaynagi olarak da
islev gorebilmektedirler (Thompson, Redak ve Borchardt, 2002). Bu nedenle bocek iiretiminde kullanilan
besinlerdeki proteinin miktari optimum bdcek gelisimi ve liremesi igin bilylik dneme sahiptir.

Boceklerin kitle iiretimi farkli amacglara yonelik olarak yapilmaktadir. Son yillarda tarim alanlarindaki
zararlilarla savagimda biyolojik miicadele ajanlarinin kullanimi konukgulari kitle iiretimini 6nemli hale
getirmistir. Biyolojik miicadele etmenlerinin ¢ogaltilarak zararlilara kars1 kullanimai kitle {iretim konuk¢usunun
varligima baghdir. Bu nedenle kitle tiretim konukgulari, biyolojik miicadelenin basarisinda énemli bir paya
sahiptir. Konukgu {iiretimin ekonomik olmasi uygun besin varliinda miimkiindiir. Besinlerin igerikleri
konukgunun saglikli gelismesi ve yiiksek iireme giicline ulagsmasinda 6nemli olup, iiretimin devamlilig1 ve
biyolojik miicadelenin siirdiiriilebilirligi bakiminda da gereklidir. Diger taraftan biyolojik miicadele
etmenlerinin kitle {iretiminde optimum 6zellikleri tagiyan konukgularin bulunmasi zordur. Bu nedenle mevcut
kitle tiretim konukgular1 ¢cogunlukla birden fazla biyolojik miicadele etmenin yetistirilmesinde kullanilmaktadir.

Besinin; kitle tiretim konukgusunun gelisim hizi, farkli biyolojik donemlerin agirligi, dmiir uzunlugu ve
dogurganlik gibi bircok biyolojik parametreye olan etkisi ile ilgili incelemeler yapilmistir (Rees, 2004; Xu,
Wang ve He, 2008). Uzun yillardir yumurta parazitoitleri Trichogramma spp. (Hymenoptera:
Trichogrammatidae) tiirlerinin kitle tretiminde kullanilan Ephestia kuehniella Zeller (Lepidoptera:
Pyralidae)’nin farkli biyolojik donemleri bir¢ok biyolojik miicadelede etmeninin kitle iiretiminde
kullanilmaktadir. Yiiksek ve hizli iireme kapasitesine sahip olan E. kuehniella’nin farkli besin tipleri iizerinde
kolay ve ucuz tiretilmesi bu konuk¢uyu onemli kilmaktadir. E. kuehniella yumurtalar1, birgok Trichogramma
tiirii (Bergeijk, Bigler, Kaashoek ve Pak, 1989; Ozpmar, 1997; Ozder ve Kara, 2010) ile birlikte Chelonus
oculator (Hymenoptera: Braconidae) (Ozkan, 2006; Tunca, Ozkan ve Kilinger, 2010) gibi parazitoitlerin ve
Orius spp (Pehlivan, Aling ve Atakan 2017; Ozek, Sahin ve Ozpinar 2017), Chrysoperla spp. (Neuroptera:
Chrysopidae) ve Anthocoris spp. (Hemiptera: Anthocoridae) gibi predatdrlerin (Yanik ve Unlii, 2011)
iiretiminde kullanilmaktadir. E. kuehniella’nin larva dénemleri ise Bracon hebetor (Hymenoptera: Braconidae)
(Gundiiz ve Gtilel, 2004; Faal ve Shishehbor, 2013) ve Venturia canescens (Hymenoptera: Ichneumonidae)
(Roberts, Triie ve Schmidt, 2004; Ozkan, 2006) gibi larva parazitoitlerinin iiretiminde degerlendirilmektedir.

Ephestia kuehniella’nin farkli biyolojik dénemlerinin gelisme stireleri ve yumurta verimi bugday unu, irmik,
misir unu ve piring unu iizerinde incelenmistir (Ercan, 1989). E. kuehniella iiretimi i¢in bugday unu, ince kepek,
biskiivi, yerfistigi ve kirmizi pul biber gibi besinler degerlendirilmistir (Tulaganov, 1995). Ayrica E.
kuehniella’ya bugday unu, bugday kepegi, misir unu, ¢avdar unu ve yulaf unu gibi besinler verilerek gelisme
donemi ve morfolojisi incelenmistir (Karaborklii ve Ayvaz, 2007). E. kuehniella’nin 6 farkli bugday ¢esidinde
(Bahar, Zarin, Pishgham, Pishtaz, Sardari ve Parsi) yasam siiresi ve iireme oranlari iizerinde arastirma
yapilmustir (Tarlack, Mehrkhou ve Mousavi, 2014). Besin olarak bugday unu, misir unu, ruseym katkili un ve
ruseym kullanilarak E. kuehniella’nin gelisim donemlerindeki agirliklarina, total lipit ve total yag asidi oranlari
aragtirlmistir (Sénmez, Ozcan ve Kog, 2019). E. kuehniella’ya standart bir diyet, tam bugday unu, gliserol ve
bira mayasi igeren diisiik bir diyet veya sadece tam bugday unu iceren tigiincli bir minimum diyet verilmis ve
T. brassicae tarafindan yumurta kalitesi ve parazitizm iizerine etkisi arastirllmistir (Moghaddasi, Ashouri,
Bandani, Leppla, ve Shirk, 2019). Besin olarak bugday unu, misir unu, bugday kepegi, gliserin ve maya
kombinasyonlar1 kullanilarak E. kuehniella’nin bazi temel biyolojik parametreleri tizerindeki etkileri
incelenmistir (Kurtulug, Pehlivan, Achiri ve Atakan, 2020). Dolayisiyla bu c¢aligmalarin hedefi uygun gida
tizerinde ekonomik ve siirdiiriilebilir bir tiretim yapmak ve biyolojik miicadele etmenin tiretiminde kaliteyi
arttirmaktir. Kitle iiretimin ucuz ve ekonomik olmasi iiretimin devamliligi bakimida énemlidir.
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Bu caligmada ise standart bugday unu ve bugday kepegi iizerinde iiretilen E. kuehniella’nin gelisimi tizerinde,
tatli misir ile balik ununun farkli oranlarda karigima dahil edildigi 6 adet farkli besinin etkisi incelenmistir.

2. Materyal ve Yontem

Bu caligmanin ana materyalini E. kuehniella’nin biyolojik donemleri ve Tablo 1’de belirtilen farkli
besinlerin karisimlarindan olusmaktadir. E. kuehniella yumurtalar1 Onsekiz Mart Universitesi, Ziraat Fakiiltesi,
Bitki Koruma Boliimii’'nde daha onceden de yetistirilmekte olan kiiltlirlerden saglanmistir. Bugday ve misir
daneleri 6giitme degirmeninden gegirilerek bugday unu, bugday kepegi ve misir unu elde edilmistir. Balik unu
ise ticari amagl olarak hazirlanns halde, Dardanel Onentas Gida Sanayi A.S’ den saglanmustir.

E. kuehniella’nin {iretiminde kullanilan standart besin bugday unu + bugday kepegi (1:1) esas alinarak bugday
unu sabit kalmak kosuluyla besinde bugday kepegi belli oranlarda azaltilarak, azaltilan oranlarda misir unu ve
balik unu katilarak karigimlar elde edilmistir (Tablo 1). Caligmada kullanilan diger materyaller ise farkli
ebatlardaki plastik kiivetler, amerikan bezi, yumusak uglu firgalar, beyaz kagit, plastik yumurtlama kaplari, pet
bardaklar, paket lastikleri, makas, etiiv, vakumlu pompa, 6glitme degirmeni gibi laboratuvar malzemelerinden
olusmaktadir.

Tablo 1
Ephestia kuehniella tiretiminde kullanilan farkli besinlere ait degerler (g)
Besinler Bugday unu Bugday kepegi Misir unu Balik unu Toplam
Kontrol (K) 500 500 - - 1000
1 No 500 250 250 - 1000
2 No 500 225 225 50 1000
3 No 500 213 212 75 1000
4 No 500 200 200 100 1000
5 No 500 188 187 125 1000
6 No 500 175 175 150 1000

2.1. Ephestia kuehniella’min Uretimi ve Ergin Ugus Periyodunun Belirlenmesi

Ephestia kuehniella’nin iiretimi 25+1°C, sicaklik ve %60-70 orantili nemde 16 saat aydinlik 8 saat karanlik
kosullardaki kitle tiretim odasinda yiiriitilmistiir. E. kuehniella iiretimde kullanilan Tablo 1’deki besin
karigimlart hazirlanmis ve dis bulagsmalar1 6nlemek amaciyla 90°C sicakliga ayarl etiivde 4 saat tutularak steril
edilmistir. Sodyum hipoklorit (%1°1ik) ile dezenfekte edilen 32 x26 x10 cm ebatlarindaki kiivetlere (Sekil 1)
1000 gramlik besinler alinmig ve her besi kabina ayni yastaki 2000 adet E. kuehniella yumurtasi ekilmistir.

Sekil 1. Ephestia kuehniella’nin tiretimi ve kullanilan malzemeler

Kiiltiire alinan E. kuehniella yumurtalarindan ¢ikis yapan larvalarda kannibalizmi 6nlemek ve larvalarin i¢inde
pupa olmalarimi saglamak i¢in kiivetlerdeki besinin iist yiizeyine 5’er cm eninde oluklu ondiile kartonlar
yerlestirilmigtir. Daha sonra kiivetlerin iizeri uygun biiyiikliikkte amerikan beziyle kapatilmis ve bir lastik
yardimiyla bez kiivetin kenarlarina sabitlenerek kitle liretim odasinda gelismeye birakilmistir. Kiiltiir giinliik
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olarak kontrol edilmis ve ¢ikis yapan E. kuehniella erginleri her besin i¢in ayr1 ayri kaydedilmistir. Besinlerden
gergeklesen ilk ergin ile son ergin ¢ikisi esas alinarak ergin ugus periyodu belirlenmistir. Kiiltiirlerden ¢ikis
yapan erginler buradan vakumlu pompa ile toplanarak yumurtlama kaplarina alinmistir. Bu kaplardan giinliik
olarak toplanan yumurtalarin bir kismi deneme i¢in kullanilmistir (Sekil 1). Geriye kalan yumurtalarla yeni
kiiltiirler agilmustir (Bulut ve Kilinger, 1987; Oztemiz 2001; Ozder, 2004).

2.2. Ephestia kuehniella’min Biyolojik Dénemlerinin Gelisme Siiresinin Belirlenmesi

Kiiltiir giinliik kontrol edilerek her besin ortamindan yumusak cimbiz yardimiyla alinan E. kuehniella ayni
yastaki 10 adet disi ve 20 adet erkek pupanin ayrimi streobinokiiler mikroskop altinda pupalarinin dis genital
bolgesi incelenerek yapilmis ve 1 disiye 2 erkek gelecek sekilde pet bardaklara alinmigtir. Deneme 10 tekrarl
olarak kurulmus ve her giin kontroller yapilarak ¢ikis yapan erginler kaydedilmistir. Ergin ¢ikist
tamamlandiktan sonra erginler 6liinceye kadar her giin kontroller yapilarak erkek ve disi 6mrii ve disi basina
birakilan giinliik yumurta sayis1 kaydedilmistir. Her besin i¢in aynmi yastaki yumurtalardan ¢ikis yapan 10’ar
adet larva 5’er gramlik farkli besinleri i¢eren petri kaplarina alinmis ve E. kuehniella’nin larva gelisme siiresi
ve pupa gelisme siiresi giinliik kontroller yapilarak belirlenmistir.

2.3. Verilerin Degerlendirilmesi

Her kiiltiirden rastgele alinan 10’ar adet olgun larva, pupa ve ergin ile 1000’er adet yumurta hassas terazide
(Sartorius CP 3238, hassasiyet=0.001 g) tartilmistir. Her besine ait elde edilen veriler SPSS 23 paket programi
uygulayarak varyans analizi yapilmis ve ortalamalar arasindaki fark tek yonli ANOVA ve Fisher’s LSD ¢oklu
kargilastirma testine tabi tutulmustur (P<0.05).

3. Bulgular ve Tartisma
3.1. Ephestia kuehniella Ergin Ucus Periyodu

Her besin i¢in kullanilan 2000 adet E. kuehniella yumurtasindan elde edilen erginlerin ugus periyodu Sekil
2’de verilmistir. E. kuehniella ergin ugus periyodu 3 ve 5 nolu besinde 26 giinde diger besinlerde ise 27 giinde
tamamlanmistir. Ergin ugus periyodu iizerine besinlerin 6nemli bir fark yaratmadigi goriilmustiir.

Ancak ergin ugus periyodu boyunca meydana gelen tepe noktasi kontrol (K) ve 6 nolu besinde 15. ve 16.
giinlerde, diger besinlerde ise yaklasik bir hafta 6nce ergin ucusunun 7. ve 8. giiniinde gergeklesmistir. Kontrol
ve 6 nolu besinlerin digindaki diyetlerde daha erken dénemde yliksek sayida ergine ulagilmistir. Kitle iiretimde
erken donemde arzu edilen sayida ergine ulasilmasi yumurta iiretiminin erken tarihe alinmasi anlamina
geleceginden dolayi; is giiciinde bir tasarruf saglayacagi gibi istenilen materyale sahip olunmasi nedeniyle de
iiretim acisindan bir avantaj seklinde degerlendirilmistir.

Farkli besinlerde kiiltiire alinan yumurtalardan gelisen larva ve pupalardan ¢ikis yapan ergin orani, kontrol (K),
1, 2, 3, 4, 5 ve 6 no’lu besinde sirasiyla %95.5, %99.1, %100, %98.5, %98.3 %98.1 ve %96.2 olarak
gergeklesmistir. En yiiksek ergin ¢ikis orani 2 nolu besinde (%100) ve en diisiik ergin ¢ikis orani ise kontrol
besinde %95.5 olup, ergin sayis1 toplam 1910 adet olarak bulunmustur. incelenen tiim besinlerde genel olarak
yliksek sayida ergin ¢ikisi gergeklemis ve ergin ¢ikis orami farkli besinlerde birbirine yakin bulunmustur.
Kiiltiirde ¢ikis yapan ergin sayist 2000 ergin ile 2 nolu besinde olup, bunu 1982 ergin ile balik unu icermeyen
1 nolu besin takip etmistir. Genel olarak balik unu iceren besinlerde ¢ikis yapan ergin sayisi kontrole gore
yliksek bulunmustur. Ancak, ergin sayisindaki artis besinlerin icerdigi balik unu orani ile paralellik
gostermemistir. 2 nolu besinde hem ergin ugus periyodu daha erken baslamis hem de ¢ikis yapan ergin sayisi
diger besinlerden daha yiiksek ¢ikmustir.

573



Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 4, Sayfa: 570-581

300

e (1910 Ergin)
250 = 1 No (1982 Ergin)

2 No (2000 Ergin)
200 L @3 N0 (1970 Ergin)

g 4 No (1966 Ergin)
9 150 5 No (1963 Ergi
= o Ergin)
2 @6 NO (1924 Ergin)
M 100
i //
-

0 o
1. 2. 3. 4 5 6. 7. 8 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 22. 23. 24. 25. 26. 27.

Ergin ucus periyodu (Giin)
Sekil 2. Ephestia kuehniella’nin tiretimi ve kullanilan malzemeler

Kiiltiirlerde erken donemlerde ergin sayilarina ulasma bakiminda ergin ugus periyodunda 1. giin, 5. giin, 10.
giin, 15. giin, 20. giin. 25. giin ve 27. giin zaman araliklarinda ¢ikis yapan ergin sayisi incelenmistir (Tablo 2).
Ergin ugus periyodunun ilk 5.giinde 1 (%14,3) ve 5 nolu (%16.0) besinler 6nde iken 10. giin zaman araliginda
diger besinlerde ergin popiilasyonun yarisina yakini ¢ikis yapmisken, kontrol ve 6 nolu besinlerde ergin sayisi
%20 civarinda kalmustir. Ilerleyen dénemlerde 15. giinde de ayn1 fark devam etmistir. Kontrol besininde ilk 5
giinde erginlerin %6.2’si, 10. giinde %21.5’1 ve 15. giinde ise toplam bireylerin %53.4’1 ¢ikis yapmistir. Buna
karsin en fazla balik ununu igeren 6 nolu besinde ise ilk 5 giinde popiilasyonun %3.3’1 ¢ikis yaptigi ve 10 ve
15. giinde ise %19 ve %52.3’niin gerceklestigi goriilmiistiir. En fazla balik unu iceren 6 nolu besin ile K
paralellik gostermistir (Tablo 2). Bu durum bir taraftan besin igeriginde balik unun belli bir oranda tutulmasina
isaret ettigi gibi diger taraftan da kesin bir kanaate varmak bu tiir calismalarin birka¢ dolii igerecek sekilde
tekrarlanmasina gerektigi seklinde degerlendirilmistir.

Tablo 2

Farkli besinlerde gelisen Ephestia kuehniella ergin ugusunun farkli zaman araliklarina dagilimi (%)
Giin K 1 No 2 No 3 No 4 No 5 No 6 No

araliklan

1. 0.7 1.0 0.6 0.3 0.4 0.4 0.0
5. 6.3 14.3 9.4 7.5 5.8 16.0 3.4
10. 21.6 56.6 48.1 47.2 44.9 54.8 19.1
15. 53.4 82.4 74.9 774 77.1 81.3 52.4
20. 83.6 94.6 92.3 95.4 95.0 95.2 83.0
25. 98.7 99.6 99.4 99.8 99.7 99.9 99.1
27. 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Nitekim Moghaddasi vd., (2019) calismalarinda farkli besinlerde yetistirilen E. kuehniella’nin ergin ¢ikig
oranlarmin 1. nesilde %73.3 ile %84.0 arasinda degistigini bildirmislerdir. Sonugta canlilarin gelismesindeki
dogal varyasyonlarin kiiltlir ortaminda minimize edilmedigi ve bu farkliliklarin dogal olabilecegi gibi besine
alisma siireci i¢inde de degisebilecegi kanisina varilmistir.
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3.2. Farkh Besinlerde Giinliik Birakilan Ephestia kuehniella Yumurta Sayilar

Incelenen farkli besinlerde gelisen E. kuehniella ergin disileri tarafindan giinliik birakilan yumurta sayilari
Tablo 3, Sekil 3 ve Sekil 4” de verilmistir. Tablo 3 incelendiginde E. kuehniella disi kelebeklerin 6mrii boyunca
biraktigi en fazla yumurta sayist 5 nolu besinde, ortalama 465.6 adet oldugu goriilmiistiir.

Tablo 3
Farkl1 besinlerdeki Ephestia kuehniella giinliik yumurta sayilarinin ergin 6mrii tizerindeki dagilimi (Ort.)
Besinler K 1 No 2 No 3 No 4 No 5No 6 No
1. giin 253 224 0.0 29.3 0.0 13.9 6.6
2. giin 713 85.8 8.2 56.4 58.1 31.0 18.1
3. glin 87.2 82.1 66.5 96.4 37.7 108.5 64.2
4. giin 53.6 71.4 61.0 68.5 119.6 127.1 78.2
5. glin 50.1 59.2 42.0 35.6 87.5 83.6 105.2
6. giin 16.3 25.3 26.8 35.0 43.8 57.5 67.7
7. giin 7.8 9.5 20.3 15.6 23.1 27.9 43.6

Alt1 (6) nolu besin de ise disi basina dmrii boyunca birakilan yumurta sayis1 409 adet olarak gergeklesmistir.
Ergin ugus periyodundaki 6zellikleri ile dezavantajli konumunda olan 6 nolu besin birakilan yumurta sayisi
bakiminda avantajli duruma gec¢mistir. 5 nolu besin ergin ugus periyodu ve birakilan yumurta sayist esas
alindiginda en iyi sonucu veren besin olmustur.

Zira ergin 0mriiniin ilk 3. ve 4. giinlerinde en fazla yumurta sayis1 5 nolu besinde gerceklemistir. Bu durum
kitle iiretimin verimliligi agisinda 6ne ¢ikan ve aranan bir 6zelliktir. Balik unu iceren 2, 3, 4, 5 ve 6 nolu
besinlerde en diigiik yumurta sayisi 2 nolu (235.5 adet) besine aittir. En diigiik oranda balik unu katkili 2 nolu
besin disi bagina birakilan yumurta sayist bakiminda kontroliin (K) gerisinde kalmistir.
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Sekil 3. Farkli besinlerde birakilan Ephestia kuehniella yumurta sayilarinin ergin dmriine bagli olarak degisimi

Birakilan yumurtalarin digi 6mrii tizerindeki dagilimi incelendiginde besinlere gore degismekle birlikte en fazla
yumurta sayist disi Omriiniin 3. ve 4. glinlerinde birakilmistir. Sayisal olarak bakildiginda ilk 5 giinde kontrol
(K) besininde toplam yumurtalarin %91.87’si, 1 nolu %89.98’i, 2 nolu besinde %75.49’#i, 3 nolu besinde
%84.30’u, 4 nolu besinde %79.71’i, 5 nolu besinde %78.20’si ve 6 nolu besinde %66.56’smin birakildigi
gOrilmistir. Kitle tiretim ¢alismalarinda ergin bireyler tarafindan birakilan yumurtalarin ergin émriiniin ilk
giinlerinde birakilmasi tiretimin maliyeti ve 6zellikle isgiiclinde tasarruf acisinda 6nemli bir parametredir.
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3.3. Farkh besinlerin Ephestia kuehniella’nin Biyolojik Donemlerinin Kiitlesine EtKisi

Farkli besinlerde gelisen E. kuehniella’nin olgun larva, pupa, ergin ve yumurtalarinin (1000 adet) kiitle
degerleri Tablo 4’de verilmistir. En yiiksek larva agirligi 5 nolu besinde 29.0 mg iken, en diisiik agirhik ise
kontrol besininde 24.6 mg olarak gergeklesmistir. Bu durumda musir ve balik unu karigimlari larva agirhiginin
artis1 iizerinde olumlu etkide bulunmustur. Sénmez vd., (2019) en yiiksek larva agirligini 7.53 mg ile misir
ununda ve en diisiik degerin ise 3.89 mg ile riiseym besininde gergeklestigini bildirilmistir. Abdi, Naseri ve
Fathi (2014) farkli bugday cesitlerinde elde edilen un ve kepek karisimi ile hazirlanan besinlerde larva
agirliklarinin 15.33 mg ile 19.22 mg arasinda degistigi belirlenmistir. Bizim calismamizda ise en diisiik larva
agirlign 24.6 mg ile kontrol besininde ger¢eklemis olup, balik ununun yer almadigi 1 nolu besin ile degerleri
larva agirlik degerleri bakiminda bir birine yakin ¢ikmis ve tiim besinlerde larva agirliklari diger arastiricilarin

buldugu degerlerden yiiksek ¢cikmistir.

En yiiksek pupa agirligi 1 nolu besinde 22.4 mg iken, en diisiik agirlik ise 2 nolu besinde 21.1 mg olarak
bulunmustur. Seyedi, Mehrkhou ve Noori, (2017) ¢aligmasina gore ise farkli tahillardan elde edilen unlarda
pupa agirligi 16.52 mg ile 23.30 mg arasinda degistigini bildirmistir. Sonmez vd., (2019) besinlerin pupa
agirligina etkisinin olmadigi belirlenmistir. Kurtulus vd., (2020) ise ortalama disi pupa agirliginin 17.5-28.0
mg, erkek pupa agirhgmin ise 16.6-24.1 mg arasinda oldugunu, Moghaddasi vd., (2019) ise disi pupa
agirhgmin 24.3-24.8 mg olarak bildirmistir. Calismamizda ise pupa agirligi ortalama 23 mg ile diger
caligmalarla benzer bulunmustur. Besinlerin ise pupa agirlig1 iizerinde 6nemli bir fark yaratmadigi goriilmiistiir.

Tablo 4
Ephestia kuehniella’nin biyolojik dénemlerine ait farkli besinlerdeki ortalama agirliklar1 (mg)
Besinler Larva Pupa Ergin Yumurta
K 24.6 21.6 17.0 31
1 No 27.7 22.4 18.5 35
2 No 27.5 21.1 19.5 32
3No 26.5 22.0 19.4 31
4 No 27.8 22.3 19.2 32
5No 29.0 22.2 17.1 31
6 No 26.6 21.9 19.0 36

En yiiksek ergin agirligi 2 nolu besinde 19.5 mg iken, en diigiik agirlik ise kontrol besininde 17.0 mg olarak
bulunmustur. Sénmez vd., (2019) ergin émrii agirlig: 2.74 mg ile 4.41 mg arasinda bildirmistir.

En yiiksek yumurta agirligi 6 nolu besinde 36 mg iken, en diisiik agirlik ise kontrol, 3 nolu ve 5 nolu besinlerde
31 mg olarak bulunmustur. Goriildigi tizere E. kuehnilella’nin biyolojik donemlerine ait kiitle degerleri
birbirinden farklilik gostermistir.
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Sekil 4. Ephestia kuehniella disilerinin biraktig1 toplam yumurtalarin ergin 6mrii tizerindeki dagilimi (%)

3.4. Farkl Besinlerin Ephestia kuehniella’nin Biyolojik Dénemlerinin Gelisimi Uzerine Etkisi

Farkli besinlerde gelisen E. kuehniella’nin ergin 6émri, larva ve pupa gelisimi ile yumurta sayilarina ait
degerler istatistiksel olarak karsilastirilmigtir (Tablo 5).

3.4.1. Ergin Omrii

Ephestia kuehniella disi 6mrii lizerinde farkli besinlerin etkisi istatistiksel olarak onemli bulunmustur (F
(6.63)=1.09, P=0,043). (p=0.043). En uzun ortalama disi 6mrii 11.30 giin ile 2 nolu besinde gergeklesmistir. En
kisa ergin omri ise 9.20 giin ile 3 nolu besinde tespit edilmistir. Disi dmriiniin farkli grupta yer aldigi 2 ve 3
nolu besinler misir ununa ilave olarak iginde balik unu bulunan besinlerden olusmaktadir. Moghaddasi vd.,
(2019) yaptiklar1 ¢aligmada disi 6mriiniin ortalama 8.7 giin oldugunu bildirmislerdir. Tarlack vd., (2014) ise
disi 6mriiniin farkl besinlerde 8.00-9.46 giin arasinda degistigini belirlemisler. Karaborklii ve Ayvaz (2007)
disi 6mrii en fazla 8.30 ile misir ununda gerceklestigini tespit etmistir. Goriildiigi iizere disi 6mrii lizerinde
besin etkili olmus, ancak birbirine yakin degerlerin varligi dikkati cekmistir.

Erkek omrii arasindaki farkin da istatistiksel olarak 6nemli oldugu goriilmektedir (F (6.63)=1.47, P=0.045).
Erkek omriiniin en uzun 10.80 giin ile balik unu igermeyen 1 nolu besinde oldugu goriiliirken, en kisa erkek
omri ise 8.00 giin ile kontrol besininde tespit edilmistir. Tarlack vd., (2014) erkek 6mriiniin 9.10 giin ile 10.05
giin arasinda degistigini bildirmislerdir. Karaborklii ve Ayvaz (2007) erkek ergin dmrii en fazla 9.92 ile bugday
ununda gerceklestigini belirlemistir. Besinlerin ergin 6mrii tizerinde de etkili oldugu ve diger arastirmalarin
sonuclariyla da bu durum teyit edilmistir.

3.4.2. Yumurta Sayisi

Farkli besinlerde disi basina 6miir boyunca birakilan ortalama yumurta sayisi arasindaki fark istatistiksel
olarak onemli ¢ikmistir (F (6.63)=3.24, P=0.008). Disi basina en fazla yumurta ortalama 465.63 adet ile 6 nolu
besinde gergeklesmistir. Bunu 409.10 adet ile ayni1 grupta yer alan 5 nolu besin izlemistir. Disi 6mrii 11.30 giin
ile en uzun olan 2 nolu besinde ise 235.33 adet ile en diisiik sayida yumurta elde edilmistir. Disi 6mrii ile
birakilan yumurta sayisi arasinda dogrusal bir iligki goriilmemis olup, 2 nolu besin yumurta sayist bakiminda
kontrol besinin de gerisinde kalmistir. Moghaddasi vd., (2019) disi basina yumurta sayisinin 264.5 ile 279.5
adet arasinda degistigini Kurtulus vd., (2020) ise farkl1 besinlerde bir disinin biraktig1 toplam yumurta sayisinin
musir ununda 176.7 adet ve bugday unu, bugday kepegi, gliserin ve maya karisiminda ise 293.3 adet oldugunu
bildirmislerdir. Tarlack vd., (2014) ise farkli besinlerde bir disinin biraktig1 toplam yumurta sayisinin 220.00
adet ile 284.60 adet arasinda degistigini tespit etmisler. Karaborklii ve Ayvaz (2007) birakilan yumurta sayilart
en fazla 248.20 ile yulaf ununda, en az 97.72 ile bugday kepegi oldugu belirlenmistir. Tavares, Silva ve
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Oliveira, (2017) musir kepegi lizerinde yumurta sayisin1 387.3 olarak bulmustur. E. kuehniella disilerinin
cikistan itibaren giinliik birakilan yumurta sayilarinda diisiis egilimi oldugu bildirilmistir.

Tablo 5

Ephestia kuehniella’nin biyolojik donemlerine ait gelisme siirelerinin farkli besinlerde karsilastirilmasi (n=10
birey) (Ort.£s.h.)

Disi Erkek 6mrii Ergin 6mrii Yumurta / Disi Yumurta Larva gelisme Pupa gelisme  Ergin 6ncesi
L (Giin) (Giin) gelisme stiresi (Giin)  stiresi (Giin) donemlerin toplam
omrii (Giin) A . L
stiresi (Giin) gelisme siiresi
(Giin)
K 9.30+0.58ab 8.00+0.18b 8.65+0.63b 313.00+34.81ab 4+0.47ab 26.6+0.48abc  10.8+0.55ab 41.14
1 No 9.30+0.62ab 10.80+0.19a 10.05+0.42ab  356.6+46.08ab 2.15+0.68ab  26.2+0.53bc  12.8+0.51a 41.15
2 No 11.30+0.90a 8.40+0.28ab 9.85+0.83ab 235.33+31.29b 5.6+0.58a 26.8+0.61abc  11.1+0.48ab 43.5

3 No 9.20+0.98b 8.60+0.31ab 8.90+0.68ab 339.38+52.78ab 3.8+0.55b 25.7+0.50c 11.1+0.53ab 40.6

4No  9.80+0.49ab  9.60+0.15ab  9.70+0.48ab  380.00+30.55a 5.140.60ab  27.4+0.54ab  10.5£0.45b 43.0
5No  9.60+0.43ab  835+0.13ab  8.98+0.5lab  465.63+56.38a 3.9+0.80ab  26.5+0.58abc  9.9+0.53b 403
6No  10.30£0.86ab  10.65+027ab  10.48+0.57a  409.10+38.18a 48+0.61ab  28.0+0.67a  9.6+0.45b 424
F (6.63)=1.0 (6.63)=1.4 (6.63)=1.2 (6.63)=3.2 (6.63)=1.22 (6.63)=1.84  (6.63)=4.31

P 0.043 0.045 0.047 0.008 0.042 0.038 0.001

* Ayni siitunda ayr harflerle gosterilen ortalamalar arasindaki fark istatistik olarak dnemli bulunmustur (P>0.05).

3.4.3. Yumurta, Larva ve Pupa Gelisme Siireleri

Yumurta gelisme siiresi arasindaki fark istatistiksel olarak onemli ¢ikmistir (F (6.63)=1.22, P=0.042).
Yumurta gelisme siiresi en fazla 5.6 ortalama ile 2 nolu besin olmus en az ise 3.8 ortalama ile 3 nolu besin
olmustur.

Larva gelisme siiresi arasindaki fark istatistiksel olarak 6nemli oldugu goriilmektedir (F (6.63)=1.84, P=0.038).
En uzun larva gelisme siiresi 28 giin ile 6 nolu besinde iken, en kisa 25.7 giin ile 3 nolu besinde ortaya ¢ikmustir.
Tarlack vd., (2014) yaptiklari ¢aligmada larva gelisme siiresini farkli besinlerde 38.60 giin (Pishgham bugday
unu) ile 49.60 giin (Pishtaz bugday unu) arasinda degistigini bildirmislerdir.

Pupa gelisme siiresi arasindaki farkin istatistiksel olarak Snemli oldugu goriilmektedir (F (6.63)=4.31,
P=0.001). Pupa gelisme siiresinde ise en uzun degere 12.8 giin ile 1 nolu besinde ulasilmis, en kisa pupa gelisme
stiresi ise 9.6 giin ile 6 nolu besinde goriilmiistir. Tarlack vd., (2014) pupa gelisme siiresini farkli besinlerde
8.40 giin Parsi ile 9.10 giin Pishtaz arasinda degistigini bildirmislerdir.

Farkli besinler iizerinde E. kuehniella’nin ergin 6ncesi dénemlerin toplam gelisme siireleri 40.3-43.5 giin
arasinda degigmistir. Kontrol ile i¢inde balik unu olmayan 1 nolu besinlerde ergin dncesi gelisme siiresi
birbirine yakin bulunmustur.

4. Sonuglar

Calisma sonucunda E. kuehniella’nin iiretiminde misir unu ve balik unu ilave edilerek olusturulan besinlerin
etkisinin standart bugday unu ve bugday kepeginden (1:1) besine gore yiiksek oldugu, ancak hangi oranda balik
unu ve misir unun kariginin en iyi sonucu verecegi ile ilgili detayli calismalara ihtiya¢ vardir. Besindeki
karigimlara bagli olarak E. kuehniella ergin émri, biraktiklar1 yumurta sayilari, yaumurta gelisme siiresi, larva
gelisme siiresi ve pupa gelisme siiresi arasinda 6nemli farkliliklar oldugu gorilmiistiir. Analiz sonuglarina gore
en yliksek oranda balik unu igeren 5 ve 6 nolu besinlerden elde edilen erginlerin digerlerine gére 6nemli oranda
daha uzun yasadiklar1 goriilmiis ve disi bagina émrii boyunca biraktiklart yumurta sayilarinin diger besinlerden
yliksek oldugu belirlenmistir. Kitle iiretiminde yoredeki sanayi iiriinlerinin atiklarinin geri doniisiimii i¢in balik
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unun etkisinin incelendigi bu c¢aligmada balik ununun veya baliklarin atiklarinin besine katilarak
degerlendirilebilecegi kanaatine varilmistir. Ancak karigima ilave edilen balik unun etkisinin agikliga
kavusturulmasi i¢in besinlere ait icerik analizlerin yapilmasi ve E. kuehniella’nin besine aligma siirecinin ortaya
¢ikmasi i¢in birkag dol incelemelerin devam ettirilmesi yararli olacaktir.

Tesekkiir

Bu makale birinci yazarin yiiksek lisans tezinin bir boliimiinden tiretilmistir. Caligmada kullanilan, balik
ununun saglanmasinda desteklerini gordiigiimiiz Canakkale Dardanel Onentas Gida Sanayi A.S’ye tesekkiir
ederiz.
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Ali Ozpmar: Calismayi planlamis, verileri degerlendirmis ve makaleyi kontrol ederek tamamlanustir.
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The Effects of Traps Hung in Different Places in the Cherry Orchard on
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Article History Abstract - In this study, the trapping effect of light blue traps suspended in the cherry orchard and also in four
different directions was determined by using attractants of Tropinota hirta (Coleoptera: Cetoniidae) causing
economic damage on the flowers of cherry trees. 1:1 ratio of trans-cinnamyl alcohol + trans-anethol included

Received: 03.06.2021  chemical attractants were used in all traps. All attractants were dripped on dental cottons by micro pipette. These
. cottons were placed in closed plastic falcon tubes of 3x13 cm dimensions with 0.3 mm diameter holes on the sides.
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) Traps with attractants and water beneath them were located in the outer part of the orchard and on tree branches in
Published: 15.12.2021  all directions; They were hanged 1.5 m above the ground on the wire where attached to two poles in the middle of

a row in the orchard and on one branch of five trees in the inside of the orchard. The number of trapped adults and
the number of intact flowers on the same trees were recorded and they were compared with each other. As a result,
the number of adult insects caught in traps where hung on wires in the orchard was higher. The number of intact
flowers on all the trap-hung trees was higher than on the trees in the controls. In addition, as a result of hanging the
traps on the trees, the rate of shedding of the flowers was higher.

Research Article

Keywords: Blue funnel, cherry, direction trap, Tropinota hirta

1. Introduction

Tropinota hirta is a harmful species because it feeds on the reproductive parts of flowers, such as fruit trees,
ornamental trees, shrubs and other plants. It can also cause damage to cereals (Toth, Schmera, & Imrei, 2004).
Studies have found that T. hirta caused damage on the flowers of rose, cherry, apple, apricot, plum, peach,
raspberry, blackberry, and spring blooming fruit trees (Schmera et al., 2004; Vuts, Szarukan, Subchev,
Toshova, & Toth, 2009; Yasar & Uysal, 2013; Giiveng & Yasar, 2014). Tropinota hirta is harmful not only
during the flowering period but also on the buds. This pest sterilize the plants by chewing their petals, stamens
and stigmas of the flowers (Vuts et al., 2009).

Tropinota hirta can be seen in almost all of Europe, especially in Central and Eastern Europe, and in the north
of Africa. Countries where T. hirta is frequently seen are Austria, Bosnia and Herzegovina, Croatia, Ukraine,
Germany, France, Switzerland, Italy, Czech Republic, Slovakia, Albania, Hungary, Bulgaria, Lithuania,
Poland, Portugal, Romania, Belarus, Greece, Spain, Turkey, Cyprus and Morocco (Catalogue of life, 2018;
Anonymous, 2018). Stanek (1984) reported that this pest is common throughout Europe, Northern Asia, and
North Africa. Although it is reported that this species is found in Adana, Afyonkarahisar, Ankara, Bursa,
Canakkale, Elazig, Izmir, Isparta, Malatya, Mardin, Mersin, Kahramanmaras, Karaman, and Yalova provinces
in our country, it is thought that it is possible to find it in other provinces where no study have been conducted
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(Oztiirk, Ulusoy, Erkilic & Bayhan, 2004; Cetin, Hantas & Erenoglu, 2006; Bahadiroglu, Akinc1 & Kalkar,
2007; Ozcan, 2008; Sagdas & Yasar, 2013; Gezer & Ozpinar, 2015).

It is easier to control of the adults than their larvae because they live under the ground. However, it is very
difficult to chemical control T. hirta. Because agricultural pesticides cannot be used during flowering not to
affect negatively the honey bees and other pollinating insects. For this reason, in the control of this pest
collectively catch adults by an efficient trapping system is an important alternative method. This pest can be
controlled by traps using chemical and visual attractants. In the study, it was seen that blue colored traps were
successful in controlling of this pest (Schmera et al., 2004).

It was reported that this pest can be caught by white or blue traps (Toth, Klein, & Imrei 2003; Toth et al.,
2004). Schmera et al. (2004) put forth that this species was catched by the mixture of trans-cinnamyl alcohol
and trans-anethol in a 1:1 ratio and it was a strong tendency towards blue colored traps. Vuts et al. (2009)
noticed that using 1:1:1 ratio of trans-anethol, trans-cinnamyl alcohol and 4-methoxyphenethyl alcohol is the
most effective mixture to catch Apple blossom beetle. Jozsef (2010) reported in his study that the effectiveness
of traps which used against the adults of T. hirta can be increased with chemical attractants. Mitko, Teodora,
Radoslav, Vilina, Vasilina, Teodora, Nikolina, Petko, & Dimitar (2011) indicated that T. hirta adults were
caught significantly by using traps with a color similar to parliamentary blue, named as "VARb3". Sagdas &
Yasar (2013) stated that blue colored funnels with attractants used in orchards without applied any pesticides
during the flowering periods can be used as an effective method to control of this pest. Yasar & Uysal (2013)
declareted that the use of an attractant together with a blue funnel filled with water was effective in catching
T. hirta on plum and apricot trees during the flowering periods of young trees. Also, they indicated that this
pest preferred plum trees much more than apricot ones because of that more adults were caught by traps in the
plum orchards.

Generally, only the number of caught individuals is taken into account in the studies of trapping insects.
However, in our previous studies, we observed that the insects attracted to the traps also caused damage in the
surrounding plants. In this study, we were aimed to find out How many the adults of Apple blossom beetles
would be caught by the traps both of the trees and on the wire. In this study, we were aimed to find out How
many the adults of Apple blossom beetles may be caught by the traps in trees and on the wire. At the same
time, we also tried to determine the flower damage on the trees where the traps hung.

2. Material and Methods

The material of the present study is Apple blossom beetle, which is harmful to flowers in cherry orchards,
and different attractants that are used to attract this pest and dripped onto cotton in falcon tubes placed on light-
colored blue funnel traps. Traps containing trans-cinnamyl alcohol + trans-anethol were used in all traps. Both
of attractors were mixed in a 1:1 ratio.

The traps were hung two weeks before the trees bloomed in the cherry orchard in 2018 in Isparta Province,
and the attractants were placed in the traps when the first adults were seen. Although, the effects of the
attractants in the traps continued for a long time, they were replaced once in every three weeks. All the
attractants used were dropped on dental cottons with high liquid absorbency and 20 mg each with the help of
a micro pipette. These cottons were placed in the plastic falcon tubes at 3x13 cm dimentions with 10 holes of
0.3 mm in diameter, which the smell of attractants allow outside and also to prevent of the rain to enter inside
at the same time. These tubes were perforated just under the cover part and connected to the edges of the
funnels by passing a stainless wire through them. Due to their tendency for water, the adults approaching the
attractants were falled into in the plastic bottle (Figure 1).
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All the funnels used in the study were painted with the hexadecimal code #C6DEFF and the RGB decimal
code 198, 222, 255 and named as “Light steel blue 1” (Yasar, Cesme, Baydar, Aysal, & Yazir, 2013). During
the studies, a total of five traps with a distance of 10 m from each others were tied on a stretched wire attached
to poles at a height of 1.5 m from the ground in the middle of a row in the same orchard. The same traps were
hung on tree branches at a height of 1.5 m from the ground, a total of five in all directions on the outside of
the orchard. In addition, the traps were hung at a height of 1.5 m from the ground inside of the orchard, on the
branches of five trees in the south direction. The distance of the traps between in the inner area and the outside
of the orchard was at least 20 m (Figure 2).

A 0.5 L plastic bottle was placed under the blue funnels in the traps. It was tried to prevent insects from
escaping from the traps by filling the plastic bottle with 1/3 of water and opening holes in the upper 1/3 of the
bottle so small that insects could not escape because of overflowing the water in case of rain.

Generally, in the previous studies that the trap effectiveness were tried to explained with the number of insects
caught in traps. However, in our previous studies, we noticed in spite of the high catching rate by traps, the
insect damage on the flowers was high too. Therefore, in this study, we also tried to determine the damage
rates in the flowers of the trees which the traps were hung. For this purpose, one-meter-long on the branches
of alive buds and fruit sets in two branches of each trees where the traps were hung in all directions of the
orchard were counted. Thus, the flowers shedding rates of the trapped and non-trapped trees were obtained.
The same counting prosedures were also conducted on the five trees for trapping, non-trapping, and the nearest
to the traps on the wire (Figure 2). The climate data in the study were obtained from the Isparta Meteorology
Provincial Directorate.

584



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 4, Pages: 582-589

NORTH
e 0 6 ° B3 < ¢ < 0 0 )
)
)
kS y %
e Dm ~
=3 L2 o = = % &
® ) ® © ) 0 ¢ m
>
= 7]
Z I * 4
Lél 4 2 & ) &
e T o
o - ®
o o
® 9 0 esne o o+ o+ 906 O
SOUTH
# On the edge traps ¢ In the orchard taps 4 On the wire traps

® Trees counting flowers (on the edge) © Trees counting flowers (closest to the wire)

Figure 2. Locations of hanging traps and control trees in cherry orchard

Square root transformation was applied to the insect number values obtained in the traps and one-way analysis
of variance (ANOVA) was performed on these transformed values using the SPSS package program, followed
by Tukey's HSD multiple comparison test (p<0.05). The values given in Table 1 are untransformed values.
Multivariate numerical analysis (MVSP) was use for percentage similarity index programme.

3. Results and Discussion

The number of the insects caught in traps hung for different directions and inside the cherry orchard is
given in Table 1. When the number of adults caught in the traps in the cherry orchard were examined according
to the all directions and different inside areas. The number of insects in the traps hanging on the wire was
higher than the others, and as a result of the statistical analysis, the difference between all other traps were
found to be significant (p<0.05) (Table 1, Figure 3). It is thought although these results were the same in all
traps and had the same attractive colors, the fact that they could be seen by insects caused an increase in the
rate of catching by the traps.

Table 1
Number of adults caught in traps in cherry orchard according to directions and on the wire (MeantSH)*

Directions and fields

On the wire 12.84+3.09 a
North 331+1.44 b
East 3224142 b
Souht 3.06£1.12 b
West 242+1.17 b
In the orchard 2.00+0.88 b

*The difference between the numbers shown with the same letter in the same column is not statistically significant (p<0.05)

585



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 4, Pages: 582-589

According to these data, it is revealed that the blue colored traps on the trees in or around the orchard cannot
be seen easily by this adult insects. But the traps on the high wire are easier to see and the adult insects attracted
to these traps, although they are inside the orchard. In addition to this, in general, the number of adults caught
per day was lower than in our previous studies. We think that the reason for this is the fact that all the orchards
in the area where the study is carried out are regularly plowed every year. Schmera et al. (2004) reported since
the larvae of this species live in unploughed areas in proportion to ploughed ones. So, such as pasture the
damage of this species is more important in the orchards that near to those areas. Similarly, Yasar & Uysal
(2013) noticed that the adults of this insect are more likely to be caught near uncultivated soils.
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Figure 3. The number of adults caught in the traps according to the directions and areas and the average
temperature values

According to the percent similarity analysis results obtained from the number of insects caught in the traps,
the ones hanging on the wire showed 35.65% similarity to all other places where the traps were hung. In other
words, it was 64.35% different from them (Figure 4).

While those from the other groups in the East and South directions show 81.52% similarity to each other, and
81.32% similarity to each other in the North and West directions. So, it is seen that these two groups are
76.63% similar to each other. It was revealed that this group and the traps on the trees in the orchard were
72.19% similar to each others.

Razov, Bari¢, & Dutto (2009) reported on peach trees that the optimum trap height should be 120-150 cm from
the ground and the distance between the traps should be 15 m. In a study conducted by Giiveng & Yasar (2014)
to catch T. hirta adults on cherry trees in Isparta Province, it was noticed that the most adult individuals were
caught in light blue colored funnel traps with attractant, 150 cm high from the ground. Yasar & Uysal (2013)
was stated that during of blooming to use of attractants together with the blue colored funnel trap under a5 L
plastic bottle filled with water is more effective. It was reported that more adults were caught than apricots.
Okudan-Erdogan (2016) reported that blue colored funnel traps on the trees caught more adults than those on
the ground. Mitko et al. (2011) reported that T. hirta adults were caught in a significant amount by the traps,
as it has parliament blue color.

In the previous studies, traps were used by placing them on the ground or hanging them on trees to catch the
adults of this pest. In this study, the effectiveness of the traps was investigated by hanging the traps in all
directions and especially between the rows of trees in the orchard. As can be seen in Figure 1 and Table 1, the
number of individuals caught in traps on wires in the orchard was much higher than in all other directions.
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Although, these results were the same in all traps which had the same colors and same attractants, the fact that
they could be seen easily by insects caused an increase in the rate of insects that caught in the traps.

UPGMA
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81.32 North
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Figure 4. The percentage similarity analysis results (MVSP) of adult numbers caught in traps in cherry orchard
according to directions and areas

Our study is by determining the number of flowers on the trees trapping and non-trapping (Table 2). The flower
buds counted at the beginning of the study in all trees, and the percentage of flowers that fell at the end of the
study was found. Except for the traps on the wire, the numbers of shedding flowers in all trees on the traps
were higher than those in the controls without traps. Considering that the physiology of the plant and natural
events are the same for all trees, it is possible to say that this difference is due to the damage caused by the
insects attracted by the traps. Moreover, although the traps on the wire were five-meter distance from the
nearest trees in the orchard, the rate of shedding flowers on these trees were at the highest level.

Table 2
The number of shedding flowers and the total number of insects caught in the trees trapping and non-trapping
according to the directions and different areas in the orchard

Numbers of shedding Number of shedding Total number of

Directions and areas flowers in trap hang flowers on trees in the .
. caught insects
trees (%) non-trapping (control)

North 92.95 28.63 33.1

In the orchard 90.10 25.28 20.0
West 70.73 18.75 24.2

South 48.25 30.71 30.6

East 32.95 30.65 32.2

On the wire - 90.83 128.4

4. Conclusion

In the light of this information, it has been revealed that hanging traps in visible places is an important
factor in catching T. hirta adults. However, hanging traps in visible areas is only important in terms of attracting
and catching more insects. Although no study has been reported so far on the relationship between trap-flower
damage about this species before, in this study has reported for the first time. It is to say that as a result of this
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study, the more attracted of the insects towards the traps, the more the rate of damage increases for flower buds
on trees and for reproductive organs on them. It is possible to say that the most appropriate place where the
traps to hang should be on wire or poles around the orchard and if it is possible away from the trees and before
the adults enter the orchard. We think that this problem can be solved by conducting more detailed studies on
this issue.
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Oz — Deprem miihendisligi ve teknolojideki gelismeler, Tiirkiye ve diinyada yasanan depremlerden elde edilen tecrii-
beler sonucu Deprem Bolgelerinde Yapilacak Binalar Hakkinda Yénetmelik 2007 yerini Tiirkiye Bina Deprem Yo6-
netmeligi 2019°a birakmustir. Tiirkiye Bina Deprem Yonetmeligi 2019 ile birlikte 1996 yilindan beri kullanilmakta
olan deprem bolgeleri haritasi da yiiriirlikten kaldirilarak yerine yeni hazirlanan Tiirkiye Deprem Tehlike Haritalar:
yurirliige girmistir. Bu ¢alismada Deprem Bolgelerinde Yapilacak Binalar Hakkinda Y6netmelik 2007 den Tirkiye
Bina Deprem Yonetmeligi 2019’a gegilirken yatay tasarim ivme spektrumlarindaki degisim Edirne ili 6zelinde ince-
lenmistir. Bu amagla Deprem Bolgelerinde Yapilacak Binalar Hakkinda Y6netmelik 2007’ye gore 2., 3. ve 4. deprem
bolgesinde yer alan Edirne merkezi ve ilgeleri icin Deprem Bolgelerinde Yapilacak Binalar Hakkinda Yonetmelik
2007 ve Tirkiye Bina Deprem Yonetmeligi 2019’a gére yatay tasarim ivme spektrumlar farkli zemin siiflart ve
deprem yer hareketi diizeyleri igin ayr ayri olugturularak ivme spektrumlarinin, kdse periyotlarinin, koordinata dayali
spektrum katsayilarinin farkli zemin siniflarina gére degisimi irdelenmistir. Caligmada elde edilen karsilagtirmali so-
nuglar, Tiirkiye Bina Deprem Yo6netmeligi 2019°a gore Edirne merkezi ve ilgelerinin tamaminda yatay tasarim spekt-
ral ivmelerinin Deprem Bolgelerinde Yapilacak Binalar Hakkinda Yonetmelik 2007’ye gére daha biiyiik degerler
aldigin1 gostermistir. Edirne merkezi ve ilgeleri i¢in elde edilen sonuglar Tiirkiye Bina Deprem Yo6netmeligi 2019’un
Deprem Bolgelerinde Yapilacak Binalar Hakkinda Yonetmelik 2007 ye gore giivenli tarafta kaldigi soylenebilir.
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Abstract — As a results of the developments in earthquake engineering and technology, the experiences gained from
earthquakes in Turkey and all over the world, Turkish Building Earthquake Code 2007 was abolished and Turkish
Building Earthquake Code 2019 was entered into force. The seismic zone maps that being used since 1996 was abol-
ished and the new Turkish Earthquake Hazard Maps entered into force with Turkish Building Earthquake Code 2019.
In this study the variations of acceleration spectra due to the transition from Turkish Building Earthquake Code 2007
to Turkish Building Earthquake Code 2019 was examined in the province of Edirne. For this purpose, the design
acceleration spectra of Edirne Center and its districts located in the 2nd, 3rd and 4th earthquake zone according to
Turkish Building Earthquake Code 2007, were created and the variation of acceleration spectra, fundamental periods
and coordinate-based spectrums according to Turkish Building Earthquake Code 2007 and Turkish Building Earth-
quake Code 2019 for different site classes and earthquake ground movement levels were examined. The comparatives
results show that according to Turkish Building Earthquake Code 2019, it is concluded that the design spectral accel-
erations of Edirne Center and all of its districts have higher values than Turkish Building Earthquake Code 2007. The
results for Edirne Center and all of its districts it can be said that Turkish Building Earthquake Code 2019 is generally
safer side compared Turkish Building Earthquake Code 2007.
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1. Giris

Depreme dayanikli bina tasarimda amag, binalarin kullanim émrii boyunca bulundugu bolgede olmasi bek-
lenen en biiyiik depremde gogmeden ayakta kalabilmesini ve can giivenligini saglamaktir (Darilmaz, 2018).
Binalara etki edecek deprem yiikleri, dinamik ve statik analiz yontemleri kullanilarak, iki farkli sekilde hesap-
lanmaktadir. Yapisal analiz siiresini kisaltmak ve iglemleri kolaylastirmak amaciyla dinamik analiz yontemi
yerine statik analiz yontemi yaygin olarak kullanilmaktadir (Koger, Nakipoglu, Oztiirk, Al-Hagri ve Arslan,
2018). Diizensizlik icermeyen ya da ¢ok fazla diizensizligi olmayan, az katli binalarin deprem yiiklerinin he-
sabinda kullanilan esdeger deprem yiikii yonteminde binaya etkiyecek deprem yiikii, binanin dogal titresim
periyodu i¢in tasarim spektrum egrisine bagli olarak belirlenen tasarim ivme degeri ile binanin kiitlesi ¢arpila-
rak bulunmaktadir. Binaya etki edecek deprem yiikii bina periyodu ve spektrum egrisinin bir fonksiyonudur.
Depreme dayanikli bina tasarimi ve analizi, her iilkenin kendi kosullarina gore hazirlanan deprem yonetmelik-
leri ile saglanmaktadir. Tiim diinyada deprem yonetmelikleri, deprem ve yap1 mithendisligi alanindaki gelis-
meler 15131nda zaman zaman revize edilmekte veya yenilenmektedir (Incetas ve Tanrikulu, 2002). Tiirkiye’de
Resmi Gazete’de 18.03.2018 tarihinde yayinlanarak 01.01.2019 tarihinde yiiriirliige giren Tiirkiye Bina Dep-
rem Yonetmeligi 2019 (TBDY 2019) ile birlikte Deprem Bolgelerinde Yapilacak Binalar Hakkinda Y 6netme-
lik 2007 (DBYBHY 2007) yiriirlikten kalkmistir. TBDY 2019’un yiiriirlige girmesiyle birlikte 1996 yilindan
beri kullanilan Deprem Bolgeleri Haritasi da yiriirliikten kaldirilarak, yerine Tiirkiye Deprem Tehlike Harita-
lar1 2019 (TDTH 2019) yiiriirlige girmistir (Seyrek, 2020; AFAD, 2021). TDTH 2019’da deprem bdlgeleri
haritalarinda oldugu gibi sabit katsayilar ile caligmak yerine kisa periyod ve uzun periyod i¢in ayr1 ayr1 olmak
tizere binanin bulundugu koordinatlara dayali ivme parametreleriyle deprem hesab1 yapilmaktadir (Nemutlu,
Balun, Benli ve Sar1, 2020).

Deprem bdlgeleri haritasindan Tiirkiye Deprem Tehlike Haritalar1 2019°a (TDTH 2019) gecisin yeni olmasi
sebebiyle bu konuyla ilgili yapilan sinirli sayida calisma asagida kisaca 6zetlenmistir.

Sahin, Durucan ve Durucan (2020) ¢alismalarinda TDY 2017 deprem bolgeleri haritasindan kontur igerikli
TDY 2018 deprem tehlike haritasina gegilmesi nedeniyle meydana gelen degisikliklerin binalar tizerindeki
etkilerini degerlendirmistir. Seyrek (2020) ¢aligsmasinda Tiirkiye Deprem Tehlike Haritasin1 Ege Bolgesi igin
irdeleyerek, eski ve yeni sismik tehlike haritalarinin karsilastirilmasimi Ege Bélgesi igin yapmustir. Oztiirk
(2018) galigmasinda Tiirkiye Bina Deprem Yonetmeligi 2018 (TDY 2018) ve Deprem Tehlike Haritalarinin
eski yonetmelikle karsilastirilmasini i¢ Anadolu Bolgesi igin yapmustir. Bozer (2020) ¢alismasinda Deprem
Bolgelerinde Yapilacak Binalar Hakkinda Yonetmelik 2007 ve Tirkiye Bina Deprem Yonetmeligi 2018’¢
gore tanimlanan elastik tasarim spektrumlarinin kisa periyod ve 1.0s periyod bolgelerinde spektral degerlerini
81 il merkezi i¢in hesaplayarak karsilagtirmistir. Koger vd. (2018) c¢alismalarinda deprem risk diizeyi farkli
dort ilin farkli zemin siniflar1 igin DBYBHY 2007 ve TBDY 2018’de tanimlanan spektral ivme degerleri ile
zemin hakim periyodlarin1 bularak, karsilagtirmistir. Nemutlu vd. (2020) ¢alismalarinda DBYBHY 2007 ve
TBDY 2018°deki tasarim ivme spektrumlarint Bingdl ve Elazig il merkezleri i¢in olusturarak farkli zemin
smiflar i¢in tasarim spektrumlari, kdse periyodlart ve ivme degerleri arasindaki farklar irdelemistir. Karaca,
Oral ve Erbil (2020) ¢aligmalarinda TBDY 2019 ve DBYBHY 2007’ye gore Nigde ilinde tasarimi yapilmig
bes adet bina i¢in sismik tehlike yaklasiminin bina tasarimina olan etkilerini irdelemistir. Keskin ve Bozdogan
(2018) caligmalarinda Kirklareli ili 6zelinde DBYBHY 2007 ve TBDY 2018 yonetmeliklerini degerlendirmis-
tir. Akansel, Sosyal, Kadas ve Giilkan (2020) ¢alismalarinda Tiirkiye Deprem Tehlike Haritalar1 2019 ile yii-
rirliikten kalkan 1996 tarihli deprem bdlgeleri haritasi arasindaki farki spektral ivme siddeti dl¢iitii ile incele-
mistir. Ozsahin (2021) ¢alismasinda Tiirkiye Bina Deprem Yonetmeligi 2019 (TBDY 2019)’a gére Kirklareli
ve ilgelerinin deprem yiiklerini 6rnek binalar i¢in hesaplamis, TBDY 2019 ve DBYBHY 2007’ye gore buldugu
esdeger deprem yiiklerini karsilagtirmigtir. Karasin vd. (2020) ¢aligmalarinda Tiirkiye’deki yedi farkli cografi
bolgeden birer il segerek cografi konumun, hem deprem parametrelerine hem de yapi performans hesaplama-
larin1 hangi diizeyde etkiledigini incelemistir. Sucuoglu (2019) ¢aligmasinda Tiirkiye Bina Deprem Y 6netme-

591



Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 4, Sayfa: 590-608

ligi 2018’deki yenilik ve gelismeleri yonetmelik i¢erindeki sirasina uygun olarak sunmustur. Siimer ve Ham-
sici (2020) g¢alismalarinda TBDY 2018 ile deprem yer hareketi spektrum hesabindaki degisikligin binaya etki
eden deprem kuvveti ve binada olusan deplasman degerlerindeki degisime etkisini arastirmistir.

Bu calismada onceki galigmalara katki saglayacak sekilde DBYBYY 2007’ye gore 2., 3. ve 4. deprem bolge-
sinde olan Edirne merkezi ve 8 ilgesindeki toplam 73 mahalle i¢in binalara etki eden deprem yiiklerinin belir-
lenmesinde kullanilan yatay tasarim ivme spektrumlar farkli zemin siniflart ig¢in DBYBHY 2007 ve TBDY
2019 esas alinarak incelenmistir.

2. Materyal ve Yontem
2.1. Spektrum Kavramm

Dinamik analiz yontemlerinin uzun zaman alan hesaplar gerektirmesi nedeniyle spektral analiz yontemi
giliniimiizde halen yaygin kullanima sahiptir. Deprem etkisi altinda binanin davranisini belirleyen 6zellikleri
iceren daha genel ve basitlestirilmis yontemler uygulamada yaygin olarak kullanilmaktadir (Keskin ve
Bozdogan, 2018). Bu yontemlerde temel dinamik 6zellik olarak binanin yanal titresim periyodlar1 goz oniine
almmakta ve basitlestirme olarak sistem tek serbestlik dereceli sisteme indirgenmekte, deprem siiresince
olusan kuvvetler ve yer degistirmelerin zaman ile degisiminin belirlenmesi yerine bunlarin en biiyiik degerleri
hesaplanmakta, en biiylik etkilere dayanikli bir binanin daha kiiciik etkilere de dayanikli olacagi kabul
edilmektedir (Darilmaz, 2018). Tepki spektrumu ayni soniim oranina, fakat farkli dogal titresim periyoduna
sahip tek serbestlik dereceli sistemlerin belirli bir deprem yer hareketine karsi gosterdigi en biiyiik yer
degistirme, hiz veya ivme tepkilerinin frekans veya periyoda karst degisimini temsil eden egrilerdir (Sekil 1)
(Darilmaz, 2018; Koger vd., 2018).

ivme

>
T, periyotiu
WV sistemin davranisi

A

t
Zaman (s) &

T=0,&

Sekil 1. Tepki spektrumunun grafiksel gosterimi (Darilmaz, 2018)

Tepki spektrumlart meydana gelen belirli bir deprem kaydi etkisinde belirli bir séntim orani i¢in olusturuldugu,
depremden depreme ve zemin kosullarina gore farklilik gosterdigi icin gelecekte olusacak depremleri ne derece
temsil edecegi belirsizdir. Depreme dayanikli tasarimda genellikle gelecekte meydana gelmesi olast yer
hareketlerinin binalar {izerindeki etkilerinin degerlendirilmesi gerekmektedir. Tasarim spektrumlar1 yeni
yapilarin tasariminda kullanilacak deprem yiiklerini belirlemek amaciyla kullanilmaktadir. Binalara etki eden
deprem ytikiiniin belirlenmesinde deprem yonetmeliklerinde verilen tasarim spektrum egrileri kullanilmaktadir
(Koger vd., 2018).

Tasarim spektrumlar1 hazirlanirken incelenen boélgede gegmiste meydana gelmis depremler goz Oniine
alinarak, gelecekte meydana gelmesi olasi depremlerin belirlenmesi amaglanmaktadir (Nemutlu vd., 2020).
Tasarim spektrumlart bircok deprem kaydi kullanilarak bunlarim sonuglar1 istatiksel yontemlerle
degerlendirilerek elde edilir, analiz ve boyutlandirma icin gerekli karakteristikleri icerir (Darilmaz, 2018;
Nemutlu vd., 2020). Deprem hareketinin spektrumu zemin kosullarindan 6nemli derece etkilendiginden, farklt
zemin kosullarina iliskin spektrum egrilerinin birbiriyle karsilastirilabilmesi i¢in normalize edilmesi

592



Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 4, Sayfa: 590-608

gerekmektedir (Darilmaz, 2018). Deprem yonetmeliklerinde binalarin deprem tasarimi igin genellikle
normallestirilmis bir tasarim ivme spektrumu onerilmektedir (Koger vd., 2018).

2.2. DBYBHY 2007 ve TBDY 2019 Yénetmeliklerine Gore Yatay ivme Spektrumlar

DBYBHY 2007°de tasarim ivme spektrumlarinin belirlenmesinde deprem riskinin bolgesel olarak gdste-
rildigi 1996 tarihli deprem bolgeleri haritasi kullanilmistir. Bu haritada deprem bolgeleri, 50 yilda agilma ola-
siligt %10 ve doniis periyodu 475 yil (standart tasarim depremi) olan PGA esas alinarak belirlenmistir.
DBYBHY 2007°de Tiirkiye, deprem riski agisindan bes bolgeye ayrilmistir (Sahin vd., 2020). DBYBHY
2007°de %5 sonlim orani i¢in tanimlanan elastik ivme spektrumunun ordinatlar1 olan elastik spektral ivme
Sae(T), spektral ivme katsayist A(T) ile yer ¢ekimi ivmesine (g) bagli olarak (2.1) bagintisi ile bulunur.

Se(M=A(T)g (2.2)

Spektral ivme katsayist A(T) ise etkin yer ivme katsayist (Ag), bina dnem katsayisi (I) ve spektrum katsayisi
S(T)’ye bagli olarak (2.2) bagintisi ile hesaplanmaktadir.

A(T)=A,.1.5(T) (2.2)

DBYBHY 2007°de etkin yer ivme katsayisi (Ao) 1. derece deprem bolgesinden 4. derece deprem bolgesine
kadar deprem bdlgeleri icin sirasiyla 0.4, 0.3, 0.2 ve 0.1 seklinde verilmistir. DYBYBHY 2007°de 5. derece
deprem bolgesi ise depremselligin olmadigi bolge olarak tanimlanmistir.

DBYBHY 2007’de spektrum katsayis1 S(T), yerel zemin kosullarina bagh spektrum karakteristik periyotlar
(Ta, Tg) ve bina dogal periyodu (T)’ye bagli olarak (2.3) bagintis1 ile bulunur.

1+1,5l «—0<T<T,ise
A

S(M={ 25 T, <T<T,ise (2.3)

T 08
2,5[?] « T, <T ise

(2.3) bagintisinda, elastik tasarim ivme spektrum karakteristik periyotlart Ta, Tg yerel zemin sinifina gore
degismekle birlikte sabit katsayilardir. DBYBHY 2007 elastik tasarim ivme spektrum egrisi Sekil 2’de veril-
mistir.

S(T)

S(1)=2.5(Ta/T)"S

T
T, Ty T

Sekil 2. DBYBHY 2007 elastik tasarim ivme spektrumu

DBYBHY 2007°de en iyi zeminden en k&tii zemine dogru zemin 6zelliklerini ifade eden A, B, C ve D zemin
gruplarina ve binanin bulundugu zemin katmaninin kalinligina gore 4 farkli yerel zemin smnifi, en iyiden en
kétiiye dogru Z1, Z2, 73 ve Z4 olarak tanimlanmustir.
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Depremde bina tastyici sisteminin dogrusal elastik olmayan davranisin1 géz oniine almak tizere, spektral ivme
katsayisina gore bulunan elastik deprem yiikii, deprem yiikii azaltma katsayisina Ra(T) boliinerek azaltilmak-
tadir. DBYBHY 2007’de deprem yiikii azaltma katsayis1 Ra(T), tastyict sistem davranig katsayist (R), binanin
dogal titresim periyodu (T) ve spektrum kose periyodu Ta’ya bagl olarak (2.4) bagintisi1 yardimiyla belirlen-
mektedir.

15+ (R -15)-- < 0<T<T, ise
Ra(T) = T, (2.4)

R « T, <Tise

TBDY 2019 ve TDTH 2019 ile birlikte deprem bolgeleri kavrami tamamen ortadan kalkmis ve deprem tehli-
kesi taniminda esasl degisiklige gidilmistir. Binaya etkiyen deprem yiiklerinin belirlenmesinde etkili olan
TDTH 2019°da deprem riski spektral ivme cinsinden verilmektedir. TBDY 2019°da yatay elastik ivme spekt-
rumunun ordinatlari olan yatay elastik tasarim spektral ivmesi Sa(T), tasarim spektral ivme katsayilar1 (Sps ve
So1) ile bina dogal periyodu (T) ve yatay spektrum kose periyotlarina (Ta ve Tg) bagli olarak (2.5) bagintisi
ile bulunur.

T .
(0,4+0,6T—JSDS «—0<T<T,ise

A
5.(T) Sps «—T,<T<Tgise 25)
¢ % T, <T<T ise '
Spie T,
T2

«~ T <Tise

Tasarim ivme spektrumunun hesabinda kullanilan harita spektral ivme katsayilar1 (Ss ve S1), T=0.2s ve T=1.0s
periyotlarda referans zemin kosullar1 dikkate alinan deprem yer hareketi diizeyi (DD) i¢in TDTH’den binanin
bulundugu yerin koordinatlarina bagli olarak okunmaktadir. Harita spektral ivme katsayilar1 50 yilda agilma
olasilig1 %2, %10, %50 ve %68 olan dort farkli deprem yer hareketi diizeyi (DD) i¢in elde edilmektedir. TBDY
2019’da so6z konusu deprem yer hareketi, en yiiksekten en diisiik diizeye olmak {izere DD-1, DD-2, DD-3 ve
DD-4 olarak tanimlanmaktadir. DBYBHY 2007’de 50 yilda asilma olasiligi %10, tekrarlanma periyodu 475
yil olan tasarim depreminin TBDY 2019°daki karsiligi DD-2"dir.

Harita spektral ivme katsayilar1 Ssve Si, zemin kosullarini yansitan yerel zemin etki katsayilar1 Fs ve Fy ile

carpilarak, tasarim spektral ivme katsayilar1 Sps Ve Spi’e (2.6) bagintisi ile doniistiiriilmektedir.

Sps =Ss - F (2.6)

TBDY 2019’da yatay spektrum kose periyodlari Ta ve Tg, (2.7) bagintisi ile belirlenir. Yatay spektrumun sabit
yer degistirme bolgesine gecis periyodu T.= 6 s alinmaktadir.

S
TA:O,Z.i : TB:ﬂ (27)

DS DS

w

wn
w

TBDY 2019 yatay elastik tasarim ivme spektrum egrisi Sekil 3’te verilmistir.
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5. (T)

Sps

Spi ]

045,57

T [l ) |l 7 r

A

Sekil 3. TBDY 2019 yatay elastik tasarim ivme spektrumu

TBDY 2019°da en iyi zeminden en kétiiye dogru ZA, ZB, ZC, ZD, ZE ve ZF olmak iizere 6 farkli yerel zemin
sinifi tanimlanmaktadir. TBDY 2019°da en kotii zemini ifade eden ZF yerel zemin sinifi, sahaya 6zel arastirma
ve degerlendirme gerektirmektedir.

TBDY 2019’da deprem yiikii azaltma katsayisi, tasiyici sistem davranig katsayisi (R), dayanim fazlaligi kat-
sayist (D), bina 6nem katsayis1 (I), binanin dogal titresim periyodu (T) ve Tg spektrum kose periyoduna bagl
olarak (2.8) bagintis1 ile hesaplanmaktadir.

? «—T>T, ise
Ra(T) = (2.8)

D+(R D)_I_l «—T<T; ise

I B

Binalarin ger¢ek dayanimlari tasarimda gz 6niine alinan dayanimdan fazla olup, s6z konusu bu fazlalik binada
deprem etkilerine kars1 gerektiginde kullanilabilecek ek bir kapasite olugturmaktadir. Dayanim fazlalig1 kat-
sayist (D) bu fazlaligin 6l¢iisiinii géstermekte olup, gercek dayanim ile tasarim dayaniminin orani olarak ta-
nimlanmaktadir (Darilmaz, 2018). TBDY 2019’da tiim bina tiirleri i¢in tasiyici sistem ozelliklerine ve stineklik
diizeylerine bagli olarak dayanim fazlaligi katsayilar1 (D) verilmektedir.

2.3. Cahsmada incelenen Bolge

Calisma kapsaminda incelenen Edirne il merkezi ve ilgelerinin DBYBHY 2007 ve TBDY 2019 ydnetme-
liklerine gore yatay tasarim ivme spektrumlart incelenmistir (Sekil 4). DBYBHY 2007 ve 1996 tarihli deprem
bolgeleri haritasina gore Enez, Kesan ilceleri 2. derece deprem bélgesinde, Ipsala ilgesi 3. derece deprem bol-
gesinde, Merkez il¢e, Uzunkdprii, Siiloglu, Merig, Lalapasa ve Havsa ilgeleri ise 4. derece deprem bolgesin-
dedir. Edirne merkezi ve il¢elerindeki toplam 73 mahallenin tasarim ivme spektrumlart farkli yerel zemin si-
niflar1 ve deprem yer hareketi diizeyleri igin DBYBHY 2007 ve TBDY 2019’a gore olusturularak, karsilagti-
rilmigtir. Edirne merkezi ve ilgelerinin spektral ivme degerleri ve bu degerlere gore zemin hakim periyotlar
DBYBHY 2007 ve TBDY 2019’a gore belirlenmis ve karsilagtirilmistir. Ayrica DBYBHY 2007°den TBDY
2019’a gecilirken yatay tasarim spektrumlarinin Edirne’deki bina stogunu temsil edebilecek drnek bir beto-
narme konut binasi i¢in esdeger deprem kuvvetleri ve tepe yer degistirmesi tizerindeki degisimi incelenmistir.
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BULGARISTAN

ISARETLER
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R0
Lie
=

|

Sekil 4. Edirne ilgeleri haritas1 (Cografya Harita, 2021)

Tasarim ivme spektrumlari, spektral ivme degerleri ve zemin hakim periyodlart DBYBHY 2007°de tanimlanan
Z1,72,73, 74 yerel zemin siniflari, TBDY 2019°da tanimlanan ZA, ZB, ZC, ZD, ZE yerel zemin siniflar1 ve
DD-1, DD-2, DD-3, DD-4 deprem yer hareketi diizeyleri igin ayr1 ayr elde edilmistir.

TBDY 2019°da verilen yerel zemin siniflar1 tablosu ile DBYBHY 2007’de verilen zemin gruplar ve yerel
zemin siniflar1 tablosu incelenerek, bu ¢alismada yapilan karsilastirmalarda DBYBHY 2007°deki Z1 yerel
sinifinin TBDY 2019°da ZA, ZB yerel zemin siniflarina, DBYBHY 2007’deki Z2 yerel zemin sinifiin TBDY
2019’da ZC yerel zemin smifina, DBYBHY 2007°deki Z3 yerel zemin sinifimn TBDY 2019°da ZD yerel
zemin sinifina ve DBYBHY 2007’deki Z4 yerel zemin sinifinin TBDY 2019°da ZE yerel zemin sinifina kar-
silik geldigi kabul edilmistir.

3. Bulgular ve Tartisma

3.1. Edirne Merkezi ve flcelerinin DBYBHY 2007 ve TBDY 2019°a Gore Yatay Tasarim Spektrumlari

DBYBHY 2007 yonetmeligine gore spektral ivme degerleri deprem bolgeleri i¢in tanimlanan etkin yer
ivme katsayilar1 (Ao) kullanilarak belirlenirken, TBDY 2019 yonetmeligine gore spektral ivme degerleri ¢alis-
mada incelenen Edirne merkezi ve ilgelerinin koordinatlaria bagli olarak TDTH 2019’dan elde edilmistir.
Edirne merkezi ve ilgelerinin TBDY 2019’a gore yatay tasarim spektrum egrileri yonetmelikte tanimlanan ZA,
ZB, ZC, ZD, ZE yerel zemin siifi ve DD-1, DD-2, DD-3, DD-4 yer hareketi diizeyi igin ayr1 ayr1 gruplandi-
rilarak ¢izilmistir. DBYBHY 2007’ye gore yatay tasarim spektrum egrileri yonetmelikte tanimlanan Z1, Z2,
Z3, Z4 yerel zemin sinifi ve DD-2 standart deprem yer hareketi diizeyi igin ¢izilmistir.

Edirne merkezi ve ilgeleri i¢in olusturulan yatay tasarim spektrum egrilerinin tamaminin verilmesi durumunda
calismanin sayfa sayisi siir1 asilacagi i¢in 6rnek olmasi agisindan Edirne Merkez ve Enez ilgesinin yatay
tasarim spektrum egrileri Sekil 5-6’da verilmistir.
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Sekil 5. Edirne merkez ilgesinde farkli zemin siniflari ve deprem yer hareketi diizeyleri i¢in DBYBHY 2007
ve TBDY 2019’a gore yatay tasarim spektrumlari

Sekil 5-6’da Edirne Merkez ve Enez ilgeleri i¢in olusturulan yatay tasarim ivme spektrumlari incelendiginde,
DBYBHY 2007’de ivme spektrumlarinin ayni deprem bolgesinde degisiklik gostermedigi, TBDY 2019°da ise
TDTH 2019’dan okunan ivme parametrelerinin koordinat odakli olarak degismesinden dolay1 ayni deprem
bolgesinde bulunan ilgelerdeki farkli mahallelerde ivme spektrumlarinin degistigi goriilmektedir. DBYBHY
2007’de binaya etki edecek en biiyiik ivme degeri spektrumda 2.5 iken, TBDY 2019°da en biiyiik ivme degeri
TDTH 2019’dan okunan Sps ile degisen degerler almaktadir.
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Sekil 6. Enez il¢esinin farkli zemin siniflar1 ve deprem yer hareketi diizeyleri icin DBYBHY 2007 ve TBDY

2019’a gore yatay tasarim spektrumlari

DBYBHY 2007’de binanin bulundugu deprem bolgesine gore etkin yer ivme katsayisi (Ao) ile tasarim spekt-
rumu ordinatlar diisey yonde olgeklendirilirken, TBDY 2019°da bu hesap Ss ve Si spektral ordinatlari ile
yapilmaktadir. DBYBHY 2007’de ivme spektrumlar1 tek bir spektrum egrisi ile ifade edilirken, TBDY
2019’da ayni yerel zemin sinifinda yonetmelikte tanimlanan deprem yer hareketi diizeyleri i¢in 4 farkli spekt-
rum egrisi ile ifade edilmektedir. TBDY 2019 spektrum egrileri, deprem yer hareketi diizeylerine gore degis-
mektedir. TBDY 2019’da tanimlanan deprem yer hareketi diizeylerine gore en bilyiik ivme degerleri DD-1’de
gortliir iken, en kiigiik ivme degerleri DD-4’de goriilmektedir (Nemutlu vd., 2020). DBYBHY 2007’de en
biiyiik tasarim spektral ivmesi ayni deprem boélgesinde biitiin zemin siniflart i¢in ayn1 olup, bina periyodunun
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belirli bir degerden az olmasi durumunda biitiin binalar tiim zemin kosullar1 i¢in ayn1 tasarim ivmesi ile yiik-
lenmektedir. TBDY 2019 tasarim spektrumunun tepe degeri olan kisa periyot spektral ivmeleri (Sps) binanin
konumuna gore degismekte, binalar farkli tasarim ivmesi ile yliklenmektedir. Bu sebeple bina tasariminda
TBDY 2019 spektral ivmelerinin kullanilmasi durumunda DBYHBHY 2007’ye gore daha gercekei sonuglar
elde edilmektedir.

3.2. Edirne Merkezi ve il¢elerinin DBYBHY 2007 ve TBDY 2019’a Gére Yatay Tasarim Spektrumla-
rinin Karsilastirilmasi

TBDY 2019 ve DBYBHY 2007 yonetmeliklerine gore yatay tasarim spektrum egrilerinin karsilastirilmasi
icin olusturulan grafiklerin tamaminin verilmesi durumunda c¢alisma sayfa sayisi siir1 asilacagi i¢in 6rnek
olmas1 agisindan Edirne Merkez, Enez ve Ipsala ilgeleri igin spektrum egrileri Sekil 7, 8, 9°da verilmistir.
Spektrum egrilerinin karsilastirilmasi, DBYBHY 2007’de tanimlanan standart tasarim depremi yer hareketi
diizeyi ve standart tasarim depreminin TBDY 2019’daki karsilig1 olan DD-2 deprem yer hareketi diizeyi i¢in
yapilmistir. TBDY 2019 ve DBYBHY 2007’ye gore yatay tasarim spektrum egrilerinin karsilastirilmasinda
TBDY 2019°da tanimlanan ZA, ZB, ZC, ZD ve ZE yerel zemin siniflarinin DBYBHY 2007’deki karsiligi
stirastyla Z1, Z1, Z2, Z3 ve Z4 olarak kabul edilmistir.
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Sekil 7. Edirne merkez ilgesinin DD-2 deprem yer hareket diizeyi ve farkli yerel zemin siniflar1 igin DBYBHY
2007 ve TBDY 2019 yatay tasarim spektrumlarinin karsilastiriimasi

Edirne merkez ilgesinin TBDY 2019 DD-2 deprem yer hareketi diizeyi i¢in olusturulan, Sekil 7°de verilen
yatay tasarim spektrum egrileri incelendiginde, TBDY 2019’a gore belirlenen spektral ivme degerlerinin tiim
zemin siniflar1 igcin DBYBHY 2007 spektral ivme degerlerinden biiyiik oldugu goriilmektedir. Yerel zemin
siiflart ZA’dan ZE’ye dogru gittikge TBDY 2019’a gore belirlenen spektral ivme degerleri biiylimekte ve
DBYBHY 2007’ye gore belirlenen spektral ivme degerleri ile arasindaki farklar artmaktadir. ZA-Z1 ve ZB-
Z1 yerel zemin smiflarinda T=1.50s’den biiyiik periyotlar icin DBYBHY 2007 ile TBDY 2019 spektral ivme
degerleri birbirine ¢ok yakin degerler almakta, yatay spektrum egrileri bu bolgede ¢akigmaktadir.
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Sekil 8. Enez ilgesinin DD-2 deprem yer hareketi diizeyi ve farkli yerel zemin smiflart igin DBYBHY 2007 ve
TBDY 2019 yatay tasarim spektrumlarinin karsilastirilmasi

Enez ilgesinin TBDY 2019 DD-2 deprem yer hareketi diizeyi i¢in olusturulan, Sekil 8’de verilen yatay tasarim
spektrum egrileri incelendiginde, ZA-Z1 yerel zemin sinifinda DBYBHY 2007 nin spektral ivme degerlerinin
TBDY 2019 spektral ivme degerlerinden biiyiik oldugu goériilmektedir. Diger zemin siniflarinda T=0.30 s’den
daha kiigiik periyotlar icin TBDY 2019 spektral ivme degerlerinin, DBYBHY 2007 spektral ivme degerlerin-
den biiytik, 0.30 s’den biiyiik periyotlar icin ise kiigiik oldugu goriilmektedir. Zemin siniflar1 ZB’den ZE’ye
dogru gittikce, TBDY 2019 ve DBYBHY 2007 spektral ivme degerleri arasindaki farklar artmaktadir.

Havsa ilgesinin TBDY 2019 DD-2 deprem yer hareketi diizeyi i¢in olusturulan yatay tasarim spektrum egrileri
incelendiginde, TBDY 2019’a gore belirlenen spektral ivme degerlerinin tiim zemin siniflar1 icin DBYBHY
2007 spektral ivme degerlerinden biiylik oldugu goriilmektedir. Zemin siniflar1 ZA’dan ZE’ye dogru gittikge
TBDY 2019 spektral ivime degerlerinde DBYBHY 2007’ye gore artis goriilmekte ve spektral ivme degerleri
arasindaki fark artarak, daha belirgin olmaktadir. ZA-Z1 ve ZB-Z1 zemin siniflarinda T=1.90s’den biiyiik
periyotlar igin DBYBHY 2007 ve TBDY 2019 spektral ivme degerleri birbirine ¢ok yakin degerler almakta,
yatay spektrum egrileri bu bolgede ¢akigmaktadir.
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Sekil 9. Ipsala ilgesinin DD-2 deprem yer hareketi diizeyi ve farkli yerel zemin siiflar1 icin DBYBHY 2007
ve TBDY 2019 yatay tasarim spektrumlarinin karsilastirilmasi

Ipsalailgesinin TBDY 2019 DD-2 deprem yer hareketi diizeyi i¢in olusturulan, Sekil 9’da verilen yatay tasarim
spektrum egrileri incelendiginde, ZA-Z1 ve ZB-Z1 zemin siniflarinda T=0.50s’den daha kiiciik periyot deger-
leri icin TBDY 2019 spektral ivme degerlerinin DBYBHY 2007 spektral ivme degerlerinden biiyiik oldugu,
T=0.50s’den biiyiik periyotlar igin TBDY 2019 spektral ivme degerlerinin DBYBHY 2007 spektral ivme de-
gerlerinden kii¢iik oldugu goriilmektedir. Diger zemin siniflarinda T=3.0s’den biiyiik periyotlar igin DBYBHY
2007 ve TBDY 2019 spektral ivme degerleri birbirine esit degerler almakta, bu bolgede yatay spektrum egrileri
cakismaktadir.

Kesan ilgesinin TBDY 2019 DD-2 deprem yer hareketi diizeyi i¢in olusturulan yatay tasarim spektrum egrileri
incelediginde ZA-Z1 ve ZB-Z1 zemin siniflarinda DBYBHY 2007 spektral ivme degerlerinin TBDY 2019
spektral ivme degerlerinden biiylik oldugu goriilmektedir. Diger zemin siniflarinda T=1.0s’den daha kiigiik
periyotlar igin TBDY 2019 spektral ivme degerlerinin TBDY 2019 spektral ivme degerlerinden biiyiik,
T=1.0s’den biiyiik periyotlar icin TBDY 2019 spektral ivme degerleri DBYBHY 2007 spektral ivme degerle-
rinden kiigiiktiir. Zemin siniflar1 ZC’den ZE’ye dogru gittikce, DBYBHY 2007 ve TBDY 2019 spektral ivime
degerleri arasindaki farklar artarak, daha belirginlesmektedir.

Lalapasa, Merig, Siiloglu ve Uzunkdprii ilgelerinin TBDY 2019 DD-2 deprem yer hareketi diizeyi i¢in olustu-
rulan yatay spektrum egrileri incelendiginde TBDY 2019 spektral ivme degerlerinin neredeyse tiim zemin
smiflari icin DBYBHY 2007 spektral ivme degerlerinden biiyiik oldugu goriilmektedir. Zemin siniflar1 ZA’dan
ZE’ye dogru gittikce, TBDY 2019’a gore belirlenen spektral ivme degerleri biiylimekte ve DBYBHY 2007’ye
gore belirlenen spektral ivme degerleri ile arasindaki farklar artmaktadir. ZA-Z1 ve ZB-Z1 yerel zemin sinif-
larinda T=1.0s’den biiyiik periyot degerleri icin DBYBHY 2007 ve TBDY 2019 spektral ivme degerleri bir-
birine ¢ok yakin degerler almakta, yatay spektrum egrileri bu bolgede cakismaktadir.

Calisma kapsaminda incelenen Edirne merkezi ve ilgelerindeki mahallelerin etkin yer ivme katsayilari (Ao)
DBYBHY 2007°den alinirken, TBDY 2018 i¢in en biiyiik yer ivmesi (PGA) il¢elerdeki mahallelerin konum-
larina bagli olarak TDTH’dan okunmustur. Edirne merkez ve ilgelerinin standart tasarim depremi (DD-2) i¢in
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DBYBHY 2007 deprem bdlgeleri i¢in etkin yer ivme katsayilar1 (Ag) ile TDTH’ dan okunan en biiyiik yer
ivmesi degerlerinin (PGA) en kiiglik, en biiyiik ve ortalama degerlerinin karsilastirmasi Tablo 1°de verilmistir.

Tablo 1
DBYBHY 2007 ve TBDY 2019’a goére DD-2 tasarim depremi i¢in Edirne merkez ve ilgelerinin PGA degerleri
Yerlesim DBYBHY DBYBHY TBDY 2019 PGA (g) PGAz015/PGAgor
Yeri 2007 2007 En Ortalama En En Ortalama En
Deprem PGA Kiigiik Biiyiik Kiiciik Biiyiik
Bolgesi (9)
Eﬁd;rrlr(‘sz 4 0.10 0.180 0.181 0.184 1.80 1.81 1.82
Enez 2 0.30 0.355 0.363 0.372 1.18 121 1.24
Havsa 4 0.10 0.173 0.174 0.174 1.73 1.74 1.74
ipsala 3 0.20 0.277 0.280 0.283 1.39 1.40 1.42
Kesan 2 0.30 0.274 0.310 0.333 0.91 1.03 111
Lalapasa 4 0.10 0.167 0.168 0.169 1.67 1.68 1.69
Merig 4 0.10 0.196 0.197 0.198 1.96 1.97 1.98
Siiloglu 4 0.10 0.166 0.166 0.167 1.66 1.66 1.67
Uzunképrii 4 0.10 0.185 0.194 0.217 1.85 1.94 2.17

Tablo 1 incelendiginde Edirne merkezi ve ilgelerinin tamaminda TBDY 2019’a gore elde edilen en biiyiik yer
ivme degerlerinin (PGA), DBYBHY 2007’ye gore biiyiik oldugu goriilmektedir. TBDY 2019 ivme degerleri-
nin DBYBHY 2007’ye gore, DBBHY 2007’de 4. derece deprem bdlgesinde olan ilgelerde ortalama 1.66-1.94
kat, 3. derece deprem bolgesinde olan ilgede ortalama 1.40 kat ve 2. derece deprem bdlgesinde olan ilgelerde
ortalama 1.03-1.21 kat arttig1 gorilmektedir. Caligma kapsaminda incelenen bolgede ivme oranlarindaki en
biiylik artisin DBYBHY 2007’ye gore 4. derece deprem bolgesinde olan ilgelerdeki mahallelerde oldugu,
DBYBHY 2007’ye gore deprem riskinin daha fazla oldugu 3. ve 2. derece deprem bolgelerindeki mahallelerde
ise ivme oranlarindaki artigin daha az oldugu gozlenmistir.

Edirne merkezi ve ilgelerinin DD-2 deprem yer hareketi diizeyi i¢in yatay tasarim spektrumu kdse periyotlari-
nin DBYBHY 2007 ve TBDY 2019’a gore degisimi Tablo 2’de verilmistir.

Tablo 2

DBBYBHY 2007 ve TBDY 2019’a gore DD-2 tasarim depremi i¢in Edirne merkez ve ilgelerinin zemin hakim

periyotlari
Yerlesim DBYBHY 2007 TBDY 2019
Yeri Z1 Z2 73 Z4 ZA ZB ZC ZD ZE

TA 7B TA 7B TA 7B TA 7B TA TB TA TB TA TB TA TB TA TB

Edirne
Merkez 006 031 006 028 007 035 010 050 013 064
Enez 006 02 005 025 007 036 010 05 015 073
Havsa 007 034 006 030 0038 039 011 053 013 064
Ipsala 006 031 005 027 008 037 011 053 014 070
Kesan 010 030 015 040 015 060 020 09 006 030 005 027 008 038 011 054 015 073
Lalapasa 006 031 006 028 007 03 010 049 013 062
Merig 007 034 006 030 008 039 011 05 014 070
Siiloglu 006 032 006 029 007 037 010 051 013 064
Uzunkoprii

007 034 006 030 008 040 011 055 014 069

Edirne merkezi ve ilgelerinin kdse periyotlar, DBYBHY 2007’ye gore farkli deprem boélgesinde olan aymi
zemin siniflar1 i¢in ayni1 degerler almaktadir. TBDY 2019’a gore Edirne merkezi ve ilgelerinin benzer zemin

kosullarinda kdse periyotlar1 Sps ve Spi’e bagli oldugu igin farkli degerler almaktadir. DBYBHY 2007°de kdse
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periyotlar1 bolgesel olarak degismezken, TBDY 2019°da kdse periyotlar1 bolgesel olarak degismekte, farkli
degerler almaktadir. DBYBHY 2007°de kdse periyotlar1 Ta ve Tg, yerel zemin siifina bagl katsayilar iken
TBDY 2019°da Ta ve Tg kose periyotlar1 binanin bulundugu yerin konumuna bagli olarak TDTH’dan okunan
Sps ve Spi spektral ivme degerlerine bagl olarak degismektedir.

Edirne merkezi ve ilgeleri icin TBDY 2019 yonetmeligine gore yatay tasarim spektrumlarinin olusturulma-
sinda kullanilan koordinata bagli parametreler olan Spsve Spi degerleri ve bu degerlerinin DBYBHY 2007
yonetmeligindeki karsiliklar1 Tablo 3 ve Tablo 4’te verilmistir.

Tablo 3
TBDY 2019’a gore DD-2 tasarim depremi i¢in Edirne merkez ve ilgelerinin spektral ivme katsayilar
Yerlesim ZA ZB ZC ZD ZE
Yeri Spbs Sp1 Sbs So1 Sobs So1 Spbs Sp1 Spbs Sp1
Eﬂd;:EzZ 0.341 0.106 0.384 0.106 0.554 0.199 0.622 0.309 0.813 0.518
Enez 0.702 0.201 0.789 0.201 1.053 0.375 1.008 0.525 1.051 0.763
Havsa 0.327 0.110 0.368 0.110 0.532 0.206 0.602 0.320 0.800 0.496
Ipsala 0.536 0.164 0.603 0.164 0.825 0.308 0.847 0.449 0.957 0.671
Kesan 0599 0182 0.674 0182 0902 0341 0.902 0488 0980 0.719
Lalapasa 0.316 0.098 0.356 0.098 0.513 0.185 0.586 0.290 0.788 0.491
Merig 0.374 0127 0420 0127 0607 0.238 0.666 0.363 0.837 0.583
Silloglu 0311 0101 0352 0101 0508 0.189 0581 0.296 0.784  0.499

Uzunkdprii 0.366 0.125 0.412 0.125 0.594 0.235 0.656 0.358 0.832 0.578

Tablo 4

DBYBHY 2007’ye gore DD-2 tasarim depremi igin Edirne merkez ve ilgelerinin spektral ivme katsayilar
Yerlesim Yeri Z1-72-73-Z4 Z1 Z2 Z3 Z4

Spbs Sp1 So1 Sp1 Sp1

Edirne Merkez 0.25 0.095 0.120 0.166 0.230
Enez 0.75 0.286 0.360 0.498 0.698
Havsa 0.25 0.095 0.120 0.166 0.230
Ipsala 0.50 0.191 0.240 0.332 0.460
Kegan 0.75 0.286 0.360 0.498 0.698
Lalapasa 0.25 0.095 0.120 0.166 0.230
Merig 0.25 0.095 0.120 0.166 0.230
Silloglu 0.25 0.095 0.120 0.166 0.230
Uzunkoprii 0.25 0.095 0.120 0.166 0.230

Tablo 3 incelendiginde Enez ilgesi disinda tiim ilgelerde ZA zemin sinifindan ZE zemin sinifina dogru Sps
degerlerinde artis meydana gelmektedir. Enez ilgesinde ise ZA zemin sinifinda ZC zemin sinifina dogru gidil-
dik¢e Sps degerleri artarken, ZC zemin simifindan ZE zemin sinifina dogru gidildik¢e Sps degerleri azalmak-
tadir. Edirne merkezi ve ilgelerinin tamaminda Sp; degerleri, ZA zemin sinifindan ZE zemin sinifina dogru
gidildikce artmaktadir. Bunun sebebi, TBDY 2019’da zemin kosullarimi yansitan yerel etki katsayilarinin Fs
ve F1, spektral ivme katsayilar1 Ss ve S1’in degerine gore farkli zemin siiflari i¢in degismesidir. Ornegin Enez
ilgesinde TDTH dan okunan Ss=0.877 degeri icin kisa periyot yerel zemin etki katsayis1 Fs, ZA zemin sini-
findan ZC zemin sinifina kadar artarken, ZC zemin sinifindan ZE zemin sinifina kadar azalmakta ve S1=0.250
degeri i¢in 1.0 s periyot yerel etki katsayisi F1, ZA zemin sinifindan ZE zemin sinifina kadar artmaktadir. Tablo
4’ten goriildiigii izere DBYBHY 2007’de tasarim spektral ivme katsayisi, Sps, ayn1 deprem bolgesinde farkli
zemin siiflari igin degismezken, 1.0 saniye periyot i¢in tasarim spektral ivme katsayisi, Sp1, spektrum egrisi-
nin azalan bolgesinde kaldig1 i¢in zemin siiflarindan etkilenmekte ve farkli degerler almaktadir. Tablo 3-4 ile

603



Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 4, Sayfa: 590-608

Sekil 5-9’dan goriildiigii tizere DBYBHY 2007°de Ta ve Tg spektrum kose periyotlart zemin kosullarina gore
degisse de tasarim spektrumunun sadece azalan bolgesi zemin kosullarindan etkilenmektedir. TBDY 2019°da
ise Ta ve Tg spektrum kose periyotlar1 zemin kosullarina gore degismekte ve tasarim spektrumunun tim bol-
geleri (ivme, hiz, deplasman) zemin kosullarindan etkilenmekte yerel zemin sinifina gore diizeltilmis Sps ve
Soa spektral ordinatlarina gére spektrum egrisindeki platonun uzunlugu degismektedir.

DBYBHY 2007’ye gore 4. derece deprem bolgesinde bulunan Edirne Merkez, Havsa, Lalapasa, Meri¢, Uzun-
koprii ilgelerinin TBDY 2019 spektral ivme katsayisi (Sps) degeri ZE zemin simifinda en yiiksek degerine
ulagsmakta, DBYBHY 2007 spektral ivme katsayis1 (Sps) degerine gore yaklasik Edirne Merkez ilgede %225,
Havsa ilgcesinde %220, Lalapasa il¢esinde %220, Lalapasa ilgesinde %215, Merig ilgesinde %235, Siiloglu
ilgesinde %214 ve Uzunkoprii ilgesinde %233 artmaktadir. DBYBHY 2007’ye gore 3. derece deprem bolge-
sinde bulunan Ipsala ilgesinin TBDY 2019 spektral ivme katsayis1 (Sps) degeri ZE zemin smifinda en yiiksek
degerine ulasmakta, DBYBHY 2007 spektral ivme katsayisi (Sps) degerine gore yaklasik %91 artmaktadir.
DBYBHY 2007’ye gore 2. derece deprem bolgesinde bulunan Enez ilgesinin TBDY 2019 spektral ivme kat-
sayisi (Sps) degeri ZC zemin sinifinda en yiiksek degerine ulagirken, Kesan ilgesinde ZE zemin sinifinda ulas-
makta ve DBYBHY 2007 spektral ivime katsayis1 (Sps) degerine gore yaklasik Enez ilgesinde %40, Kesan
ilcesinde %31 artmaktadir.

3.3. Edirne Merkezi ve il¢elerinin DBYBHY 2007 ve TBDY 2019 Yatay Tasarim Spektrumlarimin Or-
nek Bir Betonarme icin Taban Kesme Kuvveti ve Tepe Yer Degistirmesi Uzerindeki Degisimleri

TBDY 2019 ve DBYBHY 2007’de tamimlanan betonarme ¢ergeve sistem i¢in Edirne ilindeki konut sto-
gunu temsil edebilecek drnek bir bina modelinin hesaplanan esdeger deprem yiikleri ve tepe yer degistirmeleri
degerlendirilmistir. Ornek bina modellerinin tasarimi ve yapisal hesaplart TS500, DBYBHY 2007 ve TBDY
2019 yonetmelikleri i¢in Sta4Cad V.14.1 programi ile yapilmistir. Calisma kapsaminda incelenen 6rnek bina
modelinin kalip plan1 Sekil 10°da, drnek bina modeli tasarimda dikkate alinan parametreler Tablo 5’te veril-
mistir.
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Sekil 10. Ornek betonarme cerceve sistem bina modeli kalip plani
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Tablo 5
Ornek gergeve sistem betonarme bina modeli tasarim parametreleri

Parametre DBYBHY 2007 TBDY 2019
Bina Tiirii Betonarme Cergeve Sistem (All)
Kat Sayisi 5 Kat (BK+ZK+3NK)
Kat Yiiksekligi (hka) 3.0m
Bina Yiiksekligi (Hn) 12.0m
Bina Boyutlari 17.90m x 1450 m
Kiriglerin Boyutlari 25 cm x 50 cm
Kolonlarin Boyutlari 30 cm x 60 cm, 35 cm x 60 cm, 30 cm X 70 cm
Dosemelerin Tiirii ve Boyutlari Plak Doseme Odalarda 12 cm, Balkon ve Sahanlikta 15 cm
Malzeme Siniflar C30/37, S420
Bina Onem Katsayisi (I) 1
Deprem Yiikii Dig Merkezligi %5
Haraketli Yiik Katilim Katsayisi (n) 0.3
Deprem Yer Hareket Diizeyi (DD) - DD-2
Etkin Yer vme Katsayisi (Ao), Ao=0.10g (4. Deprem bolgesi) TDTH 2019’dan okunmustur.
En Biiyiik Yer ivmesi (Pga) Ao=0.20g (3. Deprem bolgesi)

Ag=0.30g (2. Deprem bolgesi)

Bina Kullanim Sinifi (BKS) - 3
Deprem Tasarim Sinift (DTS) - Sps’ye gore degismektedir.
Bina Yiikseklik Sinifi (BYS) - 7
Tastyict Sistem Davranig Katsayisi (R) 8 8
Dayanim Fazlalig1 Katsayisi (D) - 3
Bina Dogal Titresim Periyodu (T) T4,=0.49s T4,=0.71s
Yerel Zemin Sinifi Z1,72,73,74 ZA, ZB, ZC, ZD, ZE

Calisma kapsaminda en saglam zeminden en kotii zemine kadar zemin kosullart dikkate alinarak deprem yer
hareketi diizeyi DD-2 i¢in 6rnek betonarme bina modelinin TBDY 2019 ve DBYHY 2007’ye gore hesaplanan
esdeger deprem yiiklerinin birbiri ile karsilastirilabilmesi i¢in esdeger deprem yiikleri (Vt) bina agirligina (W)
oranlanmistir. Edirne merkez ilgce ve ilgeleri icin TBDY 2019 ve DBYBHY 2007’ye gore hesap sonucu
bulunan esdeger deprem yiikiiniin bina agriligina (Vt/W) oranlarinin ortalama degerleri Tablo 6’da verilmistir.

Tablo 6

Edirne merkez ilge ve ilgelerinin TBDY 2019 ve DBYBHY 2007’ye gore hesaplanan (Vt/W) oranlari
fice Adx TBDY 2019 (Vt/W) Oranlari (%) DBYBHY 2019 (Vt/W) Oranlar1 (%)

ZA ZB ZC ZD ZE Z1 Z2 Z3 Z4

Edirne 3.40 3.40 6.38 9.97 16.71 3.31 3.76 3.98 3.98
Enez 6.45 6.45 12.03 16.94 23.79 9.94 11.27 11.94 11.94
Havsa 3.53 3.53 6.61 10.32 16.88 3.31 3.76 3.98 3.98
Ipsala 5.26 5.26 9.88 14.89 20.99 6.63 7.51 7.96 7.96
Kesan 5.84 5.84 10.94 15.75 22.06 9.94 11.27 11.94 11.94
Lalapasa 3.14 3.14 5.93 9.36 15.84 3.31 3.76 3.98 3.98
Merig 4.07 4.07 7.63 11.71 18.11 3.31 3.76 3.98 3.98
Siiloglu 3.24 3.24 6.06 9.06 16.10 3.31 3.76 3.98 3.98
Uzunkdprii 4.01 4.01 7.54 11.06 17.97 3.31 3.76 3.98 3.98

Edirne merkez ilge ve ilgelerinin 6rnek betonarme bina modeli i¢in TBDY 2019 ve DBYHY 2007’ye gore
hesaplanan esdeger deprem yiikleri etkisinde meydana gelen tepe yer degistirmelerinin ortalama degerleri
Tablo 7°de verilmistir.
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Tablo 7
Edirne merkez ilge ve il¢elerinin TBDY 2019 ve DBYBHY 2007’ye gore hesaplanan tepe yer degistirmeleri
il(;e Adi TBDY 2019 En Biiyiik Yer Degistirme (mm) DBYBHY 2007 En Biiyiik Yer Degistirme (mm)
ZA ZB ZC ZD ZE Z1 Z2 Z3 Z4
Edirne 3.50 3.56 6.43 9.61 15.79 1.66 2.08 242 242
Enez 6.71 6.84 12.13 16.38 22.65 4.99 6.23 7.26 7.26
Havsa 3.59 3.65 6.59 9.90 16.15 1.66 2.08 242 242
Ipsala 5.42 5.52 9.90 13.89 20.39 3.33 4.15 4.84 4.84
Kesan 6.02 6.13 10.95 15.07 21.59 4.99 6.23 7.26 7.26
Lalapaga 3.23 3.29 5.98 9.02 15.00 1.66 2.08 242 242
Meric 4.14 4.24 7.60 11.21 17.67 1.66 2.08 242 242
Siiloglu 3.31 3.37 6.08 9.55 16.09 1.66 2.08 242 242
Uzunkdprii 4.07 4.14 7.50 11.11 17.52 1.66 2.08 242 242

TBDY 2019 ile DBYBHY 2007’ye gére drnek betonarme cergeve bina modelinin Edirne Merkezi ve Tlgeleri
icin hesap edilen esdeger deprem yiiklerinin ve tepe yer degistirmelerinin karsilastirilmas1 Tablo 8’de
verilmistir.

Tablo 8
Edirne merkez ilge ve ilgelerinin TBDY 2019 ve DBYBHY 2007’ye gore hesaplanan (Vt/W) oranlarinin ve
tepe yer degistirmelerinin karsilagtirilmast

flce Ad1 Vtrepy2019/VibBYBHY2007 0TBDY2019/0DBYBHY2007
ZA-Z1 ZB-Z1 Z2C-Z2 ZD-Z3 ZE-Z4 ZA-Z1 ZB-Z1 ZC-Z2 ZD-Z3 ZE-ZE

Edirne 1.03 1.03 1.70 2.50 4.20 2.11 2.15 3.09 3.97 6.53
Enez 0.65 0.65 1.07 1.42 1.99 1.35 1.37 1.95 2.26 3.18
Havsa 1.07 1.07 1.76 2.59 4.24 2.16 2.20 3.17 4.09 6.67
Ipsala 0.79 0.79 1.32 1.82 2.64 1.63 1.66 2.39 2.87 4.17
Kesan 0.59 0.59 0.97 1.32 1.85 1.21 1.23 1.76 2.08 2.95
Lalapasa 0.95 0.95 1.58 2.35 3.98 1.95 1.98 2.88 3.73 6.20
Merig 1.23 1.23 2.03 2.94 4.55 2.49 2.55 3.65 4.63 7.30
Siiloglu 0.98 0.98 1.62 2.40 4.04 1.99 2.03 2.92 3.80 6.29
Uzunkopril 1.21 1.21 2.01 2.90 4.52 2.45 2.49 3.61 4.59 7.24

Tablo 5-8 incelendiginde TBDY 2019’da betonarme bina tasiyici sistem elemanlarinda gatlamig kesit
rijitliklerinin kullanilmasi sebebiyle TBDY 2019’a gore elde edilen periyotlarda DBYBHY 2007’ye gore
uzama oldugu, TBDY 2019’a gore bina tepe yer degistirmelerinde Edirne’nin tiim ilgelerinde tiim zemin
siiflarinda DBYBHY 2007’ye gore artis meydana geldigi goriilmektedir. Tablo 6 ve Tablo 8 incelendiginde
ornek bina igin TBDY 2019’a gore hesaplanan esdeger deprem yiikiinde Edirne’nin tiim ilgelerinde zayif
zemin smiflarinda (ZD, ZE) DBYBHY 2007’ye gore artis meydana geldigi, spektral ivme degerlerindeki
degisime benzer sekilde DBYBHY 2007’ye gore 4. derece deprem bolgesindeki ilgelerde artis miktart,
Edirne’nin 2.ve 3. derece deprem bdlgesindeki il¢elerine gore daha fazladir. Edirne Merkez, Havsa, Meric,
Uzunkoprii ilgelerinde tiim zemin siniflart icin TBDY 2019°a gore hesap sonucu bulunan esdeger deprem
yiikii, DBYBHY 2007’ye gére artmus, ipsala, Lalapasa ilgelerinde ZA, ZB smifi icin TBDY 2019’a gore hesap
sonucu bulunan esdeger deprem yiikit DBYBHY 2007’ye gore azalirken diger zemin siniflarinda artmig, Kesan
ilcesinde ZA, ZB ve ZC sinifi i¢in TBDY 2019’a gore hesap sonucu bulunan esdeger deprem yiikii DBYBHY
2007’ye gore azalirken diger zemin simiflarinda artmigtir. Ornek bina igin TBDY 2019’a gore hesaplanan
esdeger deprem yiiklerinde DBYBHY 2007’ye gore degisimin sebebi dnceki boliimde verilen yatay tasarim
spektrum karsilagtirmalarindan goriilebilmektedir. Calismada elde edilen yatay tasarim spektrum egrileri
Edirne merkezi ve ilgeleri i¢in gegerli oldugundan ve esdeger deprem yiikleri ile tepe yer degistirmeleri 6rnek
bina modeli i¢in elde edildiginden farkli bolgelerde ve farkli periyoda sahip binalar i¢in elde edilen bu oranlarin
degisebilecegi unutulmamalidir.
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4. Sonuclar

Edirne merkezi ve ilgelerinin tamaminda TDBY 2019’a gore en biiyiik yer ivmesi (PGA) degerleri
DBYHYHY 2007’ye gore artmistir. DBYHBHY 2007’ye gore 4. derece deprem bolgesindeki Edirne ilcele-
rinde ortalama 1.66-1.99 kat artis, 3. derece deprem bolgesindeki ilgelerde ortalama 1.40 kat artis ve 2. derece
deprem bolgesindeki ilgelerde ortalama 1.03-1.21 kat artis meydana gelmistir. En biiyiik artisin TBDY 2007’ ye
depremselligi az olan 4. derece deprem bolgesindeki ilgelerde oldugu gézlenmistir.

TBDY 2019 yonetmeligine gore en biiyiik spektral ivme degeri, Enez il¢esinde ZC sinifinda, diger ilgelerde
ise ZE zemin sinifinda goriilmektedir. Spektral ivme katsayilar1 ayni deprem bolgesi icin DBYBHY 2007°de
farkli zemin siniflarma gore degismezken, TBDY 2019°da spektral ivime katsayilari zemin sinifina gore degis-
mektedir. TBDY 2019’a gore Edirne merkezi ve ilgeleri icin belirlenen tasarim spektral ivme degerleri 6zel-
likle zay1f zeminlerde DBYBHY 2007’ye gore belirlenen degerlere kiyasla artis gostermektedir.

TBDY 2019 spektral ivme degerlerinde DBYBHY 2007’ye gore artis DBYBHY 2007’ye gore 4. derece dep-
rem bolgesinde bulunan Edirne il¢elerinde ortalama %220, 3. derece deprem bolgesindeki ilgelerde %90 ve 2.
deprem bolgesindeki il¢elerde ise ortalama %35°tir. Spektral ivmelerdeki artisin, DBYBHY 2007’ye gore 4.
derece deprem bolgesinde en fazla, 3. derece deprem bolgesinde daha az ve 2. derece deprem bolgesinde ise
en az oldugu goriilmektedir. Tiirkiye Deprem Tehlike Haritas1 (TDTH) na gore Edirne merkezi ve ilgelerinin
tamaminda yiiriirliikten kalkan deprem tehlike haritasina gére daha yiiksek sismik tehlike ongoriilmektedir.
Edirne merkezi ve ilgelerinin TBDY 2019 spektral ivme degerlerinde DBYBHY 2007’ye gore meydana gelen
artigin binalara etki edecek deprem yiiklerini ne oranda degistireceginin bina 6zelinde ¢6ziim yapilmadan kes-
tirilmesi miimkiin olmasa da DBYBHY 2007’ye gore 4. derece deprem bolgesinde ve zayif zeminlerde bulu-
nan mevcut yapi stogunun deprem performanslarinin gézden gegirilmesi gelecekte olas1 depremlerde mal ve
can kayiplarii 6nlemek agisindan yararl olacaktir.

Yazar Katkilar:

Burak Ozsahin: Calismanin tiim asamalarini gerceklestirmistir ve yazmistir.

Cikar Catismasi

Yazar ¢ikar catigmasi bildirmemistir.
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Oz - Calisma alanlarinda giivenli ortamlarin saglanabilmesi igin gerekli olan giiglii giivenlik kiiltiirii olumlu
giivenlik iklimine ihtiya¢ duyar. Olumlu giivenlik iklimi giivenlikle ilgili 6nlemlerin 6nceden almarak Orgiitsel,
yonetimsel ve sosyal alanlarda uygulanmasi ile gergeklesir. Bu ¢alismanin amaci; giivenlik ikliminin alt faktérlerinden
biri olan kadercilik algisini, tiniversitelerin kimya boliimiinde egitim alan lisans ve lisansiistii 6grencilerinin
degerlendirmeleriyle agiklamaya ¢aligmaktir. Risk algisi kisinin tehlike veya riskle karsilastiginda yaralanma veya
hastalanma ihtimalini diisiinmesidir ve daha dnce yasanan kaza tecriibelerinden etkilenerek giivenli davranislar
gelistirmesine yardimci olur. Kadercilik algisinda ise olacaklarin oniine gegilemeyecegi diisiincesi 6n plandadir.
Akademik ortamda kullanilan laboratuvarlar 6grencilerin olusabilecek tim tehlike ve risklere karst iist diizeyde
onlemlerin alindig1 giivenli ortamlar olmasina ragmen, 6grencilerin hazir bulunurluklari mezuniyet sonrasi sanayii ve
endiistride gorev yapacak geng kimyagerlerin sahip olduklari giivenlik anlayislarini ve topluma nasil yon vereceklerini
anlamak agisindan 6nemlidir. Farkli iniversitelerin kimya boliimlerinde egitim alan 6grencilerden giivenlik algist
kapsaminda toplanan verilere kadercilik alt faktoriinii agiklamak ve tanimlayabilmek igin faktor analizi yapilmistir.
Ogrencilerin kadercilik davranislari arasinda fark olup olmadig1 Pearson korelasyon yéntemi ile test edilmistir. Segilen
demografik faktorlerin degerlendirilmesi igin tek yonlii varyans analizi (One-way ANOVA) testi kullanilmistir. Bu
calismada Olgiilen kadercilik faktorii ortalama degeri kimya boliimii 6grencilerinin kazalar1 degerlendirirken kaderci
bir yaklasim izlemediklerini ve kazalarin 6nlenmesi konusunda yonetimi ve {iniversite ortaminin yan sira kendilerini
de sorumlu olarak gordiiklerini gostermektedir. Ayrica bu ¢alismada kadercilik algisi baglaminda 6grencilerin egitim
gordiikleri tiniversitelerden bagimsiz olarak ortak bir egilim gosterdigi goriilmektedir. Bu ¢alismada edinilen bagka
bir sonug da verilen is saglig1 ve giivenligi egitimlerinin 6grencilerin ihtiyaglarimi karsilayacak yeterli seviyede
olmadigdir.
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Abstract — A strong safety culture needs a positive safety climate. Positive safety climate is depending on taking
precautions and applying them in organizational, administrative and social areas. The aim of this study is to explain
the perception of fatalism for measuring the safety climate, with the evaluations of students who are studying in the
chemistry department of universities. Risk perception is thinking of the possibility of injury or illness when the
individual faced with danger and helps him develop safe behaviours by being influenced of the result of previous
accident experiences. In the perception of fatalism, the idea that what will happen cannot be prevented is at the
forefront. Although the academic laboratories are safe environments, the readiness of the students will show us safety
perceptions of young chemists, who will work in industry, and how they will influence the society. ANOVA and a
Pearson correlation were used to determine the safety behaviour and to determine whether there was a relationship
between students in different universities. This study shows that the students of the chemistry department do not follow
a fatalistic approach when evaluating the accidents and they see themselves as responsible for the prevention of
accidents, as well as the management and the university environment. In addition, it is seen that there is loyalty among
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1. Giris

Uluslararas1 Calisma Orgiitii (UCO) verilerine gore tiim diinyada her bir saniyede 11 is kazas1 yasanmakta
ve 5 ¢alisan isle ilgili hastaliklara yakalanmaktadir (ILO Statistics and Database, 2020). Meslek hastaliklari ve
is kazasina ugrayan kisinin bireysel olarak ¢ektigi acilar ve zorluklarin yan1 sira ailesine, toplumdaki diger
bireylere, calistig1 kuruma, bagli bulundugu sosyal giivenlik kurumuna ve devlete olan etkileri ve maliyeti de
oldukga yiiksektir. Bu durumun uzun vadede kiiresel anlamda gayri safi hasilatin %3.94 liik bir boliimiinii
olusturan ciddi mali sorunlara yol agacagi dngoriilmektedir. UCO’niin 155 ve 161 nolu sdzlesmeleri ve
89/391/EEC sayil1 Avrupa Birligi Cerceve/Konsey Direktifi ile dogru orantili olarak ¢ikartilan ve 2012 y1ilinda
yiiriirliige giren 6331 sayili is Saglig1 ve Giivenligi (ISG) kanunu ile {ilkemiz ¢alisanlarin giivenlikleri koruma
altina alinmistir. Uluslararasi s6zlesmelerin uygulanmaya baglama tarihlerine bakildiginda iilkemizle aradaki
farkin 30 yildan fazla oldugu goriilmektedir. Bu durum Tiirkiye’ye bilimsel anlamda kullanabilecegi yontemler
baglaminda bazi avantajlar saglamasiin yani sira alinacak énlemler konusunda da rol gdsterici olmaktadir.

1.1. Giivenlik iklimi ve Kiiltiirii

Is kazasi ve meslek hastaligi nedeniyle sekteye ugrayacak is siirecleri, zarar gdrecek itibarlar1 ve
biitcelerinden ¢ikacak para yerine sahip olduklari tiim bu degerleri islerini gelistirmek i¢in kullanmak isteyen
isverenler ozellikle son yillarda orgiitsel, yonetimsel ve sosyal anlamda giivenlik uygulamalarinin 6nemini ve
farkindaligini artirmaya baglamistir. Giivenlik uygulamalari her gecen giin daha hassas, daha planli ve 6nceden
onlemlerin alinmasi ile daha giivenilir bir ¢calisma ¢evresi yaratmaktadir. Giivenlik uygulamalarini etkileyen
faktorleri bulmak, onlar1 dl¢iilebilir hale getirmek ve uygulama alanlarini genisletmek igin siirekli olarak
caligmalar yapilmaktadir.

Bir kurum ve kurulusun calisanlar1 tarafindan kendilerini glivende hissederek o kurumda varliklarini
sirdiirebilmeleri farkli boyutlarin diizenli ve birbirinin igine ge¢mis sekilde birlikte var olabilmeleri ile
miimkiindiir. Yapilan literatiir calismas1 bu konuda ilk ¢alismalardan birinin Israilli bilim adan1 Dov Zohar’a
ait oldugunu ortaya koymaktadir. Zohar giivenlik algisin1 olusturarak giivenligi etkileyen faktorleri giivenlik
ikliminin 6lgiilmesinde kullanmustir (Zohar, 1980). Onleyici bir giivenlik kiiltiirii yaratmak igin olumlu bir
giivenlik iklimi kurulmasi gereklidir (Cheyne, Cox, Oliver ve Tomas, 1998; Wu, Chi ve Mu, 2007).

Giivenlik kiiltiirii kavrami ilk olarak Uluslararasi Atom Enerjisi Ajanst (IAEA) tarafindan 1986 yilinda
Cernobil Facias1 kapsaminda hazirlanan baslangi¢ raporunda kullanilmistir (Cox ve Flin, 1998). Giivenlik
kiiltiirii degerler, inanislar ve davraniglarla ¢ergevesi ¢izilen; kisi, i, orgiit ve aralarindaki etkilesimler olarak
tanimlanmaktadir. Guivenlik kiiltiirinlin 6l¢iilmesi i¢in yonetimin tutum ve davraniglari, verilen egitimler,
calisanlar ve yoneticiler arasindaki giivenlik iletisiminin yan1 sira kaza ve hastaliklarla ilgili raporlamalar da
kullanilmaktadir (Cooper, 2002; Sarag, 2016; Cheyne ve Cox, 2000; Akalp ve Yamankaradeniz, 2013).

Yorulmaz ve ark. giivenlik iklimini ¢alisanlarin ¢alisilan ¢evre, caligma ortamindaki uygulamalar ve ekonomik
faktorlere gore caligma giivenligine kars1 gosterdikleri psikolojik algi olarak tanimlamis ve iklimin alg ile
kiiltiiriin ise tutumlarla ilgili oldugunu ifade etmislerdir (Yorulmaz, Biiyiik ve Birgiin, 2016). Cooper, yonetici
ve uygulayicilarin bakis acistyla gilivenlik iklimini “giivenligin gelisimi i¢in uygulayic1 kontroller ve
politikalarla 6nceden belirlenmis islevlere sahip olmak” olarak ifade etmistir (Cooper, 2002). Ceyhun ise
giivenlik iklimini; bir igyerinde ¢alisanlarin o i yeri ile ilgili olarak paylastiklari is ¢evresi, calisma ortami1 ve
caligmalar sirasinda karsilastiklar: riskler gibi paylastiklari algilar olarak tanimlar (Ceyhun, 2014). Neal ve
Griffin giivenlik iklimi algis1 ve ¢aliganlarin beyan ettikleri giivenli davraniglar arasinda ayn1 yonlii ve bunlarla
ig yeri kazalar arasinda ters yonli bir iligski oldugu ve kaza geciren ¢alisanlarin kendilerini daha az giivende
hissettikleri i¢in giivenlik ikliminin son derece yetersiz oldugunu rapor ettiklerini sdylerler (Neal ve Griffin,
2006). Bireysel tavir ve davranislar giivenlik ikliminin bir pargasi olarak degerlendirmeyen Kines ve ark.
giivenlik iklimini sosyal birimlerin, yonetimin ve g¢alisma gruplarinin giivenlik politikalari, siirecleri ve
uygulamalari, belirli bir zamanda paylastiklar1 algi olarak tanimlarlar (Kines vd., 2011). Giivenlik ikliminin
amacinin olusacak giivenlik kapsaminda ortaya ¢ikacak olan sorunlari énlemek oldugunu ifade eden Ozdemir
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ve ark. giivenlik algilarinin olumlu olmasinin ¢alisanlarin is performanslarimi olumlu etkilediginin ortaya
koymuslardir (Ozdemir, Erdem ve Kalkin, 2016). Calisma ortamindaki giivenlik iklimini etkileyen ve is
yerindeki kazalarin olusmasiyla arasinda dogru oranti olan orgiit veya isyeri stresi, ¢alisanlarin psikolojik
olarak verdikleri karsilig1 olumsuz olarak etkilemektedir. Bu olumsuzluklar da hipertansiyon, kalp ve dolagim
sistemi problemleri, bas agris1, dikkat eksikligi gibi fiziksel rahatsizliklara doniismektedir (Woo, Park, Lim ve
Cho, 2017; Simsek ve Derin, 2018). Genellikle baskin miihendislik dnlemlerle yonetilen giivenlik yonetiminin
rotasinin giivenlik iklimi oldugunu, giivenligin gelisiminde kaza oranlari, kaza ve ramak kala olaylarini reaktif
yaklagimdan proaktif yaklagima doniilmek i¢in kullanildigini sdylemektedirler (Kines vd., 2011).

Zohar’in giivenlik iklimi alt faktorlerinden birisi olan kadercilik bireyin gelecek ile ilgili hicbir sey
yapamayacagi inancindan yola ¢ikar (Taylor, 1962). Kadercilikte kazalar ve yaralanmalar kaginilamaz ve
onlenemezdir. Kadercilik ¢alisma giivenligini olumsuz etkileyen kendine giiveni az olan calisanin giigsiizliik
ve umutsuzlugunun sonucu ortaya ¢ikmasina ragmen is yeri egitimleri ve alian dogru 6nlemlerle pozitif yonlii
degistirilebilinir (Kiani ve Khodabakhsh, 2013).

1.2. Universitelerin Is Saghg ve Giivenligi A¢isindan Degerlendirilmesi

Universiteler ve meslek yiiksekokullar1 sadece egitim verilen yerler degil ayn1 zamanda icinde bulunduklari
toplumun ve yetistirdigi insanlarla da gelecekte icinde yasanacak toplumun sekillendirilmesinde 6nemli
gorevleri olan kurumlardir.

Giivenlik kiiltiirii ve gilivenlik iklimi ile ilgili calismalar incelendiginde c¢ogunlukla endiistri ve sanayi
caligsanlar1 arasinda galigmalarin siirdiiriildiigli goriilmektedir. Yiiksekogretim kurumlari yapisal ve islevsel
olarak bu kurumlardan daha farklidir. Kamu hizmeti saglayan egitim kurumlarindaki ulusal ve uluslararasi
rekabet, gelismekte olan bu pazarda yer edinmek ve edinilen yerin kaliciligin1 saglamak icin gerekli olan
stirekli iyilestirme, yeniden modelleme, kalici kurumsal ve orgiitsel yenilik yoluyla gerceklestirilmeye
calisilmaktadir. Diger alanlardan en biiyiik fark: ise devletlerin dinamikleri ve degisimlerinin yan1 sira sanayi
davranislart ve ekonomik islemlere yon vermedeki rold, is firsatlar1 yaratma ve diger sektdrlerle olan
iliskilerinin sonucu ortaya ¢ikan kompleks bir yap1 olmasidir (Ball, 2009). Universiteler endiistri ve sanayi is
kollar1 ile kiyaslandiginda; geleneksel bakis agisiyla akademik personelin esnek ¢alisma saatleri, hafif is yiikii,
konferans amagl yurt i¢i ve yurt disi gezilere katilimlart nedeniyle avantajli ve diisiik stresli is kolu olarak
degerlendirilirken, modern diinyada hizla biiyiiyen, farkli iilkelerden insanlar1 ve kiiltiirleri biinyesinde
barindirmalart nedeniyle farkli orgiit kiiltiiriine sahip ve farkli riskleri iginde barindiran kurumlar olarak
tanimlanirlar (Gillespie, Walsh, Winefield, Dua ve Stough C, 2001; Venables ve Allender, 2006). Wu vd.
iiniversitelerde ve yiliksekokullarda &grenim goéren Ogrencilerin teorik bilgilerin yan1 sira uygulamalarda
kullandiklar1 deney ve uygulama laboratuvarlari, test alanlari, akademik personelin kullandigi arastirma
laboratuvarlarimin sahip olduklari riskler agisindan tehlikeli yerler oldugunu ifade ederler (Wu, Chi ve Mu,
2007). Ulkemizde {iniversiteler is saghig1 ve giivenligi agisindan az tehlikeli is yerleri olarak tanimlanirlar.

Universitelerin siirdiiriilebilir olmas1 sadece ulusal degil uluslararasi dgrenci, program ve kurumsal hareketlilik
ile miimkiin olabilmekte ve ortak kalite anlayis1 ile giivence altina alinmaktadir. Bu kalite anlayis1 her bir
caligsan ve egitim goren 6grenci icin is sagligi ve giivenliginin temelini olusturmaktadir.

Bu calisma tilkemizde farkli sehirlerde egitim veren fen fakiiltelerinin kimya bdliimlerinde yiiriitiilmiistiir.
Maddenin temel yapi taglar1 olan atom, molekiiller ve benzeri tim bilesiklerin analizi, sentezi ve diger
maddeler ile olan etkilesimini inceleyen kimya temel bir bilim dalidir. Kimya bilimi kendi nesnesini olusturan
tek temel bilim olma 6zelligi nedeniyle diger bilimlerden ayrilir. 4 yillik kimya egitimi sonucunda kimyagerlik
unvani alan kisiler bilimsel aragtirma yapmak i¢in egitilirler. Bilimsel arastirmalar1 sirasinda tip, eczacilik,
savunma sanayi, gida, ¢evre, arkeoloji ve tiim miihendislik dallariyla ortak ¢aligmalar yiiriitmeleri gerekir.
Kimyagerler sanayi alaninda ise kimyasal analiz gerektiren kalite kontrol veya kimyasal {iretim alanlarinda
gorev yapar (chem.metu.edu.tr/prospective).
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Tiim diinyada kullanilan, iiretilen veya baska bir maddeyi iiretmek i¢in kullanilan malzemelerin yapisinin
kimyasal maddeler oldugu diisiiniilirse en bastan kazalari engellemenin dnemi zaten ortaya konulmus
olacaktir. Tim diinyada oldugu gibi iilkemizde de tehlikeli maddeler bulunduran kuruluslarda biiyiik
endiistriyel kazalarin 6nlenmesi ve muhtemel kazalarin insanlara ve gevreye olan zararlarinin en aza
indirilmesi amacuyla, yiiksek seviyede, etkili ve siirekli korumay1 saglamak i¢in alinmasi gerekli onlemler ile
ilgili usul ve esaslar1 belirlemek i¢in gerekli olan yasal diizenlemeler yapilmistir. Tehlikeli kimyasallar
patlayici, oksitleyici, ¢ok kolay alevlenir, kolay alevlenir, alevlenir, toksik, ¢cok toksik, zararli, agindirici, tahrig
edici, alerjen, kanserojen, mutajen, tireme icin toksik ve ¢evre icin tehlikeli 6zelliklerden bir veya birkagina
sahip madde ve/veya karisimlari kapsamaktadir. Ayrica iilkemizde kullanilan kimyasal maddelerin
depolanmasi ve bulundurulmalariyla ilgili olarak c¢ikartilan yonetmelikle de iiniversite kampiislerinde
kullanilan kimyasallar da dahil olmak {izere tiim kurumlarda kullanilan ve/veya depolanan kimyasallarin giiven
altina alinmasi saglanmaktadir (Resmi Gazete T:12.08.2013, S:28733; Resmi Gazete T:02.03.2019, S: 30702).
19. yiizyilin ortalarindan itibaren laboratuvar metodu fen bilimleri 6gretiminin temel 6gelerinden biri olarak
kabul edilmistir (Alipasa, Karamustafaoglu, Sevim ve Karamustafaoglu, 2002). Kimya laboratuvarlari
kimyasallar, cam malzemeler, elektrikli veya elektronik cihazlar gibi farkli birgok malzemenin ayni anda
kullanildig1 dinamik ortamlardir. Gaz ocaklari, yiiksek hizli santrifiijler, yiiksek basinglh cihazlar, yiiksek 1s1
kullanan firinlar bunlara verilebilecek en temel 6rneklerdir. Kimya Laboratuvarlari; patlamalar, agindirici,
tahris edici, oksidan veya toksik kimyasallarin kullanildig1 ortamlardir. Diger yandan, kimyasallarin yaptiklari
kontrolsiiz bilesikler sonucu ortaya ¢ikan gazlar gibi yasanabilecek aksilikler ile laboratuvarda calisanlarin
sadece kendilerine ve calisma arkadaglarina degil dogaya da verebilecekleri olasi zararlar nedeniyle ¢ok
dikkatli ¢alisma yapilmasi gereken yerlerdir (Marin, Mufioz-Osuna, Arvayo-Mata ve Alvarez-Chavez, 2019).
Amerika Birlesik Devletleri’nde bagimsiz bir devlet kurumu olan Kimyasal Giivenlik ve Tehlike Arastirma
Kurulu (U.S. Chemical Safety and Hazard Investigation Board/CSB) biiyiik endiistriyel kazalarin kok
sebeplerinin akademik laboratuvarlarda olan giivenlik agiklarini isaret ettigini sdylemektedir (Marin vd.,
2019).

Ulkemizde galisanlarin yani sira stajyer dgrencilerin de Is saghgi ve Giivenligi egitimi yonetmeliklerle giivence
altina alinan zorunlu bir egitimdir (Resmi Gazete T:15.05.2013, S:28648). Kimya boliimlerinde egitim goéren
Ogrenciler zorunlu staj egitimlerinden Once is ortaminda karsilasabilecekleri tehlikelere karsi kendilerini
korumalari igin is saglig1 ve giivenligi egitimini almis olmalar1 dnemlidir. Ayrica laboratuvar ¢aligmalarindan
once de akademik personel tarafindan kimyasal giivenliginin yam sira is giivenligi ile ilgili de genel kurallar
biitiin 6grencilere anlatilarak gerekli 6nlemleri almalar1 saglanir.

Amerikan Kimya Dernegi Kimya Giivenligi Komitesi (CCS) raporlarinda iiniversite 6grencilerinin korunmasi
icin giiglii glivenlik kiiltiirii gelisiminin 6nemini vurgulamaktadir (Marin vd., 2019). Wu vd., dnleyici bir
giivenlik kiiltiirli yaratmak ic¢in olumlu bir gilivenlik iklimi kurulmasi ve distiin giivenlik performanslar
sergilenmesi gerektigini belirtirken, sadece finansal kaynaklar kullanilarak ve miihendislik yontemleriyle
igyeri glivenligini saglamaya ¢alisan kurumlarin giivenlik anlaminda plato seviyesinde kalacagini, davranigsal
ve yonetimsel giivenlik problemlerini ¢6zmekte mithendislik yontemlerinin yetersiz kalacagini ifade ederler
(Wu vd., 2007). Akademisyenler ve uygulayicilarin uygulamali psikoloji kullanarak ¢oziim iiretmeye
calistiklan1 giivenlik problemlerinde giivenlik iklimi anketleri giivenlik programlarinin degerlendirilmesi ve
giivenlik performanslarinin gelistirilmesinde 6nemli bir aractir (Wu, Chen ve Li, 2008).

Bu ¢alismanin temel amaci; farkli sehirlerde bulunan devlet tiniversitelerinin kimya bdliimlerinde 6grenim
goren lisans ve lisansiistii 6grencilerinin giivenlik seviyelerini giivenlik ikliminin yedi boyutundan kadercilik
alt faktorii tizerinden degerlendirmeye calismaktir (CASGEM, 2017). Bu alanin se¢ilmesinin asil sebebi her
zaman tehlike ve riskleri biinyesinde barindiran kimya bdliimiiniin hazir bulunurluklar1 bize mezuniyet sonrasi
sanayi ve endiistride gorev yapacak gen¢ kimyagerlerin nasil bir giivenlik anlayisina sahip oldugunu ve
topluma nasil yon vereceklerini gosterecektir.
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2. Materyal ve Yontem

Fen fakiiltesi kimya boliimlerinde egitim goren dgrencilerin is saglig1 ve giivenligi baglaminda giivenlik
ikliminin belirlenmesinde kadercilik algisinin rolii belirlenecek ve giivenlik ile ilgili diisiince ve davranig
profillerine gore dlgiilen giivenlik algilarinin farkli {iniversitelerde egitim goren 6grenciler arasinda benzerlik
ve farklilik gosterip gostermedigi ortaya cikarilacaktir. Aragtirmanin ydntemi veri se¢imi, veri toplama araglari
ve veri analizi basamaklarini icermektedir.

2.1. Veri Secimi

Anket calismasi, Ogrenci Segme ve Yerlestirme Merkezi (OSYM) tarafindan yapilan iiniversite giris ve
yerlestirme simavinin 2019 yili taban puanlari sonuglarina gore devlet {iniversiteleri arasinda en ¢ok tercih
edilen ilk on {iniversite icinde yer alan ve Tiirkiye’nin iki biiyiik sehri olan istanbul ve Ankara’da yer alan iic
iiniversitede gerceklesmistir. Calismaya katilan iiniversitelerden Orta Dogu Teknik Universitesi 4. sirada
Ingilizce, Istanbul Teknik Universitesi 6. sirada Tiirkge ve Ankara Universitesi 10. sirada Ingilizce egitim
vermektedir. Ankette kullanilacak dlcek icin Istanbul Aydin Universitesi Lisansiistii Egitim Enstitiisiine
bagvurularak 31.12.2019 tarih ve 2019/22 sayili etik kurul onay1 alinmis ve rektorliik kanaliyla galisma
yapilacak olan iiniversitelerin ilgili boliimlerine gonderilmistir. Universitelerden gelen izinler dogrultusunda
elektronik ortamda ve yiiz ylize anket yontemleri kullanilarak anket calismasi baglatilmistir. Bu
Universitelerde dgretim goren toplam 6grenci sayis1 1494’tiir (YOK Atlas, 2019). Yapilan anket ¢calismalarina
165 o6grenci katilmigtir. Aragtirmada basit tesadiifi 6rnekleme yontemi kullanilmustir.

2.2. Veri Toplama Araclari

Ogrencilerin is saghg ve giivenligi kapsaminda giivenlik iklimi alt faktorii kadercilik algisim
degerlendirildigi ¢aligmamizda Demirbilek (2005) tarafindan olusturulan 15 demografik soru kullanilmistir
(Demirbilek, 2005). Ankette kadercilik algisin1 6lgmek igin kullanilan sorular Zohar (1980) tarafindan
gelistirilen giivenlik iklimi Slcegine dayanmaktadir. Bu ¢alismada Tiiziiner ve Ozarslan (2011) tarafindan
Tiirkceye uyarlanan ve daha énce CASGEM (2017) tarafindan iilkemizde “Tiirkiye Istatistiki Bélge Birimleri
Simiflandirmasi Diizey-1" olarak adlandirilan 12 sehirde farkli sektdrlerde faaliyet gésteren kurumlarin 2018
calisanina uygulanan anket sorular1 kullanilmistir (Tiiziiner ve Ozarslan, 2011; CASGEM, 2017).

Olgekte kullanilan ifadeler 5°1i Likert 6lcegine gore hi¢ katilmryorum, biraz katiliyorum, orta derecede
katilryorum, ¢ok katiliyorum ve tamamen katiliyorum olarak 6l¢eklenmistir. Caligmanin gegerliligi Tiiziiner
ve Ozarslan tarafindan 2011 yilinda gerceklestirildigi i¢in tekrar test edilmemistir (Tiiziiner ve Ozaslan, 2011)
Olgegin Cronbach Alpha giivenilirlik katsayis1 0.927 olarak belirlenmistir. iki yar1 form arasinda korelasyon,
0.74 olarak hesaplanmustir). Veriler SPSS19 programu kullanilarak analiz edilmis olup, %95 giiven araliginda
%S5 hata payi ile calisilmistir.

Veriler basit tesadiifi yontem kullanilarak goniillii 6grencilerin katilimiyla yiiz yilize ve elektronik ortamda
Google anket yardimiyla toplanmustir.

2.3. Veri Analizi

Bu caligmada veri setinin daha iyi anlasilabilmesi i¢in tanimlayici istatistik yontemler kullanilmustir.
Normal dagilima uygunlugu test edilen verilerin tanimlanabilmesi ve agiklanabilmesi icin ANOVA ve Ki-kare
testleri uygulanmistir. Ayrica veriler faktor analizine tabii tutularak agiklayici ve tanimlayici analizlerin
yapilmasi saglanmistir. Veriler SPSS 19 programi kullanilarak analiz edilmistir. Anlamlilik diizeyi 0.5 olarak
kabul edilmistir.
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3. Bulgular ve Tartisma

3.1. Demografik Bulgular

Ug iiniversiteden Fen Fakiiltesi Kimya boliimiinde egitim goren toplam 165 dgrenci calismaya katilmistir.
Arastirma sonuglarinin bilgileri Tablo 1°de 6zetlenmistir. Arastirmaya katilan 6grencilerin %66.7°1 kadin ve
%33.3ii erkektir. Ogrencilerin %81.2’si 18-23 yas aralig1 i¢indedir. %17.6 dgrenci 24-29; %0.6 6grenci 30-
35 ve %0.6 dgrenci de 36-40 yas grubundadir. Ogrencilerin %43’ 1. simif; %29.1°1 2. smif; %7.9°1 3. smif}
%12.1°1 4. siif;, %5.5°1 yiiksek lisans ve %2.4’1i doktora dgrencisidir.

Daha énce ISG egitimi alan 6grencilerin oram %37 ve egitim almayanlarin oran1 %63’tiir. ISG egitimi
alanlarin iginde aldiklar1 egitimi yeterli bulan 6grenci oram1 %37.2°dir. Bu &grencilerin %61.5°1 aldiklar1
egitimi yeterli bulmadigini ifade etmislerdir.

Is kazalarinin nedenlerine bakildiginda; grencilerin %64.2’si is kazalarina sebep olarak diger dgrencilerin
uygun olmayan davranislarini gdstermektedir. Ogrencilerin %18.2’si iiniversite ortaminin uygun olmamasini
ve %17.6’s1 her iki durumun da etkili oldugunu belirtmislerdir.

Tablo 1
Caligma grubu bilgileri
Cinsiyet N %
Kadmm 110 %66.7
Erkek 55 %33.3
Egitim durumlari
1. sif 71 %43.1
2. sif 48 %29.1
3. smuf 13 %7.9
4. simf 20 %12.1
Yiksek lisans 9 %5.5
Doktora 4 %2.4
ISG egitimi aldimiz m?
Evet 61 %37
1. simf 17 %:2.9
2. sif 20 %41.7
3. simuf 8 %61.5
4. simf 8 %40
Yiksek lisans 5 %55.6
Doktora 3 %75
Hayir 104 %63
Aldigimiz iSG egitimi yeterli mi?
Evet 23 %37
1. simf 6 %37
2. sif 7 %36
3. simuf 1 %14.3
4. simf 2 %30
Yiksek lisans 4 %50
Doktora 3 %100
Hayir 37 %63
Egitim gordiigiiniiz iiniversitede hic is kazas1 gecirdiniz mi?
Evet 21 %12.7
1. simf 6 %28.6
2. smf 4 %19
3. sinif 3 %14.3
4. simf 7 %33.3
Yiiksek lisans 0 %0
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Tablo 1’in Devamu.

Doktora 1 %4.8
Hayir 144 %87.3
ISG egitimi aldiktan sonra is kazasi gecirdiniz mi?
Evet 9 %40
Hay1r 12 %60
Is kazasi gecirenlerin uzak kaldig siire (65 Kisi)
Uzak kalmadim 57 %57
1-3 giin 4 %4
4-7 giin 1 %1
8-14 giin - -
15-21 giin 3 %3
Is kazas gecirme nedenleri
Ogrencilerin uygun olmayan davramslari 106 %64.2
Universitenin ortaminin uygun olmamasi 30 %18.2
Ikisi birlikte 29 %17.6
Universitede mobinge ugradimz m?(40 6grenci)
Evet 40 %24.4
Hayir 125 %75.6

Kim tarafindan mobinge ugradiniz:

Yoneticiler (46grenci) 4 %10
Akademik Personel (11 6grenci) 11 %27.5
Diger Ogrenciler (12 grenci) 12 %30
Akademik Personel ve Diger Ogrenciler (5 6grenci) 5 %12.5
Yoneticiler ve Akademik Personel (3 6grenci) 3 %7.5
Yoneticiler ve Diger Ogrenciler (2 6grenci) 2 %5
Hepsi (3 6grenci) 3 %7.5

Bu boliimde 6grencilerin gilivenlik iklimini degerlendirmelerinin yas, cinsiyet, 6grenim gordiikleri {iniversite,
egitimleri siiresince gecirdikleri ramak kala olay ve/veya kaza, egitim gordiikleri iiniversiteye olan baglliklari;
tercih siralari, egitim gordiikleri {iniversiteden memnuniyetleri, iliniversitede mobinge maruz kalma ve
aralarindaki iligkiler analiz edilmistir. Analizlerde iki kategorik verinin test edilmesini saglayan ki-kare
(Pearson’s chi-square) testi kullanilmisgtir.

Ankete katilan kadin &grencilerin %43’ ve erkek Ogrencilerin %22’si is kazasi gecirmislerdir. Ki kare
(Pearson chi-square) testine gore is kazas1 gegirmekle cinsiyet arasinda herhangi bir iliski yoktur (p=0.910).
Ankete katilan kadin 6grencilerin %61°1 ve erkek dgrencilerin %31°1 egitim gordiikleri liniversitede ramak
kala olay yasamuslardir. Yine (Pearson chi-square) Ki-kare testine gore ramak kala olay ve cinsiyet arasinda
herhangi bir iliski yoktur (p=0.912). Ankete katilan kadin 6grencilerin %13’ ve erkek ogrencilerin %81
egitim gordiikleri iiniversitede is kazasi gegirmislerdir. Ayni sekilde egitim gordiikleri {iniversitede is kazasi
gegirmeleri ile de cinsiyet arasinda bir iliski yoktur (p=0.620).

Ki-kare testine (Pearson chi-square) gére ISG egitimi alanlarin %401 is kazas1 gegirmistir ve egitim alanlarla
kaza gegirenler arasinda anlaml bir iliski yoktur (p= 0.516). Bunun nedeni 6grencilerin aldiklar1 egitimin
yetersiz olmasi olabilir.

3.2. Faktor Analizi

Ankette kadercilik ile ilgili sorularin faktér analizine uygun olup olmadigimi degerlendirmek amaciyla
KMO ve Barlett’s testi uygulanmistir. Tablo 2°de gosterilen KMO degeri 0.5’ten biiyiik ve Barlett testi
0.01’den kiiciik oldugu i¢in faktor analizine uygundur. 35. soru ¢ikarilarak yapildiginda KMO ve Barlett testine
gore KMO=0.889 ve Barlett sig=0.000 i¢in anket sonuglar1 faktor analizi yapmak i¢in uygundur. Calismada
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kullanilan &lgegin calismanin %59 unu acikladigi gériilmiistiir. Olgcegin Cronbach Alpha giivenirlik katsayisi,
0.923’tiir.

Tablo 2
Kaiser-Meyer-Olkin (KMO) 6rneklem uygunluk 6l¢iisii ve Barlett kiiresellik testi

KMO ve Bartlett Kiiresellik Testi

Kaiser-Meyer-Olkin Orneklem Uygunluk Olgiisii 0,889
Bartlett Kiiresellik Testi Yaklagik Ki-kare test istatistigi 4842.567
df (serbestlik derecesi) 1275
Sig. (p) 0,000

Bu c¢alismada olgiilmek istenen “Is sagligi ve giivenligi konusundaki kaderci yaklasim” 6 soru ile
Ol¢iimlenmistir.

Verilerin yorumlanabilmesi ve daha iyi Ozetlenebilmesi i¢in tanimlayici analizler (descriptive statistics)
kullanilarak ortalama ve standart sapmasini hesaplanmis ayrica faktor yiik degerleri dlgililerek maddelerin
faktorle olan iligkisi agiklanmaya calisilmistir. Tablo 3’de faktor yiiklerine bakildiginda S1., S2. ve S3.
sorularin yiiklerinin 0.60’dan biiyiik oldugu i¢in yiiksek yiik giiciine; S4., S5. ve S6. sorularin orta yiik giiciine
sahip olduklar1 goriilmiistiir.

Tablo 3
Fen Edebiyat Fakiiltesi Kimya Boliimii 6grencileri igin is saghigi ve giivenligi giivenlik diizeyi 6l¢egi faktor
analiz sonuglar1 (pattern matrix)

Faktor adi % ifade Faktor yiikii

S1: lIsimde (laboratuvardaki  deneyler 0.691
sirasinda) risk almaktan kaginamam
S2: Universitede islerin en kisa yoldan 0.666
yapilmasi énemlidir.
S3: Ne yaparsam yapayim kazalarin 0.656
gergeklesmesini engelleyemem.

Faktor Kadercilik 7.913 S4: Kazalar 6grenciligin bir pargasi olarak 0.565
hos goriiliir
S5: Universitede is saghgi ve giivenligini 0.540

gelistirmek i¢in hi¢ bir sey yapamam.

S6: Universitede sadece birkag kisi is saghig 0.519
ve giivenligi ile ilgilenir

Universitelerin kadercilik faktérii karsisinda birbirleriyle olan iliskilerini degerlendirmek amaciyla tek yonlii
ANOVA (one-way ANOVA) analizi kullanilmigtir. Kadercilik algisi agisindan Tablo 4’e gore:

Ho = Universiteler kadercilik algisi agisindan birbirlerinden bagimsizdirlar.
Hi = Universiteler kadercilik algisi agisindan birbirlerine bagimlidirlar.

Tablo 4

ANOVA analizi
Faktor Karelerin Toplamm  df Ortalama Kare F Sig. Hipotez Durumu
FAC
Between Groups 301787 2 150894 7265  0.001 Ho reddedildi
Within Groups 3364540 162 20769
Total 3666327 164

616



Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 4, Sayfa: 609-620

Universite dgrencilerinin kadercilik anlayisi incelendiginde {iniversitelerin birbirlerine bagli olduklar1 yani
ogrencilerin egitim gordiikleri liniversitelerden bagimsiz olarak ortak bir egilim gosterdigi goriilmektedir. Bu
durum orgiitsel iklimde farkli kurumlarda ¢aliganlar giivenlik anlaminda ortak bakis agilarina sahiptirler savini
da desteklemektedir (Zohar, 1980).

Ogrencileri kadercilik anlayisinin istatistiksel olarak yorumlanabilmesi i¢in Tablo 5’te gdsterilen frekans
tablosu elde edilmistir. Faktor ylikii en yiiksek olan sorudan en diisiik olan soruya gore hazirlanan Tabloda
Ogrencilerin sorulara katilim oranlart analiz edilmistir.

Tablo 5
Kadercilik anlay1s: istatistiksel analizi
Hic Biraz Orta derecede Cok Tamamen
katilmiyorum katihyorum katihyorum katihyorum katiiyorum
Faktor Kadercilik Ogrenci Ogrenci Ogrenci Ogrenci Ogrenci
sayisl sayisl sayisl sayisi sayisl
% % % % %
S1: Isimde
denexter ) 53 38 47 13 14
. 321 23 28.5 7.9 8.5
risk almaktan
kagimamam.
S2: I:'Jniversitede 25 47 48 20 25
islerin en kisa yoldan 15.2 285 29 1 121 15.2
yapilmasi1 onemlidir. ' ' ' ' '
S3: Ne yaparsam
yapayim kazalarin 56 44 43 9 13
gerceklesmesini 33.9 26.7 26.1 55 7.9
engelleyemem.
igreﬁglzl?grrl bir pargasi 325§ 2 44 g 5 f (2) 1 112 712
olarak hos gortiliir. ' ' ' ' '
S5: Universitede is
sagligi ve giivenligini 74 30 43 10 8
geligtirmek i¢in hi¢ bir 44.8 18.2 26.1 6.1 4.8
sey yapamam.
S6: Universitede
sadece birkag kisi is 53 28 57 18 9
sagligi ve giivenligi ile 32.1 17 34.5 10.9 5.5

ilgilenir.

Faktor yiikii en yiiksek olan 1. soruda Ogrencilerin sadece %32.1°1 deneyler sirasinda risk almaktan
kagiamayacagini diisiiniiyor bu da 6grencilerin %67.9’u ciddi herhangi bir risk gergekleseceginde o riski
almayacagini gostermektedir. Ogrencilerin %37.3’ii iiniversitede islerin en kisa yoldan yapilmasi ¢ok
onemlidir derken %15.2si bu diisiinceye hi¢ katilmamaktadir. Kazalarin ger¢ceklesmesine engel olamayacagin
diisiinen dgrencilerin orani orta, ¢ok ve tamamen katiliyorum toplaminda %40’ tir. Ogrencilerin sadece %8’i
kazalarin Oniine gecilemeyecegini diisiinmektedir. Yine ayni sekilde kazalarin 6grenciligin bir pargast ve
tamamen hos karsilanan bir durum oldugunu diisiinenlerin oran1 sadece %7.3’tiir. Ogrencilerin %32.7’si bu
duruma hi¢ katilmazken sadece %35’i orta ve cok derecede katilmaktadir. Ogrenciler kazalarm oniine
gecebilecekleri ve giivenliklerini koruyup korumadiklarini test eden 5. soru ile is sagligi ve giivenligini
gelistirmek i¢in ugrastiklarin ifade etmektedirler. Ogrencilerin sadece %11°i is kazalarin1 engellemek icin is
saglgl ve giivenligi konusunda fazla bir sey yapmadigini ifade etmistir. Ogrencilerin kendileri gibi is
kazalarinin engellenmesi i¢in yonetimi degerlendirdikleri 6. soruda 6grencilerin %49 unun yonetimin sadece
birkag kisiyle is sagligi ve giivenligi ile ilgilendigini ifade ettikleri goriilmiistir. Bu sonuglar
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degerlendirildiginde ¢ok tehlikeli alanda egitim alan Kimya boliimii 6grencilerinin kadercilik anlayiginin
diisiik oldugu; is kazalarimin 6niine gegileceginin diisiiniildiiglinii anlagilmaktadir. Bu durum tehlikeli is grubu
olan marangozlarla Gokge tarafindan yapilan arastirmayla da desteklenmektedir (Gokge, 2020). Yine AFAD
ve itfaiye caliganlan ile yapilan baska bir ¢aligmada da ¢ok tehlikeli olan bu gruplarda da is giivenligi
konusunda kaderci galigmadiklari tespit edilmistir (Motorcu ve Yilmaz, 2020). Kadercilik anlayiginin egitim
seviyesi yiikseldikce diistiigli daha 6nce yapilan arastirmalarla da desteklenmektedir (Yildirim, Akyiiz, Aydin
ve Alevli, 2015).

4. Sonuclar

Bu ¢alismada biiyiik endiistriyel kazalarin dnlenmesinde en 6nemli rolii oynayan Fen Fakiilteleri Kimya
bolimii 6grencilerinin egitim gordiikleri tiniversitelerdeki giivenlik iklimi algilar1 giivenlik ikliminin alt
faktorlerinden kadercilik ile is kazalari, risk ve ISG egitimi iizerinden aciklanmaya c¢alisilmistir. Kadercilik
anlayis1 giivenlige verilen 6nemi ve kontrol edilebilirlik algisimi yansitir. Giivenlik iklimini etkileyen diger
faktorlerden farkli olarak kadercilik anlayisi kaza gegirenlerin yasadigi tecriibelerden veya isyeri hakkinda
farkli algilara sahip olan ¢alisanlarda degisiklik gostermez; kadercilik tiim bunlardan bagimsiz olarak degisime
direng gosterir (Williamson, Feyer, Cairns ve Biancotti, 1997). Kadercilik faktorii ortalama degeri kimya
boliimii 6grencilerinin kaderci yaklasimla kazalar1 degerlendirmediklerini ve kazalarin 6nlenmesi konusunda
kendilerini, yonetimi, tiniversitenin ortamini da sorumlu gordiiklerini géstermektedir. Bu durum kaza nedenleri
ile dogru orantilidir. Tablo 1.’e goére de Ogrenciler kaza nedenlerinde %64.2 oraninda diger 6grencilerin
giivensiz davranislarina, %18.2’sini {iniversitenin ortaminin uygun olmamasina ve %17.6’stm da her iki
etmene birden baglamislardir. Yapilan literatiir ¢aligmalarinda egitim seviyesi ve kadercilik arasinda ters
orantili anlamli farklar oldugu bilinmektedir. Egitim seviyesi ylikseldik¢e kadercilik algisi azalmaktadir
(Y1ldiz ve Yilmaz, 2017; Yildirim vd., 2015; Gokee, 2020; Motorcu ve Yilmaz, 2020; Ruiu, 2012). Is yeri ISG
egitimlerinin de is kazalarinin ve meslek hastaliklarinin 6niine gegilmesi i¢in 6nemli oldugu bilinmesine
ragmen yapilan literatiir calismalarinda iiniversite 6grencilerine verilen ISG egitimlerinin giivenlik algilarin
degismesini saglamadig1 goriilmektedir (Topgiil ve Alan, 2017; Sivrikaya ve Uziim, 2018). Bu calismada da
ISG egitimi alan dgrencilerle is kazas1 gecirme arasinda anlamli bir fark olmamasi bu savi desteklemektedir.
Aragtirmanin, endiistride 6zellikle ¢ok tehlikeli sinifta yer alan sektorlere insan kaynag yetistiren farkli teknik
boliimler i¢in genisletilmesi literatiire 6nemli katki saglayacaktir.
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