International Journal of
Multidisciplinary Studies and
Innovative Technologies

Volume ;

innovation

« Machine InteraClion

3D Priming Artécal Intefigence
Automation Big Data Biomedical
Technologies  Biotechnology
Creative and Design Thinking Cognitive

Systems Eloctrical & Electronics Energy Food
LIS Green Technology G
Industry 4.0 Information  Security
REZD Management Intellgent Comum
hons Robotic Knowledoe Engineering
Nanotechnology Mo v Ls ) Mate
nal Technologies
Quaity Engineerning Swgnal and
Processing Smulation Sn
Soft
Computing Technadogual Entreprencuriiy
Virtoal Beakry

Unmanned Aaval Vehico ks




International Journal of

Multidisciplinary Studies and Innovative Technologies

Year :2017

Volume : 1

Issue : 1

Prof. Dr. Fedai Inanir, Yildiz Teknik
University, Turkey

Prof. Dr. Filiz Ers6z, Karabiik
University, Turkey

Prof. Dr. Ismail Rakip Karas, Karabiik
University, Turkey

Assoc. Prof. Dr. Ayse Giil ince,
Akdeniz University, Turkey

Assoc. Prof. Dr. Enes Dertli, Bayburt
University, Turkey

Assoc. Prof. Dr. M. Emin Aydin,
University of the West of England,
UK

Assoc. Prof. Dr. Oguz Findik,
Karabiik University, Turkey

Assoc. Prof. Dr. Tolga Karakdy,
Cumhuriyet University, Turkey

Editor-in-Chief

Assistant Editor

Asst. Prof. Dr. Ebubekir YASAR

Editorial Board

Assoc. Prof. Dr. Yahya Altunpak,
Abant {zzet Baysal University, Turkey

Assist. Prof. Dr. Ali Durmus, Erciyes
University, Turkey

Assist. Prof. Dr. Berna Saragoglu
Kaya, Cumhuriyet University, Turkey

Assist. Prof. Dr. Engin Sahin, Bayburt
University, Turkey

Assist. Prof. Dr. Esra Ugar S6zmen,
Cumhuriyet University, Turkey

Assist. Prof. Dr. Kazim Hanbay,
Bing6l1 University, Turkey

Assist. Prof. Dr. Mete Celik, Erciyes
University, Turkey

Assist. Prof. Dr. Muharrem Diigenci,
Karabiik University, Turkey

Asst. Prof. Dr. Turgut OZSEVEN

Assist. Prof. Dr. Murat Canayaz,
Yiiziincii Y1l University, Turkey

Assist. Prof. Dr. Murat Topal, Munzur
University, Turkey

Assist. Prof. Dr. Onder Giirsoy,
Cumhuriyet University, Turkey

Assist. Prof. Dr. Recep Ozdag,
Yiiziincii Y1l University, Turkey

Assist. Prof. Dr. Siikrii Yildiz, Ahi
Evran University, Turkey

Assist. Prof. Dr. Taner Ersoz, Karabiik
University, Turkey

Assist. Prof. Dr. Umit Atilla, Karabiik
University, Turkey

Assist. Prof. Dr. Yasar Ozyigit,
Akdeniz University, Turkey



International Journal of Multidisciplinary Studies and Innovative Technologies

Year: 2017, Volume: 1, Issue: 1

CONTENTS
Integration of Vocational Schools to Industry 4.0 by Updating Curriculum and Programs ................ 1-3
Atik Aliminyumdan Elde Edilen Matrise Grafen Takviyesiyle Uretilen Kompozitlerin Ozelliklerinin
INCRLEIIMES . ...tttk b e ittt eb e s bt e she e s R bt e R b e b e e b e e bt e b e e ebneenreenre e 4-8
Genetik Algoritma Kullanilarak Agirliklandirilmis Myriad Filtrelerin Optimizasyonu.................... 9-14

Ekolojik Malzemeler Kulllanarak Uretilen Is1 Yalitim Levhalarmin Ozelliklerinin Incelenmesi ... 15-17

Fosfojips ve Perlit Katkili Sivalarin Su Emme Miktarlarinin 24 Deneysel Tasarim Yontemiyle

BEIITTENMESI. ...t 18-20
Evaluation of Recovery of Aquatic Plants Used in Wastewater Treatment and Discharged as

WVBSTE ..o e 21-23
Siber Saldir1 Yontemleri ve Tirkiye nin Siber Giivenlik Mevcut Durum Analizi ........c..cccccvevenene 24-28
The Effect of Cold Rolling on Mechanical Properties of Zircaloy-4 ............ccooviviiineniicicinnnn 29-35

The Effect of Production Parameters on Secondary Dendrite Arm Spacing (SDAS) and Estimation of
Cooling Rate by SDAS in Functionally Graded Al-Cu Eutectic AlOY..........ccooveviveienieiineiesieee 36-41

Patlatma Kaynakl1 Yer Hareketi I¢in Bilgisayar Yaziliminin Geligtirilmesi ............ccoovevrvevernnene. 42-46




‘ International Journal of \N’O'u:e :i
umboer:

Q Multidisciplinary Studies and Vear: 2017

IJMSIT Innovative Technologies pages: 1- 3

Integration of VVocational Schools to Industry 4.0 by Updating Curriculum
and Programs’*

Ali Durmus!” and Abdulkadir Dagh?

Department of Electricity and Energy, Kayseri Vocational College, Erciyes University, Turkey
*Corresponding author: alidurmus@erciyes.edu.tr

Abstract — In recent years, the industry has been trying to meet our sectorial requirements in an innovative, reliable and fast
manner. For this reason, Industry 4.0, this is a new industrial reform that has been linked to industrialization studies, initiated
high-tech strategy, real-time data processing and cyber-physical systems. The first step is to be taken in the field of education
in order for Turkey to develop a qualified workforce, export the values it produces and become a country that has a say in both
the region and the international arena. It is seen that most of the unemployment rates in our country are made by college
graduates. This demonstrates the necessity of updating appropriate programs and curriculums in developing technology.
Especially in the industry, low cost, high quality and fast production oriented approaches are on the agenda, necessitating the
use of advanced technologies. Therefore, curriculums need to be refreshed so that they can be integrated into the Philosophy of
Industry 4.0 of the Vocational School laboratories. Thus, it is possible that graduates of the programs compliant with the
Industry 4.0 curriculum can be employed in the smart factories created in their own field. This work; The aim was to draw
attention to the need for the upgrading of higher education programs in order to train the staff to adapt to the industry's
reforms.

Keywords — Vocational Training, Industry 4.0, Curriculum, Integration, Innovations

I. INTRODUCTION the movement of labor as well as capital mobility has
increased significantly in the world. Received diplomas and
certificates not only on a national scale is inevitable that the
worldwide recognition. The need for the development of
curriculum for vocational schools has therefore arisen [3].

Curriculums of Vocational Schools need to be re-audited so
that they can keep pace with the rapidly changing industry
conditions in recent years. Although protocols have been
made for the development of laboratories within the scope of
industry-university cooperation, the expected yield has not
been obtained [4]. Therefore, it is not possible for the
graduates of existing programs to be employed in sectors
adapted to Industry 4.0. This will require specialized staff
especially in areas such as data analysis, software, cyber
security, robotic applications, mechatronics, digital business
processes. Vocational education curricula developed on the
basis of qualified, innovative and competitive foundations not
only contribute to the countries applying them but also to the
development of countries on a global scale. Technical
schools; curriculums of programs such as Mechatronics,
Electricity, Electronics, Biomedical Device Technology,
Automotive, Machinery, Computer Programming, Logistics
should be made compatible with Industry 4.0.

Concept 'Industry 4.0" first emerged in Germany in 2011
and has become a rising value in the world due to the
economic and social benefits it provides especially in the
field of production. The Industry 4.0 revolution refers to the
transformation of production structures into digital systems
using information technologies [1]. Innovative technologies
emerging from industrial revolutions have been the result of
some professional groups and have led to the emergence of
new business lines. In this context, it is inevitable that
Vocational Schools which provide technical education in
particular should update the curriculum and laboratory
facilities by adapting to Industry 4.0. The first step is to be
taken in the field of education in order for Turkey to develop
qualified labor force, to export the values it produces, and to
become a country with both regional and international talents.

Today's education systems cannot be adapted to the rapid
development of working life. For this reason, many
employers do not have the technical staff with the application
skills they are demanding. For this reason, many employers
do not have the technical staff with the application skills they
demand. According to a field assessment of McKinsey with
employers and newly graduated people, approximately 40%
of employers show a lack of skills as the primary reason for
not being able to find people suitable for basic jobs [2, 3]. . . i

Today, particularly in the fields of information and The steam-powered mechanical systems in the first
technology, the developments rapidly change the md_ustrlal revolutlpn have been transformgd into a structure in
qualifications of the desired workforce in the period of  Which cyber-physical systems take place in a very short time.
expansion and contraction of the economy. In order to be able In the first industrial _revolutlon, mechanical production
to adapt to this rapid change, especially the vocational ~Systems emerged by using water and steam power. In the
training parts of higher education institutions have to train the ~ ©Ng0ing process, mass-producing technologies have emerged
qualified personnel to meet the needs of the industry. It is  USing electric energy and this is called the second industrial

only through providing qualified vocational training. Today, ~revolution. At the beginning of the 1970s, the automation of
production processes, along with the intensive use of

Il. HISTORY OF INDUSTRIAL REVOLUTIONS

*This is an extended version of a conference paper (ISMSIT2017). 1
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electronic technology, led to digital transformation, making
the production processes in the industry faster. The industrial
revolutions can be described as follows: production with the
help of machines, serialization of production, automation of
production, and finally the 4th industrial revolution,
adaptation to the production systems of information and
communication technologies. In summary, these processes
led to a shift from muscle strength to mechanical strength [5].
We can define the fourth industrial revolution as the
digitalization of the industry by communicating all the
structures within the production systems. This revolution,
which accelerates the production processes by making all the
units in the production systems communicate with each other
over the internet, promises that intelligent systems will be in
all areas.

I11. VOCATIONAL AND TECHNICAL EDUCATION

Vocational and Technical Education should provide the
students with appropriate information equipment in
accordance with the requirements of the advanced age in their
general skills. Vocational and Technical Education
structuring in our country should have a system that aims to
social and economic development of the country, provides a
possibility to meet the needs of everyone who wants to be a
profession, provides a practical training in laboratories
equipped with new technology and cooperates with all
common working partners. With a strong vocational training,
it will be possible for individuals to acquire new skills, to
switch between different disciplines and to acquire them from
the source of knowledge. At the same time, increasing the
competitiveness in the global world, providing employment
in many areas including production and service area, and
preventing unemployment will also be through healthy and
structured Vocational and Technical Education. Today, the
rapid development in knowledge and technology has caused
some of the existing professions to disappear and the grounds
for the emergence of new professions. At the same time, at
the beginning of this century, various economic and social
problems emerged under the influence of globalization and
rapid change, and states used public resources as grants in
order to solve these problems, thus causing large scale
financial problems. There is a need for a more active and
innovative Vocational and Technical Education system that
will address many of these and similar problems, starting
with the fact that the various risk areas that come to the
square are also making life difficult [6].

In Council of Higher Education (YOK) legislation;
vocational colleges are defined as higher education
institutions aiming at raising qualified human resources for
certain professions, continuing education for two years and
giving degree of associate degree. To students who are
entitled to graduate from this school; who graduated from
technical programs take the title of "Technician" while
graduates of administrative and social sciences take the title
of "Professional Staff" bearing the name of the department
where they graduated [7].

When assessed according to world standards, the
Vocational and Technical Education structure in our country
is not in a position to meet the needs of the sector and to
follow technological progress closely. It is foreseen that the
joint work of all stakeholders in the system necessitates the
restructuring of Vocational and Technical Education. Today,
as science and technology develops new professions, Higher

Education Institutions are needed to meet the qualified
human needs of these professions. Therefore, it is inevitable
to update the curriculum of theoretical and practical courses
in Vocational and Technical Education Institutions.

Table 1. Electrical Program Course Plan

1. Semester Course Plan

Cqurse Course unit title Lecture Rpfc't Locgl ECTS
unit code ation Credits
MATO011 Mathematics-1 4 0 4 4
BIK011 Computer Applications 2 0 3 3
TBI011 Scientific Principles of Technology 2 0 3 3
EEO011 Electric And Electronic Measurements 3 1 6 6
DDA011 Direct Current Circuit Analysis 3 1 4 4
TURO011 Turkish Language-I 2 0 2 2
ATI011 P. of Ataturk and His. of Turkish Rv-I 2 0 2 2
MYD Foreign Language-I 2 0 2 2
ENY Energy Management 1 1 2 2
TES011-4 Complem. Electric Serv. And Systems 1 1 2 2
TOTAL 22 4 30 30
11. Semester Course Plan
Sr?:: rcss de Course unit title Lecture St?glr: Cl_rgfi?tls ECTS
MATO011-B Mathematics-11 2 0 2 2
BDT011-B Computer Aided Design-1 1 2 2
ADAO011-B Alternative Current Circuit Analysis 3 1 3 3
AEL011-B Analog Electronic 3 1 3 3
EST011-B Electric Network Installations 1 1 2 2
LMO011-B Electric Machines-I 3 1 3 3
TURO011-B Turkish Language-I1 2 0 2 2
MYD Foreign Language I1 2 0 2 2
ATI011-B P. of Ataturk and His. of Turkish Rv-I1 2 0 2 2
OTT011-4 Special Installation Techniques 3 1 3 3
STJ011-B Summer Practice-| 0 7 6 6
TOTAL 22 13 30 30
111._Semester Course Plan
Sr?:: rcss de Course unit title Lecture St?glr: Cl_rgfi?tls ECTS
BDT011-3 Computer Assisted Design-11 1 1 2 2
SAE011-3 Digital Electronic 3 1 5 5
ELMO011-3 Electric Machines-I1 3 1 4 4
EBA011-3 Electric Maintenance And Troubles. 1 1 2 2
SAT011-3 System Analysis And Design-1 1 1 3 3
EUDO011-3 Pro.Tran. and Distr. of Elect. Energy 3 1 4 4
YGT011-4 High Voltage Techniques 1 1 2 2
TOTAL 13 7 22 22
Elective Course
EKS011-3 The Systems of Electromec. Rem. Con. 3 1 4 4
SRT011-3 Winding Technique 3 1 4 4
TTO011-3 Telecomunication Technology 3 1 4 4
TOTAL 21 10 30 30
1V. Semester Course Plan
Co_urse Course unit title Lecture Re_cn LOC?' ECTS
unit code ation Credits
GUE011-4 Power Electronics 3 1 4 4
ETP011-4 Electricity Installation Plans 3 1 4 4
PLDO011-4 Programmable Controllers 3 1 4 4
SATO011-4 System Analysis And Design-I1 1 1 2 2
SKP011-4 Agreement, Inspection And Plan 3 1 3 3
FIT011-4 Factory Manufacture Techniques 1 1 2 2
STJ011-4 Summer Practice-11 0 7 6 6
TOTAL 14 13 25 25
Elective Course
Course Course unit title Lecture | Recit Local ECTS
unit code ation Credits
EKE011-4 Industrial Control And Elements 1 1 2 2
1SU011-4 Advanced Digital Practices 3 1 3 3
TOTAL 18 15 30 30

I\VV.RECOMMENDED COURSES FOR INDUSTRY 4.0

With the fourth industrial revolution, labor qualifications
in the primarily service and production sectors are expected
to change. In particular, vocational training institutions
should re-examine their course content, course descriptions,
curricula and program outputs, focusing on trained human
resources that Industry 4.0 already needs. Industry 4.0's
workforce expectations are technology use, knowledge
competence, motivation for learning, problem solving,
cooperation, team work, easy adaptation of change, agility
etc. Therefore, we have to raise skills-based, software-driven,
coding-aware, production-minded, creative, entrepreneurial
young people. The factories of your future are now looking
for more outcome-focused employees who know how to
make assessments and solve problems.
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Under normal conditions, some of the features sought in
engineers now need to be found in intermediate stages. It will
not be possible to operate the factory of the future with
untrained and unskilled labor. It should also be noted that
68% of the total workforce in our country is in general high
school and under high school. The training of 68% of those
who have profession today does not comply with Industry
4.0. In addition, the remaining 32% of the profession is not
suitable for the future. In this case, we must first question our
vocational education and higher education system [8].

Erciyes University Kayseri Vocational School Electrical
and Energy Department Electrical Education Program
2017/2018 Education Course Plan is given in Table 1. As you
can see from this table, our department has been teaching two
years and four semesters of formal education. The same
curriculum is applied to primary and secondary education
students. In order to graduate from our department, a student
must take a total of 120 ECTS credits and give it
successfully. At the end of the four semesters, the average
grade of a student must be at least two to graduate. In
addition, our students are required to do internship for 20
days at the end of the second and fourth semesters as
industrial application training. The students who graduated
by providing the necessary conditions get the title of
Electrical Technician. Graduates of electrical program have
the opportunity to find jobs in many different sectors.

It needs to be changed in the current curriculum to meet
Industry 4.0 expectations. Topics that will be the basis for
Industry 4.0 are smart factories, sensors, renewable energy
sources, digital data analysis, digital electronics, energy
management, data security, internet traffic, internet of
objects. When we review our course plan under industry 4.0,
many courses from our plan do not fit industry 4.0. From our
current curriculum; Courses such as Energy Management,
Computer Aided Design, Digital Electronics, Power
Electronics, Programmable Controllers, Telecommunication
Technology can be based on Industry 4.0 and its contents are
being updated in this scope to make this cycle more suitable.
In addition, within the scope of the fourth industrial
revolution, the curriculum should be expanded. Lessons that
can be added to the curriculum include lectures such as
Network Technologies, Data Analysis, Data Security, Robot
Technology, Intelligent Factory Systems, Smart Home
Systems, Cloud Computing, Virtual Reality, Next Generation
Control Systems, Custom Designed Electric Machines, Scada
Systems. At the same time, with an innovative approach,
modeling and simulation-based laboratories have to be
established in all sectors, especially in the production and
service sectors of Industry 4.0 technologies. In summary,
Vocational and Technical Education has evolved in line with
the needs and standards of Industry 4.0, and some workforce
with some new features has emerged. As vocational colleges,
we have also introduced the need to add curricula to some of
the new courses in order to train people with these qualities
and to update the appropriate courses that have already been
integrated into the Industry 4.0.

V. CONCLUSION

In this study, it is aimed to train electric technicians who
know and apply the concept of Industry 4.0 by implementing
new curriculum programs that will be prepared in the
framework of the fourth industrial revolution rationale. In

sectors that have been adapted to Industry 4.0, it is not
possible for graduates from existing programs to be
employed. In this context, the need for equipped staff will
arise especially in areas such as data analysis, software, cyber
security, robotic applications, mechatronics, digital business
processes. Technical schools; It is foreseen that curriculums
of programs such as Mechatronics, Control and Automation,
Biomedical Device Technology, Electricity, Electronics,
Automotive, Machinery, Computer Programming, Logistics
should be adapted to Industry 4.0 as well as curriculums must
be updated in Health Science, Social Sciences and Law. The
Vocational and Technical Education curricula, based on
qualified, innovative and competitive foundations, contribute
not only to the countries that apply them but also to the
development of countries on a global scale. It is thought that
the cultivation of human resources is as important as the
intelligent devices and systems for the conversion of the
industry 4.0.
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Atik Aliiminyumdan Elde Edilen Matrise Grafen Takviyesiyle Uretilen
Kompozitlerin Ozelliklerinin incelenmesi®

Burak Oztop!”, Mevliit Giirbiiz?

"Merzifon Meslek Yiiksekokulu, Amasya Universitesi, T lirkiye
2Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, Ondokuz Mayis Universitesi, Tiirkiye
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Ozet — Bu calismada, atik aliiminyum icecek kutularindan elde edilen matrise agirlikca %0.1, %0.3 ve %0.5 oranlarinda grafen
takviyesi yapilmistir. Karigtirmali dokiim yontemi ile kompozit malzemeler iiretilmistir. Grafen yiizde agirlik oranlariin,
iiretilen kompozitlerin yogunluk, sertlik ve mikroyapisina olan etkisinin ne oldugunun ortaya cikarilmasi amacglanmistir.
Kompozitlerin kristal yapilari X-1s1n1 difraktometresiyle (XRD), mikroyapilar1 ise taramali elektron mikroskobuyla (SEM) analiz
edilmistir. Grafen yiizde agirlik oraninin artmasiyla sertlik, 70 HV’den 80,05 HVye yiikselmis ve en yiiksek sertlik %0.1 takviye
oraninda elde edilmigtir. Mikroyap1 analizlerine gore grafen plakalarin Al tane sinirlarina yerlestigi gorillmiistiir.

Anahtar Kelimeler — Atik aliiminyum icecek kutusu, grafen, aliiminyum matrisli kompozit, karistirmali dékiim, sertlik,
mikroyapi.

Investigation of Properties of Composites Produced by Reinforcement
Graphene Matrix Obtained from Waste Aluminium

Abstract — In this study, waste aluminum beverage cans were used as matrix materials which reinforced with %0.1, %0.3 and
9%0.5 wt. graphene. Stir casting method was used to fabricate composites. Effect of the graphene amount on density, hardness
and microstructure of composites was purposed. The crystal structure and microstructure of the composites were analyzed with
X-ray diffraction device (XRD) and scanning electron microscopy (SEM). From the results, the hardness of composites
increased from 70 HV to 80.05 HV for % 0.15 graphene amount. According to microstructural analyses the graphene was located

to aluminum grain boundaries.

Keywords — Waste aluminium beverage can, graphene, aluminum matrix composite, stir casting, hardness, microstructure.

I. GIRIS

Enerji, iletisim, ulagim, havacilik ve uzay sektorlerindeki
teknolojik gelismelerin sonucunda yeni malzemelere olan
gereksinim artmistir. Bundan dolayi, giiniimiiz teknolojisinin
ihtiyaglarii karsilayabilecek ve konvansiyonel malzemelere
gore daha yiiksek 6zgiil mukavemet, yiiksek sertlik, yliksek
asinma direnci, yiiksek 1sil direng ve diisiik yogunluk gibi
uistiin 6zellikler sergileyen kompozit malzemelerin iiretimi ve
kullanimi1 giin gegtikge artmaktadir [1], [2]. Kompozit
malzemeler matris tirine bagli olarak, polimer matrisli
kompozit (PMK), seramik matrisli kompozit (SMK) ve metal
matrisli kompozit (MMK) seklinde ii¢ ana sinifa ayrilmaktadir
[3]. MMK iiretiminde matris olarak siinek metaller olan Al,
Mg, Zn, Cu, Ti ve Ni veya bunlarin alasimlar
kullanilmaktayken; takviye malzemesi olarak ise silisyum
karbiir (SiC), bor (B), grafit, aliimina (A1203), tungsten (W)
ve molibden (Mo) gibi bir ¢ok takviye tiirleri kullanilmaktadir
[4], [5]. Son yillarda teknolojik gelismeler dogrultusunda,
yiiksek dayanim ve hafifligin 6ne ¢iktigi, fiyatin ise ikincil
onemde kaldig1 otomotiv endiistrisi ile uzay ve havacilik
sektoriinde yapilan aragtirmalar, agirlikli olarak aliiminyum
matrisli kompozitler (AMK) iizerinde yogunlasmaktadir.

T This is an extended version of a conference paper (ISMSIT2017).

Genelde AMK'lar toz metalurjisi ya da sivi faz
yontemleriyle iretilmekle birlikte pargacik takviyeli AMK'lar
sivi faz yoluyla daha kolay {iretilmektedirler. Sivi faz tiretim
tekniklerinde en ¢ok kullanilan yontemlerden biri hem diisiik
maliyetli hem de basit bir yontem olmasi nedeniyle
karigtirmali dokiim yontemidir [3], [6], [7].

Grafen, karbon atomlarmin tek diizlemde altigen yapida
dizilmesi sonucu olusan iki boyutlu, bir atom kalinliginda
karbon allotropu bir yapidir [8]. Bilinen en ince malzeme olan
grafenin ¢ekme mukavemeti 130 GPa ve elastisite modiilii 1
TPa’dir [9]. Grafen bu iistin mekanik 6zellikleri nedeniyle
kompozit iiretiminde son yillarda énemli bir takviye elemani
haline gelmistir.

Aliiminyum ve alagimlari, takviye malzemeleri ile fiziksel
ve kimyasal uyumluluk, hafiflik, disik yogunluk, yiiksek
elektrik, yiliksek 1s1 iletkenligine sahip olmalar1 ve genis
uygulama alanlar1 nedeniyle MMK’larda matris malzemesi
olarak tercih edilmektedirler [2]. Son yillarda ingaat, havacilik,
uzay ve ulagtirma gibi bir¢ok alanda kullanilan aliiminyumun
geri doniisiimii, hem dogal kaynaklarin hem de enerji
kaynaklarimin kullanimini azaltacagindan ¢evrenin korunmasi
acisindan dnemlidir [10]. Igecek kutulari, hem aliiminyumun
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en yaygin kullanildigi alanlardan biri olarak hem de
aliminyum geri doniisiim piyasasinin temel tasi olarak
karsimiza ¢ikmaktadir [11], [12]. Bu bilgiler dogrultusunda,
endiistriyel olarak tekrar degerlendirilebilir 6zellikte olan atik
aliminyum icecek kutularinin kompozit malzeme iiretiminde
matris malzemesi olarak kullanilmasi ile iiretim maliyetleri
digiiriilerek  AMK  malzemelerin  ticari  kullaniminin
yayginlasacagi dngoriilmektedir.

Wang vd, toz metalurjisi yontemi ile agirlikga %0,3
oraninda grafen nanotabaka takviyeli aliminyum kompozit
iiretmigler ve takviyesiz Al matrise gére kompozitin ¢ekme
dayaniminin %62 arttigim belirlemislerdir [13]. Rashad vd,
agirlikga 9%0,3 oraninda grafen takviyesi sonucu saf
aliminyumun ¢ekme dayanimu ile sertliginin arttigini, basma
dayaniminin ise distiigiinii gézlemlemislerdir [14]. Gao vd,
toz metalurjisi yontemi ile agirlikga %0.1, 0.3 ve 0.5 oraninda
grafen takviyeli aliiminyum kompozit tiretmislerdir. Grafen
takviyeli aliiminyum kompozitlerin ¢ekme dayanimi
basglangigta artmakla birlikte grafen takviyesinin artmasiyla
azalmis ve kompozitin grafen igerigi %0.3 oldugunda ¢ekme
dayanimi1 maksimuma ulagmigtir [15]. Venkatesan ve Xavior,
karistirma dokiim yontemi ile hazirladiklart %0.33, %0.55
ve %0.77 gibi farkli agirlik oranlarinda grafen takviyeli

aliminyum  metal matrisin  mekanik  6zelliklerini
incelemislerdir. Calisma sonucunda, karistirma dékim
yontemiyle optimum sonuglarin  elde edilmesi igin

agirlikca %0.33 grafen oranimi 6nermiglerdir [16]. Yapilan
calismalardan goriildiigii iizere atik aliiminyumun grafenle
giiclendirilmesine yonelik ¢aligmalarin bulunmamasi ve pahali
toz metaliirjisi yontemlerine alternatif olmasi ¢aligmay1 6zgiin
kilmaktadir.

Il. MATERYAL VE YONTEM

A. Matris ve Takviye Malzemesi

Bu ¢aligmada matris malzemesi olarak daha 6nce yapilmis
caligmalarda kullanilan saf aliiminyum veya ticari aliminyum
alagimlart yerine atik aliiminyum icecek kutulari, takviye
malzemesi olarak ise kalinlig1 ortalama 5-8 nm, cap1 yaklasik
10 um olan grafen kullanilmigtir. Grafen takviye oranlari
agirlik¢a %0.1, %0.3 ve %0.5 olarak belirlenmis ve kompozit
malzemelerin {iretimi i¢in karigtirmali dokiim yontemi
kullanilmistir.

B. Kompozit Malzemelerin Uretimi

Kompozit iiretimi i¢in Oncelikle matris malzemesi
hazirlanmistir. Hazirlanan bir 6n ergitme diizeneginde igecek
kutular1 yaklasik 1000 °C sicakliktaki ergitme potasinin i¢ine
sirayla atilarak, ergime 6ncesi lizerlerindeki boya tabakasinin
yanmasi saglanmistir. AMK malzeme tiretimi igin karistirma
sistemli elektrikli ergitme firin1 tasarlanmigs ve imalati
yapilmigtir. Dig pota, paslanmaz c¢elik malzemeden imal
edilmigtir. D1s pota lizerine baglanan 1,5 kW giiciinde tek
panjurlu seramik plakali rezistans yardimiyla sicakligi 900
°C’ye kadar ¢ikabilen bir elektrikli firin elde edilmistir. Firin
igerisindeki sicakligin kontrolii i¢in tek modiillii kontrol cihazi
ve standart 8 mm rakorlu M12 K-tip termokupl kullanilmusgtir.
Hem ergitme hem de dokiim potasi olarak kullanilacak sekilde
firinin igerisine paslanmaz celikten yapilan bir bagka pota
yerlestirilmigtir. Takviye malzemesinin matris igerisine
karistirilabilmesi igin devir sayisi ayarlanabilen (200-3000
rpm) masa Ustii mekanik karigtirici kullamilmustir. Mekanik

karistiricida  kullanilan  karigtrma mili, paslanmaz ¢elik
malzemeden ve bir ucu 40 mm ¢apinda dort kanatli olarak imal
edilmistir.

Atik aliminyumdan elde edilen matris malzemeleri, hassas
terazide tartilarak agirliklar: tespit edilmistir. Tespit edilen bu
agirhiklara gore de grafen parcaciklary, belirlenmis olan
agirlikca yiizde takviye oranlarma (%0.1, %0.3 ve %0.5) gore
tartilarak hazirlanmistir. Ergitme firminin sicakligi 700-750
°C’ye cikarilarak, grafen ilaveli matris malzemesi ergitme
potasinin i¢ine konulmustur. Potadaki matris malzemesi
ergidikten sonra karigtirma islemi sirasinda sivi metalin
takviye malzemesini 1slatma yetenegini arttirmak ve matris-
takviye ara yiizeyi olugturmak i¢in sicaklik 630-650 °C arasina
indirilmistir. Eriyik karigim, 400 rpm hizla 5 dakika
karistirilmistir. Sicaklik 700 10 °C’ye ¢ikarilarak karisim
yine ayni hizla 1 dakika daha karistirilarak homojenlestirme
yapilmistir. Karisim bu sicaklikta 10 dakika bekletilmis ve
dokiim isleminden hemen once yiizeyindeki oksit filmi
almmugtir. Daha sonra karigim, 6nceden 1sitilmuis (450-500 °C)
metal kaliba dokilmiistiir. Katilagincaya kadar kalip iginde
bekletilen kompozit malzeme, sonrasinda kaliptan ¢ikarilarak
sogumast i¢in oda sicakliginda bekletilmistir.

Numuneler Cizelge 2.1°de gosterildigi sekilde kodlanmustir.

Cizelge 2.1. Malzeme kodlart

Malzeme Kod

Al AL

Al - % 0.1 Grafen | ALGRO1
Al - % 0.3 Grafen | ALGR03
Al - % 0.5 Grafen | ALGRO05

C. Yogunluk ve Porozite Olgiimii

Uretilen kompozit malzemelerin ve takviyesiz matris
malzemesinin deneysel olarak yogunluk Slgiimleri Arsimet
prensibi kullanilarak gerceklestirilmistir. Karigimlar kuralina
[(matris yogunlugu x ylizde matris agirlik orani) + (takviye
malzemesi yogunlugu x yiizde takviye agirlik orani)] gore ise
teorik yogunluklar1 belirlenmistir. Malzemelerin teorik
yogunluk ile 6lgiilen gercek yogunluk degerleri kullanilarak
porozite oranlari,

% porozite = ( Pteorik = Pdeneysel / Pteorik ) . 100 (1)

formiilii ile hesaplanmaistir.

D. Sertlik Ol¢iimii

Takviyesiz matris malzemesinin ve {retimi yapilan
kompozit malzemelerin sertliklerini tespit etmek ve artan
agirhikga takviye oranlarina bagli olarak kompozit
malzemelerde meydana gelen sertlik degisimlerini belirlemek
icin sertlik Olctimleri Vickers sertlik Ol¢lim yOntemi
kullanilarak gergeklestirilmistir. TMTECK marka HV-1000B
tipi sertlik 6l¢iim cihazinda 20 saniye siire ile 1.96 N (200 g)
yik altinda her bir numune i¢in 6 kez Ol¢clim yapilmis ve
6l¢iilen degerlerin ortalamalar1 alinarak sertlik degerleri tespit
edilmistir.

E. Mikroyap: Analizi

Uretimi  gergeklestirilen  kompozitlerin ~ ve  takviye
malzemesi olarak kullanilan grafenin X-1ginlar1 kirinim (XRD)
analizleri, Rigaku Smartlab marka X 1s1m1 kirnim cihazi ile
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gergeklestirilmistir. Ayrica hem grafenin mikroyap: analizi
hem de kompozitlerden hazirlanan numunelerin kirik
yiizeylerinden gergeklestirilen mikroyap1 incelemeleri igin
EDS donanimli Jeol JSM 7001F tipi taramali elektron
mikroskobu (SEM) kullanilmaistir.

1. BULGULAR VE TARTISMA

A. Sertlik
Takviyesiz matris malzemesi ile grafen takviyeli kompozit

100
80

2,800

2,699 2,699 2,698

2,700

H Teorik

M Deneysel
2,503

Yogunluk (g/fcm?)

0 01 03 05
Agirhkca grafen takviye orani (%)

Sekil 3.2. Grafen takviye oranlarinn artisiyla yogunluk degisimi

malzemelerin sertlik degerleri grafik olarak Sekil 3.1°de
80,05
BO

verilmigtir.
774 74
70
70 A
60
50 +
40
30
20 4
10
0 -
a 01 0.3 0.5

Agirhkea grafen takviye oran (%)

Sertlik (HV)

Sekil 3.1. Grafen yiizde agirlik orani ile sertlik degisimi

Grafen yiizde agirhik oranmm artmasiyla kompozit
malzemelerin sertligi 70 HV’den 80,05 HV’ye kadar artmis ve
en yiliksek sertlik agirlikga %0.1 takviye oraninda elde
edilmistir. Bu oranin iizerindeki ilavelerde ise matrise gore
sertlik degerleri daha fazla olmasina ragmen takviye oraniin
artmastyla sertligin diistiigii belirlenmistir. Takviye oraninin
artmasiyla kompozitlerin sertliginde goriilen artig, takviye
malzemesinin sertliginin yani sira ayni zamanda matris
icerisinde topaklanmadan homojen olarak dagilmasi sonucu
gergeklesmektedir. Tozlarin birbiriyle etkilesime girmesi,
homojen olmayan topaklarin olusmasina ve dolayisiyla da
sertligin dlismesine neden olmaktadir. [17]. Agirlik¢a %0.1’in

iizerinde takviye oraninda sertlik degerinin gittikge
azalmasmin, bu duruma bagli olarak gerceklestigi
disiiniilmektedir.

B. Yogunluk ve Porozite

Takviyesiz matris malzemesinin ve kompozit malzemelerin
teorik ve deneysel yogunluklari Sekil 3.2°de, takviye
oranlarina gore porozite oranlariin degisimi ise Sekil 3.3’de
verilmistir. Grafenin yogunlugunun, matrisin yogunlugundan
diigik olmast nedeniyle agirlikga takviye oranlariin
artmasiyla, kompozit malzemelerin yogunluklarinin da
azaldig1 gorilmiistiir. Porozite oranlart ise kompozitler
icindeki grafen takviye oraninin artmasiyla artmistir. Bu sonug
daha 6nceki ¢aligmalarda da goézlenmistir [6], [18]-[20].

74

7.2

7,2
7

7
68 6,74
6,6
6.4 5,20
6,2

6
58 -

0 01 03 05

Agirlikea grafen takviye orami (%)

Porozite (%)

Sekil 3.3. Grafen takviye oranlarinin artigtyla porozite degisimi

C. Mikroyap:

Sekil 3.4’de kompozit iiretiminde kullanilan grafenin XRD
ve SEM analizleri verilmistir. XRD analizinden kullanilan
tozlarin tamamen grafen oldugu, SEM analizinden ise
kullanilan grafenin tist iste istiflenmis ve tabakali bir yapida
oldugu goriilmektedir.

Siddet (a.u)

20 25 30 35 40 45 50 55 60 65 70 75 80

28(derece)

@
Sekil 3.4. Grafen tozlarinin XRD 6rgii deseni (a) ve SEM analizleri (b)

Sekil 3.5°de ise grafen takviyeli aliiminyum kompozitlerin
XRD orgii deseni verilmistir. Sekilden goriildiigii iizere yapida
grafene ait pikin bulunmamasi; kullanilan grafen miktarinin
eser miktarda olmasi ve cihazin deteksiyon limitinin diisiik
olmasindan kaynaklanmaktadir.
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—AL
—ALGRO1

Siddetia.u)

——ALGRO3
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Sekil 3.5. Takviyesiz ve grafen takviyeli Al kompozitlerin XRD orgii deseni

Sekil 3.6°da, iretilen grafen takviyeli kompozitlerin SEM
goriintiileri bulunmaktadir. Kirik yiizey SEM goriintiilerinden
grafen plakalarin (aydinlik bélgeler), Al tane simirlarina
yerlestigi goriilmektedir. Grafen plakalarin tane sinirlarinda
bariyer olarak davranarak dislokasyon hareketini engelledigi
ve mukavemet artis1 sagladigi 6ngoriilmektedir.

Seki

1)

2)

3)

4)

[1]

[2

(31

(4]

(5]

(6]

[71
(8]
(9]
[10]

[11]

[12]

1 3.6. Takviyesiz ve grafen takviyeli Al kompozitlerin kirik yiizey
goriintiileri: (a-b) AL, (c-d) ALGRO1, (e-f) ALGRO3, (g-h)
ALGRO05

IV.SONUC

Atik aliiminyum igecek kutularindan elde edilen matrise
grafen takviyesiyle kompozit malzemelerin iretimi,
karigtirma dokiim yontemi kullanilarak basarili bir sekilde
gerceklestirilmistir.

Takviye yiizde agirlik oranimin artmasiyla sertlik, 70
HV’den 80,05 HV ye yiikselmis ve en yiiksek sertlik %0.1
takviye oraninda elde edilmistir. Bu oranin iizerindeki
ilavelerde ise matrise gore sertlik degerleri daha fazla
olmasina ragmen, artan grafen miktariyla topaklanma
egiliminin artmasi sonucu sertligin diistiigli belirlenmistir.
Takviye yilizde agirlik oranmin artmasiyla, kompozit
malzemelerin yogunluklarinin azaldigi, porozitenin ise
arttig1 tespit edilmistir.

Grafen takviyeli kompozitlerin kirtk yiizey SEM
goriintlilerinden, grafen plakalarin Al tane smirlarina
yerlestigi ve homojen dagildig gorilmistiir.
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Genetik Algoritma Kullanilarak Agirhklandirilmms Myriad Filtrelerin
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Ozet —Bu calismada agirliklandirilmisMyriad filtrelerin evrimsel algoritmalardan olan Genetik Algoritma ile optimizasyonu ele
alinmis ve bu algoritmanin performansi farkli karakteristikteki a-bagimli giirtiltii durumlar igin test edilmistir. Bununla birlikte
Genetik algoritmanin basarimu tiireve dayali klasik bir algoritma ile karsilagtirilmigtir. Myriad filtre yapist son yillarda, diirtii
giiriiltiili ortamlar (6zellikle a-bagimli giiriiltii) i¢in gii¢lii bir dogrusal olmayan filtre yapisi olarak kullanilmaktadir. Bu filtre
yapis1 haberlesme, isaret ve goriintii isleme alanlarina basariyla uygulanmistir. a-bagimli giiriiltii o” min 0< a <2 seklindeki
degisimine baglidir. Burada o=1 durumunda olusan giiriiltii Cauchy dagilimli, =2 durumunda olusan giiriiltii ise Gaussian
dagilimlidir. Evrimsel algoritmalar 6grenme, genelleme yapma, kolaylikla farkli problemlere uygulanabilme ve giiriiltiiye karst
toleranslarindan dolay1 farkli problemlerin ¢oziimiinde siklikla kullanilmaktadir. Yapilan ¢alismalar sonucunda, o-bagimli
guriiltiili durumlar i¢in Genetik algoritma kullanilarak diisiik optimizasyon hatasi ile Myriad filtre agirliklarinin tespit
edilebilecegi gozlenmistir. Genel olarak degerlendirildiginde Genetik algoritmanin Myriad filtrelerin optimizasyonunda basarilt
olduklar1 tespit edilmistir.

Anahtar Kelimeler —Agwliklandiriimis Myriad filtre, a-bagiml giiriiltii, Genetik algoritma.

Optimization of WeightedMyriad Filters Using Genetic Algorithm

Abstract —In this study, Optimization of myriad filters by genetic algorithm from evolutionary algorithms are studied and this
performance is tested for a-stable noise situations in different characteristics. Also performance of Genetic Algorithm is
compared with a derivative based classical algorithm. Myriad filter structure has been used in recent years as a powerful nonlinear
filter structure for impulsive noisy environments (especially a-stable noise). This filter structure has been successfully applied
to the fields of communication, signal and image processing. The a-stable noise depends on the change of a in the form 0 <a <
2. In this case, the noise that occurs in case of a = 1 is Cauchy and the noise that occurs in case of o = 2 is Gaussian distributed.
Evolutionary algorithms are frequently used to solve different problems due to learning, generalization, application of different
problems easily and noise tolerance. As a result of the studies made, for the a-stable noise cases, it has been observed that Myriad
filter weights can be detected with low optimization error by using Genetic algorithms. When evaluated generally, Genetic
algorithm has been found to be successful in optimizing myriad filters.

Keywords —Weighted Myriad Filter, o-stable noise, Genetic Algorithm.

I. GIRIS

Istatistiksel isaret isleme probleminde en iyi ¢oziimii elde
etmek icin genel yaklasim, probleme ait belirli isaret ve
glirtilti modellerinin olusturulmasi1 seklindedir. Ancak bu
yaklagim kullanilarak elde edilen en iyi ¢oziimde kiigiik
sapmalar goz ardi edilmektedir. Klasik istatistiksel isaret
isleme teorisinde istatistiksel karakteristiklerin
modellemesinde Gaussian modeller siklikla kullanilmaktadir.
Gaussian model bazi ger¢ek diinya islemleri i¢in gecerli
olmaktadir. Ancak gergek hayatta birgok Gaussian olmayan
durum meydana gelmektedir. Ornegin, fiziksel islemlerin
biiyiik bir kismi dogada diirtii seklinde olup Gaussian olmayan
dagilimlarla daha kesin bir sekilde modellenebilmektedir.
Diirtii isaretleri ve giiriiltiileri, bir veri dizisi igerisinde, keskin,

meydana gelen atmosferik giiriiltii, okyanus akustik giiriiltiisii
ve telefon kanallarinda anahtarlama gegisleri esnasinda olusan
glirliltiiler, verilebilir [1,2]. Sistemler, Gaussian olmayan
girtiltiili ~ durumlarda  Gaussian modellerle  optimize
edildiginde performans diismesi olmaktadir [2]. Ornek olarak,
dogrusal bir filtre ile filtrelenen herhangi bir veri dizisi iginde
aykir1 degerlerin olustugu durumlarda, filtre performansi
diismektedir. Diirtli giiriiltiisti ile miicadele etmek igin gii¢li
istatistik (robuststatistics) teorisine dayanan birgok teknik
gelistirilmistir [3,4].

Son yillarda, diirtii giiriiltiilii islemlerin tam bir modeli
olarak kabul edilen a-sabitli dagilima dayali isaret igleme
calismalari 6nemli Slgiide artmaktadir [5]. a-sabitli giiriltii
o’nin 0<o<2 seklindeki degisimine baglidir. Burada o=1

sivri veya arada sirada olusan durumlar seklinde karakterize
edilmektedir. Diirtii islemlerine 6rnek olarak, radyo hatlarinda

¥ This is an extended version of a conference paper (ISMSIT2017).

durumunda olusan giiriiltii Cauchy dagilimli, 0=2 durumunda
olusan giiriiltii ise Gaussian dagilimlidir. a-bagimli giiriilti
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®(w)=e """ seklinde bir karakteristik fonksiyona sahiptir.

Burada vy dispersiyon parametresi ve o karakteristik
degiskendir. Myriad filtre yapisi, diirtii giiriiltiilii ortamlar
(6zellikle a-sabitli giirtiltii) icin giliclii bir dogrusal olmayan
filtre yapis1 olarak kullanilmaktadir [6]. Bu filtre yapisi
haberlesme, isaret ve goriintii isleme alanlarina basariyla
uygulanmistir  [6-9]. Temel Myriad filtreden tiiretilmis
AgirlhiklandirilmigMyriad filtre Cauchy dagilimin maksimum
olasilik bolgesi olarak tanimlanir. AgirliklandirilmisMyriad
filtrenin sahip oldugu agirlik degerlerinin optimizasyonu ideal
bir filtrenin tasarlanmasinda 6nemli bir sorundur. Bu nedenle,
literatiirde bu optimizasyon islemi icin klasik algoritmalar
olarak adlandirilan en dik inis metoduna dayanan tiireve dayali
adaptif algoritmalar Kalluri ve Arce tarafindan gelistirilmistir
[9]. Ayrica esnek hesaplama yontemlerinden olan Diferansiyel
Geligim Algoritmasi Zorlu tarafindan
AgirliklandirilmisMyriad filtrelerin agirliklarmin
belirlenmesinde kullamilmistir [10]. Evrimsel stratejilerden
olan Genetik algoritma (GA) fikri J. Holland’a aittir
[11].Genetik algoritma, yonlendirilmis rasgele arastirma
algoritmalariin bir tiiriidiir. Tabii se¢me (seleksiyon) ile
canlilarda  bulunan  genetik  gelisimin  benzetisimini
gerceklestirmektedir. Temel bir GA seleksiyon operatorii,
caprazlama operatérii ve mutasyon operatdriinii ihtiva
etmektedir. Paralel yapisindan dolay1 GA, genis arastirma
uzayini etkin bir sekilde arastirabilir ve operatorleri igerisinde
gecis kurallarin1 uygular. Bununla birlikte standart bir GA
yerel arastirma yeteneklerinin yeterli olmamasi ve erken
yakinsama gibi dezavantajlara sahiptir.

Onerilen makalenin ana amaci , o- bagimli giiriiltii
cevrelerinde dogrusal olmayan AgrliklandirilmigMyriad
filtrenin agirhiklarin1 Genetik Algoritma ile tahmin etmektir.
Ayrica Genetik Algoritmanin performansi tiireve dayal klasik
algoritma ile karsilagtirtlmistir. Farklio- bagimli giiriiltiilii
durumlarda  AgirliklandirilmigMyriad ~ filtre  yapist  bu
algoritmalar kullanilarak optimize edilmistir. Simiilasyon
sonuglari, Genetik Algoritmanin AgirliklandirilmigMyriad
filtrelerinin optimizasyonunda klasik algoritmadan daha iyi
performans trettigini ve sinyallerdeki a-bagimli giiriltiyii
etkili bir gekilde bastirdiginm gostermektedir.

II. AGIRLIKLANDIRILMIS MYRIAD FILTRE

Myriad filtre yapist son yillarda, a-sabitli giirtiltii ortamlar
icin gilicli bir dogrusal olmayan filtre yapis1i olarak
kullanilmaktadir [5-10]. Bu filtre yapis1 haberlesme, isaret ve
goriintii  isleme  alanlarina  basariyla  uygulanmustir.

N
......... sN) = argmln_z log

Myriadfiltre yapisi;
2 2
b3 {K +(si/ﬂ

seklinde bir amag (cost) fonksiyonuna sahiptir. Olusacak
olan myriad degeri, fonksiyonu minimum yapan 3 degeridir.
Burada N, filtre uzunlugu, s;i giris verilerinden alinan Grnek
veri  degerleri, K  ise  dogrusalik  faktoridiir.
AgirliklandirilmigMyriad filtre yapisi, myriad filtre yapisinda
yer alan girig drneklerinin pozitif agirliklandirilmas: ile daha
genel hale getirilmis halidir. AgirliklandirilmisMyriad filtre

Ye :myriad(K;sl,s (0]

2

yapist;
o N ) 2
yk:mynad(K,wlcsl,wzcs2 ......... N osN)zargmlniElIog K W, [si—ﬂ) (2
seklinde bir amag fonksiyonuna sahiptir.

AgirhiklandirilmisMyriad filtre yapisi daha ¢ok uyarlanabilir
yapida kullanilir [6-7]. Yani agirlik degerlerinin bulunabilmesi

10

icin dgrenme algoritmalarma ihtiya¢ duyar. Bundan dolay1
Kalluri and Arce [9] tarafindan denklem 3’te goriilen
algoritma gelistirilmistir.

(y—si)

W, (n+1) = w () +4sgn(e(n) ) ®

2
W.
{1+K'2(ysi)2}

Bu algoritma en dik inis metoduna dayanan tiireve dayali
bir adaptif algoritmadir. Burada w filtre agirlik degerleri, p
adim biiylikliigi, e istenen isaret ile filtre ¢ikisi arasindaki fark,
s filtrenin giris isareti, y filtre ¢ikig isareti ve K lineerlik
faktoriidiir. [6-9].

I1. GENETIK ALGORITMA
Genetik algoritma (GA), tabiattaki kromozomlarin
eslesmesi, mutasyonu ve iyi olanin hayatta kalmasi

prensiplerinden esinlenerek Holland tarafindan gelistirilmistir.
Birden fazla ¢6ziimiin bir arada degerlendirildigi ve ¢6ziimler
arasinda bilgi aligverisinin yapildigi evrimsel algoritmalarin
bir iiyesidir [11]. Probabilistik karakterleri ve ¢oklu miimkiin
coziimleri arama gibi dnemli Ozelliklere sahip olmalar1 ve
ama¢  fonksiyonunun tiirevinin  bilinmesine  ihtiyag
duymamalar1 en 6nemli avantajlarindandir. Baslangigta iyi bir
yaklasik ¢6zlim i¢in, herhangi bir bilgiye ihtiya¢ duyulmamasi
da GA’nn diger bir avantajidir. Genetik algoritma
yonlendirilmis rasgele arastirma algoritmalarinin bir tiiriidiir.
Tabii se¢cme ve canlilarda bulunan genetik gelisimin
benzetimini gergeklestirmektedir. Algoritma diger evrimsel
algoritmalar gibi arastirma uzayinda bulunan ¢6ziimlerin
bazilarmin  olusturdugu bir baslangic  popiilasyonunu
kullanmaktadir. Baslangi¢c popiilasyonu her jenerasyonda,
tabii segcme ve tekrar lireme islemleri vasitasi ile art arda
gelistirilir. En son kusagin en uygun yani en kaliteli bireyi,
problem i¢in optimal ¢dziim olmaktadir. Bu ¢6ziim her zaman
optimum olmayabilir ama kesinlikle optimuma yakin bir
optimal ¢6ziimdiir. Holland, basit bit dizileri kullanarak
karmasik yapilarin kodlanabilecegini gdstermistir. Yapilar
¢oziilecek problem igin ¢oziimleri temsil etmektedir. Bunlar
muhtemel tim ¢6ziimleri igine alan arastirma uzayindan
alinirlar ve bu dizilerin veya ¢oziimlerin belirli bir miktari
genetik algoritmanin kullanacag1 popiilasyonu olusturur. Daha
sonra temel genetik operatorlerin belirli bir kiimesi, art arda
gelen kusaklarda ¢oziimleri gelistirmek amaciyla kullanilir.
Bu islem uygun sekilde kontrol edilirse ¢6zliim
popiilasyonunun ortalama kalitesi ¢ok hizli olarak gelisme
gosterir. Yani, ¢oziilecek probleme ¢ok iyi uyarlanmis yapilari
iceren ¢Oziim kiimesinin ortaya ¢ikmasi saglanir.

Genetik algoritmanin temel blok semasi Sekil 1°de
verilmistir. Baslangigta parametrelerin, uygunluk
fonksiyonunun ve durdurma kriterinin tanimlanmasi gerekir.
Daha sonra, parametrelerin temsili, baslangi¢ popiilasyonunun
olusturulmasi, uygunluk veya kalitenin degerlendirilmesi,
tekrar lireme, ¢aprazlama ve mutasyon gibi genetik islemlerin
yapilmasi gerekir. Durdurma kriteri saglaninca optimum
¢ozlim bulunmus olur. Baslangi¢c yogunlugunun iiretilmesini
takiben, her ¢oziimiin uygunlugu veya iyiligi, segilen bir
uygunluk fonksiyonu kullanilarak degerlendirilir. Uygunluk
fonksiyonu, eldeki veriler dikkate alinarak belirlendigi igin,
bunun se¢imi probleme baglidir. Uygunluk 6l¢ekleme islemi,
bazen daha iyiyi se¢gmek icin elde edilen iyi ¢oziimlerden daha
iyi ¢oziimlere kadar devam ettirilen bir islemdir. Se¢me,
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caprazlama ve mutasyon gibi genetik operatorler, elde edilen
iyi ¢oziimlerden denenmis yeni ¢Oziimler iiretmek igin
kullanilirlar. Bu iyilestirme islemi, daha 6nceden belirlenen bir
jenerasyon sayisina veya tatmin edici bir sonuca ulagincaya
kadar devam ettirilir.

[ Parame trelerin, uygunluk 1
fonks vonunun ve durdurma
kriterinin tammlanmas

) !
Pammetralerin tamasili

'

Bazlanp¢ popilasyonun
clusturulmasn

]

Usgunluk degerlendirilmesi

'

Tekrar fireme izlemi
(Secme)

]

Caprazlama iglemi

‘

hintasyon izlemi

4

Durdurma
feritert

E

Son ¢izim

Sekil 1. Genetik Algoritmanin temel blok semasi

Caprazlama operatorii, var olan iki ¢dziimiin uzantilarinin
belirli bir noktadan itibaren yer degistirmesi ile denenmemis
yeni iki ¢Oziim iiretir. Mutasyon operatorii ise, var olan bir
¢Oziimiin herhangi bir bitinin terslendirilmesi ile yeni bir
¢Oziim tretir [12].

IV.BENZETIM CALISMALARI

Bu ¢alismada, AgirliklandirilmigMyriad filtre yapisi farkli
a- bagimlt giiriiltiilii durumlarda Genetik Algoritma (GA) ve
denklem 3’te verilen klasik algoritma kullanilarak uyarlanir
olarak optimize edilmis ve filtre agirlik degerleri tespit
edilmistir. Bu amagla, AgirliklandirilmigMyriad filtrelerin
optimizasyonu i¢in kullanilan blok sema Sekil 2’de
verilmektedir. Bu sekle gore, x(n) giiriiltiisiiz giris isaretini,
v(n) - bagimh girilti isaretini, s(n); v(n) ile x(n)’in
toplanmasi ile elde edilen giriiltiilii isaretini, d(n); x(n)
isaretinin algak geciren sonlu impuls cevaplt (FIR) filtreden
gecirilerek  elde  edilen  istenilen  isareti,  y(n)
AgirhiklandirilmisMyriad filtre ¢ikisinda olusan isareti, e(n)
ise y(n) ile d(n) arasinda olusan hata degerini temsil
etmektedir.

11

FIR filtre
x(n) . d(n)
gﬁﬁilﬁisiiz (Alcak Gegiren) istenen
isaret isaret
+ s(n) ) ¥

Agirliklandirilms
Myriad filtre

aiiriiliili

+
*)
y(n)
e(n)

V(l’l) hata
giiriiltii
Algoritma
(GA/ Klasik)
Sekil 2. AgirliklandirilmigMyriad filtre optimizasyonu
Yapilan benzetim c¢alismalarinda Sekil 2°de verilen

optimizasyon islemlerinde, AgirliklandirilmigMyriad filtre
cikist ile istenilen ¢ikis arasindaki hata (MSE-
MeanSquareError - ortalama en kiigiik karesel hata) minimize
edilinceye kadar GA tarafindan optimize edilmistir.
Optimizasyonlarda kullamilan giris isareti x(n)=sin[0(n)],
,L-1 seklinde 0(n)=(w/3)*[L/(L-1)][n/L-1]%radyan
frekansina sahip chirp tipinde bir isaret olup Sekil 3’te
verilmektedir. Istenilen isaret, d(n); x(n) isaretinin kesim
frekans1 6= /50 ve N=11 pencere uzunluguna sahip algak
geciren FIR filtreden gegirilmesi ile edilir ve Sekil 4 ‘te
verilmektedir. x(n) ve d(n) isaretlerinin veri uzunluklari L=256
olarak sec¢ilmistir.

1 T T

0.5

L L L
0 50 100 150 200

Sekil 3. x(n) giiriiltiisiiz giris isareti

1 T T T T

i i [ i
100 150 200 250

Sekil 4. d(n) istenilen isaret

Benzetim ¢aligmalarinda x(n) isaretine eklenen giiriiltii
isareti olarak, 0=0.5, 1.0 ve 1.4ve y=0.1 parametrelerine sahip
farkli a-sabitli giriltiler kullanilmistir.  Optimizasyon
islemlerinde Myriad filtre yapis1t GA ve klasik algoritma ile bu
giiriiltiilerin eklendigi giiriiltii isaretler ile egitim islemine tabi
tutulmus ve Myriad filtre agirlik degerleri (w) elde edilmistir.
Algoritmalarin bagarimlarinin karsilagtirilmasi i¢in Myriad
filtre yapis1 egitim islemindekinden farkli giiriiltiilii igaretler
ile test iglemine tabi tutulmustur. Egitim iglemleri sonucunda
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elde edilen Myriad filtre agirlik degerleri (w), egitim ve test
islemleri neticesinde tespit edilen istenilen ¢ikis igareti [d(n)]
ile Myriad filtre ¢ikiginda olusan isaret [y(n)] arasindaki MSE
degerleri Tablo 1, 2 ve 3’de goriilebilmektedir. Bununla
birlikte egitim ve test islemlerinde kullanilan giriiltiilii giris
isaretleri [s(n)] ile GA ve klasik algoritma kullanilarak
optimize edilen Myriad filtre ¢ikiginda olusan isaretler [y(n)]
Sekil 5, 6 ve 7°de verilmektedir.

Tablo 1. 0=0.5ve y=0.1 degerine sahip giiriiltilii s(n) isareti igin egitim ve
test islemlerinde elde edilen hata (MSE) ve Myriad filtre agirlik degerleri

Test hata
degeri
(MSE)

Egitim hata|
degeri
(MSE)

Myriad filtre agirhk
degerleri

wi= 1.8126; wo= 0.7862;
ws= 0.8164; ws= 0.9328;
ws= 0.4945; we= 0.5298;
wr=5.9862; ws= 0.6613;
Wo= 0.3057; wio=1.2372;
wii= 0.6126

wi= 0.1355; wo= 0.1757;
ws= 0.3325; wa= 0.5407;
ws= 0.8522; wes= 0.8942;
wr= 0.8015; ws= 0.5430;
Wo= 0.3314; wio= 0.1854;
wi1=0.1050

Algoritma

Klasik 0.0638 0.0783

GA 0.0104 0.0242

25

0 50 100 150 200 250

Sekil 5.(a). Egitim igleminde kullanilan a=0.5ve y=0.1parametrelerine sahip
s(n) giirtiltila giris isareti

|

0 50 100 150 200 250

Sekil 5(b). test isleminde kullanilan 0=0.5ve y=0.1 parametrelerine sahip
s(n) giirtiltiilii giris isareti

12

1

08

06

0.4

0.2

0

0.2

0.4

06

08

[] 50 100 150 200 250

Sekil 5(c). a=0.5ve y=0.1 degerine sahip giiriiltiilii s(n) isareti igin test islemi
sonucunda, klasik algoritma ile optimize edilen Myriad filtre ¢ikisinda
olusan y(n) isareti

Sekil 5(d). 0=0.5ve y=0.1 degerine sahip giiriiltiilii s(n) isareti i¢in test islemi
sonucunda, GA ile optimize edilen Myriad filtre ¢ikisinda olusan y(n) isareti

Tablo2. a=1.0ve y=0.1 degerine sahip giiriiltilii s(n) isareti i¢in egitim ve test
islemlerinde elde edilen hata (MSE) ve Myriad filtre agirhk degerleri

Test hata
degeri
(MSE)

Egitim hata
degeri
(MSE)

Myriad filtre agirhk
degerleri

wi= 0.9813; wo= 0.5779;
wz= 0.7539; ws= 0.3825;
ws=0.7033; we= 0.4483;
wr= 0.4224; ws= 0.8826;
wo= 0.1900; wio= 0.2028;
wi1=0.1993

wi= 0.0658; w>= 0.0923;
ws= 0.1864; ws= 0.3421;
ws= 0.4964; we= 0.6339;
w7= 0.5915; ws= 0.4647;
wo= 0.3167; wio= 0.1899;
wi=0.1571

Algoritma

Klasik 0.0609 0.0440

GA 0.0209 0.0131

-10
0

50 100 150 200 250

Sekil 6(a). Egitim isleminde kullanilan o=1.0ve y=0.1 parametrelerine sahip
s(n) giiriiltiilii giris isareti
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160 léO 260 ZéO
Sekil 6(b). Test isleminde kullanilan a=1.0ve y=0.1 parametrelerine sahip
s(n) giirtiltili giris isareti 0 50 10 150 0 250

Sekil 7(a). Egitim isleminde kullanilan o=1.4ve y=0.1 parametrelerine sahip
s(n) giiriiltiilii giris isareti

L L L L
100 150 200 250 4
Sekil 6(c). a=1.0ve y=0.1 degerine sahip giiriltiilii s(n) isareti i¢in test iglemi
sonucunda, klasik algoritma ile optimize edilen Myriad filtre ¢ikiginda 5 - - oo s pe
olusan y(n) isareti
Sekil 7(b). Test isleminde kullanilan a=1.4ve y=0.1 parametrelerine sahip

s(n) glriltilii giris isareti

Sekil 6(d). o=1.0ve y=0.1 degerine sahip giiriiltiilii s(n) isareti i¢in test islemi
sonucunda, GA ile optimize edilen Myriad filtre ¢ikiginda olusan y(n) isareti Sekil 7(c). a=1.4ve y=0.1 degerine sahip giiriiltiilii s(n) isareti i¢intest iglemi
sonucunda, klasik algoritma ile optimize edilen Myriad filtre ¢ikisinda

olusan y(n) isareti

Tablo3. o=1.4ve y=0.1 degerine sahip giiriiltiili s(n) isareti igin egitim ve test

islemlerinde elde edilen hata (MSE) ve Myriad filtre agirlik degerleri
. < Egitim hata| Test hata
Algoritma | Yyriad fltre agurlik degeri | degeri
g (MSE) | (MSE)
wi= 0.2886; w2= 0.415;
ws=0.5227; ws= 0.6397;
. ws=0.9361; we= 0.8760; 0.0187
Klasik [9] |\ = 0.9562; we= 0.6250; [9] 0.0240
wo= 0.4537; wio= 0.3902;
wn= 0.2818 [9]
wi= 0.1415; wo=0.2121;
ws= 0.3341; ws= 0.5503; Sekil 7(d). o=1.4ve y=0.1 degerine sahip giiriiltiilii s(n) isareti icin test islemi
ws=0.7602; we= 0.8725; sonucunda, GA ile optimize edilen Myriad filtre ¢ikiginda olusan y(n) isareti
GA w7=0.8094; ws= 0.6025; 0.0155 0.0207
Wo= 0.3396; wio= 0.1969; V. SONUCLAR
wu=0.1087 Bu calisgmada, dogrusal olmayan filtre yapilarindan olan
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Myriad filtre yapisina ait agirliklar Genetik algoritma
kullanilarak tespite dilmistir. Bununla birlikte Genetik
algoritmanin bagarimi literatiirde yer alan tiireve dayali klasik
bir algoritma ile Kkarsilastirilmis ve performans: farkli
karakteristikteki a-bagimli  giiriiltii durumlar igin test
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edilmigtir. Yapilan optimizasyon g¢aligmalarinda, o-bagimli
gliriiltili durumlarda GA’nin  Klasik algoritmadan daha
bagarili oldugu tespit edilmistir. Bununla birlikte GA ile
optimize edilen Myriad filtrenin giris isaretine eklenen a-
bagimli giiriiltityl klasik algoritma ile optimize edilen Myriad
filtreden daha iyi bastirdigi g6zlenmistir. Genel olarak
degerlendirildiginde Genetik algoritmanin Myriad filtrelerin
optimizasyonunda basarili olduklar1 tespit edilmistir.
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Ekolojik Malzemeler Kulllanarak Uretilen Is1 Yalittim Levhalarinin
Ozelliklerinin Incelenmesi'
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Ozet— Giiniimiizde binalardaki enerji tasarrufunun en dnemli béliimii 1s1 enerjisi tasarrufu olusturmaktadir. Yapilarda 1s1 yalitimi
ancak dogru uygulanmis bir 1s1 yalitimi ile saglanabilmekte ve gatilarda da yapinin sagligini korumak amaciyla yalitim iglemleri
uygulanmaktadir. Yalitim binanin ilk yalittm maliyetini arttirmasiyla birlikte, isletme tasarrufu goz oniine alindiginda birey ve
iilke ekonomisine katki saglamaktadir. Ulkemizde énemli miktarlarda tarim iiriinii {iretilmekte ve bunlarin milyon ton bazinda
atiklar1 olugmaktadir. Bu ¢aligma ile findik kabugu, tekstil atiklari, aycekirdegi kabuklar1 ve agag lifleri gibi atik olan iiriinleri
degerlendirerek standartlara da uygun olan yalitim malzemesi {iretilecektir.

Anahtar Kelimeler — Ekolojik malzeme, 1s1 yalitimi, geri doniisiim.

Investigation of the Properties of Heat Insulation Plates Produced by
Using Ecological Materials

Abstract- Today, the most important part of the energy saving in the buildings is the heat energy saving. Thermal insulation on
buildings can only be achieved by properly applied thermal insulation and insulation works are applied to protect the health of
the structure even when it is broken. Insulation contributes to the individual and the country's economy when it comes to
operating savings, with the initial insulation cost increasing. Agricultural products are produced in significant quantities in our
country and their waste amounts to some million tonnes. This study will evaluate the waste products such as hazelnut shells,
textile wastes, sunflower husks and wood fibers and produce insulation material which is suitable to the standards.

Keywords — Ecological material, heat insulation, recycling.

o Tekstil atiklari, tekstil fabrikalarinda iiretim siirecinde ortaya
I GIRI§ ¢ikan veya tiiketicilerin tiikketim sonrasi ¢ikan atiklardir. Bu
Giinlimiizde binalardaki enerji tasarrufunun en Onemli  baglamda, tekstil atiklari, tiiketim dncesi ya da tiikketim sonras1
boéliimiinii 1s1 enerjisi tasarrufu olusturmaktadir. Yapilarda 1s1  olarak smiflandirilir. Tiiketim Oncesi atiklari, otomotiv,
yalitimi ancak dogru uygulanmis bir 1s1 yalittmi ile  havacilik, ev bina, mobilya, yatak, kaba iplik, ev esyalari,
saglanabilmekte ve catilarda da yapinin saghigmi korumak  kagit, giyim ve difer sanayiler i¢in yeniden iiretilen tekstil,
amaciyla yalitim iglemleri uygulanmaktadir [1,2]. elyaf ve pamuk sanayi yan iriinii malzemelerden
Is1 yalittm malzemelerinin se¢iminde, malzemelerin  olugmaktadir. Tiiketim sonras: atiklar, tiiketicinin artik ihtiyag
uygulanabilme kolayligi ile birlikte maliyet onemli bir  duymadigl ve atmaya karar verdigi, herhangi bir giysi ya da
faktordiir. Yalitim binanimn ilk yatirim maliyetini arttirmasiyla  tekstil materyallerinden yapilan ev esyalar1 olarak tanimlanir.
birlikte, isletme tasarrufu g6z oniine alindiginda birey ve iilke ~ Bu materyaller ya ¢ok eskidikleri ve yiprandiklari igin ya da
ekonomisine katk1 saglamaktadir. Onemli olan bina i¢in uygun ~ modast gegtigi i¢in atilirlar [5].
yaliim malzemesi ve optimum yahtim kalmhgm 2010 yih TUIK verilerine gore, belediyelerin 52 tane diizenli
belirlemektir [3]. depolama tesisi, 2 tane yakma tesisi, 5 tane kompost tesisi
Ulkemizde her yil yaklasik 180 bin ton ay cekirdegi bulunmakta olup, bu bertaraf ve geri doniigiim tesislerine
tiiketiliyor. Her y1l yaklasik 250 bin tonun iizerinde sert kabuk  getirilen toplam atik miktar1 14.632.790 tondur ve bu atiklarin
ve 500 bin tonun tizerinde '¢otanak' denilen, yumusak kabuk  10.000 tonunu tekstil atiklar1 olugturmaktadir.
atiginin ortaya ¢ikmaktadir. Tekstil atiklar1 {i¢ ana grup altinda toplanabilir. Birincisi
Ulkemiz yilda 350-600 bin tonluk iiretimiyle diinya findik  suni iplik fabrikalarindan ¢ikan atiklar, ikincisi tekstil imalati
tiretiminin  %65-70’ini saglamaktadir. Bu miktarin biiyiik  atiklary, tiglinciisii ise tiiketicilerin tekstil atiklaridir [6]. Tekstil
kismi kabuksuz olarak satilmakta ve kabuk kismui genellikle — atiklari, farkli uygulama imkénlarna sahip bina insalarinda,
yakacak olarak kullanmakta, ¢ok 6nemsiz bir kismmin da  yeniden kullanilabilir malzeme gruplarim birlestirir. Bu tekstil
pudra haline getirilerek ¢ikolata gibi bazi gida maddelerinde  atiklari, tekstil sektorii kokenli olabilir ya da artik
gida katkisi olarak kullanildigi bilinmektedir [4]. kullanilmayan giysilerden kaynaklanabilir [7]. Polyester iplik
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fabrikalar1 basta olmak tizere fabrika atiklari, islenerek tekrar
iplik ve elyaf haline, atik kumaslar ise yeniden elyaf haline
getirilebilmektedir. Kagit yapimi, dolgu malzemesi, yalitim
malzemesi, yeni iplik iiretiminde de tekstil atiklari
kullanilabilmektedir. Parca kumas biiyiikk oranda geri
kazanilirken iplik fabrikasi atiklar1 yakilmakta veya c¢ope
atilmaktadir.

Bu caligma ile findikkabugu, ay cekirdegi kabugu, cam
kozalagi, tekstil fabrikalarinin  atik  olan  iiriinleri
degerlendirilerek standartlara da uygun olan yaliim
malzemesi tiretilecektir.

Bu yalitim malzemesi ile 1s1 ve ses yalitim olarak en ¢ok
kullanilarak ve ithal olan emsallerine gore yiizde yiiz yerli ve
ekonomik degeri olmayan atik {iriinlerde elde edilecektir. Bu
calisma ile aycicegi sapi, tekstil fabrikalarinin atik olan
iiriinleri degerlendirilerek standartlara da uygun olan yalitim
malzemesi iretilecektir. Bu yalittm malzemesi; Is1 ve ses
yaliim olarak en ¢ok kullanilarak ve ithal olan emsallerine
gore yiizde yiiz yerli ve ekonomik degeri olmayan atik
iiriinlerde elde edilecektir.

1. MATERYAL VE METOT

Findikkabugu, ay ¢ekirdegi kabugu ve ¢cam kozalag gibi
organik atik olan tirtinler, tekstil atiklar1 ve baglayici olarak ta
epoksi regine kullanilacaktir. Karigim oranlari tablo 1°de
gosterilmistir.

Tablo 1.Karisim Oranlari

Bilesenler (gr)
Epoksi regine
Findik kabugu 300 150
Aygekirdegi kabugu 300 150
Cam kozalag1 300 150
Tekstil atiklart 150 150

Ekolojik malzemelerle baglayici olarak kullanilmasi
planlanan epoksi regine karigtirilarak kaliba alinacak ve
olusturulan karigim iniversal test cihaz1 yardimiyla
preslenerek 15x15 cm lik levha haline getirilecektir. (Tablo2)

Uretilen levhanin termokupl yéntemiyle 1s1 katsayisi tayin
edilerek bulunan 1s1 katsayisinin, standartlara uygunlugu
kontrol edilecektir. Expanded polistren (eps), Extrude
polistren (xps) gibi kullanilmakta olan 1s1 yalitim levhalarinin
ozellikleriyle karsilastirilacaktir.

PRESSTIRE SAMPLF
Sekil 1. Karisim islemi ve presleme
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A.  Isi Katsayisin Belirlenmesi

Is1 transferinin fiziki mekanizmas: genellikle oldukga
karmasik olmakla beraber, literatiirde li¢ tiir 1s1 transferi
mekanizmasi tanimlanir. Bunlar;

a) Isiiletimi

b) Isitasmimu

c) Isiigmmmudir

Ist iletimi; bir kati malzeme veya durgun akigkan
icerisindeki sicak bir bolgeden daha soguk bir bolgeye dogru
1sinin gegmesidir. Bir kati cisim iginde sicaklik farklari varsa
yiiksek sicaklik bolgesinden diisiik sicaklik bolgesine 1si,
iletim yolu ile gecer. letimle 1s1 gegisi deneysel gozlemlere
dayanan Fourier kanunu ile belirlenmektedir.

Fourier kanununa gore herhangi bir yonde (6rnegin x
yoniinde) gegen 1s1 miktari, x yoniindeki sicaklik gradyani
(sicaklik degisim miktar1) dT/dx ve 1s1 gegis yoniine dik alan
A ile orantilidir. Fourier kanununun matematiksel ifadesi
Esitlik (1) gibidir.

Qx =-kA 1)

Burada; Qx, x yoniinde ve bu x yoniine dik A alan1 tizerinden
gegen 1s1 miktaridir. Oranti sabiti k, 1s1 iletim katsayist olarak
adlandirilir ve maddenin bir 6zelligidir [8, 9-10].

TH Tc
Levha
— YOIYE  —
enerji
0 A transferi Q
0]
<— —>

Sekil 2. Levha yoluyla enerji transferi

Ill.  BULGULAR VE TARTISMA

Tiirkiye’de harcanan enerjinin yaklasik % 40’1 konutlarda
tilketilmektedir. Bu enerjinin%80’1 de 1sinma amaghdir.
Tirkiye’de tiiketilen enerjinin %065’inden fazlas1 ithal
edilmektedir [10]. Bu yiizden iiretilen malzemeler yapilarda
onemli oranda 1s1 tasarrufuna katki saglayacaktir. Uretilmesi
planlanan 1s1 yalitim levhalari 1s1 yalitimi olarak kullanilan ve
ithal olan emsalleri Expanded polistren (eps), Extrude
polistren (xps) ye gore, ekonomik degeri az veya olmayan atik
iriinlerden elde edilecektir.

Numuneler 1s1l testlerden gegirildikten sonra TSE
standartlarina uygun olan 0,065 k 1s1 yalitim katsayisinin
altinda degerlere ulasilmustir (Sekil 3). Boylece yapilmasi
planlanan ekolojik levhalarin 1s1 yalitim levhasi olarak
kullanilabilecegi bulunmustur.
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K katsayisi

cam kozalagi
tekstil atig
findik kabugu

Ay c¢ekirdegi

0 0.02 0.04 0.06

Sekil 3 Uretilen levhalarin 1s1 iletim katsayilari

IV.  SONUCLAR

Elde edilen plakalarin 1s1 katsayilar1 olglilmiis Expanded
polistren (eps), Extrude polistren (xps) ye goére 1s1 yalitiminin
kot oldugu fakat standartlarin altinda oldugundan yalitim
malzemesi olarak kullanilabilecegi tespit edilmistir.
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Fosfojips ve Perlit Katkili Sivalarin Su Emme Miktarlarimin 24 Deneysel
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Ozet — Bu calismada siva igerisine giibre fabrikas1 atig1 olan fosfojips ve dogal bir mineral olan perlit katilarak olusturulan
malzemenin su emme kapasitesi incelenmistir. Farkli oranlarda fosfojips ve perlit siva igerisine katki maddesi olarak eklenmistir.
2% tam faktoriyel tasarim kullanilarak optimizasyon yapilmigtir. ANOVA analizi yapilarak hangi faktorlerin etkili oldugu
arastirilmistir. Bu faktorlerin olusturulan katkili sivanin su gegirgenligi lizerinde anlamli bir etkisinin olup olmadig incelenmis
ve optimum degerler tespit edilmistir. Ayn1 zamanda Pareto ¢izelgesi de olusturularak ana ve ikili etkilesimlerinin hesaplanan
Pareto degerine gore anlamliligi test edilmistir. Deneysel ¢alismalar sonucunda optimum katki miktarlari tespit edilmistir.

Anahtar Kelimeler — Swva, perlit, fosfojips, deneysel tasarim

Determination of the Water Absorption Quantities of Plaster Containing
Phosphogypsum and Perlite Using 24 Full Factorial Design

Abstract — In this study, the water absorption capacity of the material formed by adding phosphorus phosphogypsum and natural
mineral pearlite into the plaster was investigated. Phosphogyps and perlite were added as additives in the plaster at different
ratios. Optimized using 24 full factorial design. ANOVA analysis was conducted to determine which factors were effective. The
effect of these factors on the water permeability of the added plaster was investigated and optimum values were determined. At
the same time, a Pareto chart was created and tested for significance according to the calculated Pareto value of the main and
binary interactions. As a result of the experimental studies, optimum additive amounts have been determined.

Keywords — Plaster, perlite, phosphogypsum, experimental design

I. GIRIS temini gerektiginden gelecekte fosfatli giibrelere olan ihtiyag
daha da artacaktir [3]. Fosfat kayasinin degerlendirilmesi ve
fosforik asit iiretimi sonrasi fosfojips atik iirlin olarak ortaya
cikmakta olup; 6rnegin Samsun TUGSAS Giibre fabrikasinda
giinde 3150 ton, Bandirma Bagfas Giibre fabrikasinda 3500
ton gibi biiyiik miktarlarda ele gegmekte ve 6nemli depolama
problemleri yaninda g¢evre kirliligine de sebep olmaktadir
[4,5].

Sivalar, uygulandiklart yap1 elemanlarinin ylizeylerini
ortmeleri ve diizgiin gdstermelerinin yani sira, yapinin timiinii
atmosfer kosullarindan, cevre faktorlerinden ortaya g¢ikan
olumsuz etkileri olabildigince ortadan kaldirmak ve bina
elemanlarin1  etkileyen olumsuz faktorlerden korumak
amaciyla yapinin i¢ ve dis yiizeylerine uygulanan koruyucu bir
tabakadir. Sivalar, gecirimsiz olmali, gdzeneksiz olmali, yiizey . . .
nefes alabilmeli ve buhar gecirgenligi yiiksek olmali, duvari, Perlit 1syla genlesme ozelligi olan, genlestirildiginde gok

ic, dis ve kendi yapisindaki fiziksel, kimyasal ve mekanik hafif ve gozenekli hale gegen bir kayactir. Perlitte en 6dnemli
etkilerden korumahdir [1,2]. Ozellik, hidrasyona ugramig camsi silika yapisindaki %2-5

arasinda Dbilesik halinde icerdigi sudur ve bu su perlitin
kararliligim1 saglamaktadir [6]. Perlit genlestirilmis olarak
kullanildigr gibi ham olarak da genis kullanim alanlarina
sahiptir. Ham perlit kimyasal bilesimi itibariyle silisli ve
aliminyumlu bilesikler icerdiginden kalsiyum esash
baglayicilar ile kimyasal tepkimeye girerek hidrolik aktivite
gosterir. Bu 6zelligi nedeniyle yap1 sektoriinde genis capta
kullanilmaktadir [7].

Bu caligmada; giiniimiizde en biiyiik sorunlardan biri olan
¢evre sorununun ¢éziimiine katkida bulunabilmek i¢in sanayi
at1g1 olan fosfojips ve iilke ekonomimizin en gii¢lii sektorii
olan ingaat sektdriinde kullanim alani bulmas: iilke ¢ikarlari

Diinya niifusunun artmasma bagli olarak, hayati 6nem
tagtyan beslenme sorunu ortaya c¢ikmis, ekilebilir tarim
alanlarinin  stnirli olusundan dolay1, gittikce artan diinya
niifusunun beslenmesi i¢gin bu alanlardan daha fazla iiriin elde
etme yoluna gidilmistir. Bu nedenle tarimin modernlesmesi
gerekmistir. Modern tarimda kimyasal giibrelerin, 6zellikle
fosfatli giibrelerin 6nemi ¢ok biyiiktiir. Bundan dolay1
canlilarin gelismesinde etkin bir besin maddesi olan fosfata,
diinyadaki agligin ortadan kaldirilmasinda 6nemli stratejik bir
hammadde olarak bakilmaktadir. Bu amaca ydnelik yapilan
arastirmalar sonucu diinyada elverisli fosfat yataklar
bulunmus ve gelistirilmistir. Niifus artisina bagl olarak gida
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acisindan biiytik yararlar saglayabilecegi disiiniilen perlitin
stva {iretiminde kullanilmasin arastirilmistir. 24 tam faktoriyel
deneysel tasarim ile optimizasyon yapilmistir.

Il. MATERYAL VE METOD

A. Materyal

Bu c¢aligmada TS EN 197-1’¢ uygun olan CEM 1 42,5
portland ¢imentosu kullanilmistt. CEM 1 42,5 R Tip
Cimentonun, yaklasik % 63,811 CaO’den, % 18.54’1i Si02’
den, % 5.25’i AI203°den, % 2.74’ii Fe;O3’den, % 3.4370
SOs3’den olugmaktadir. Agrega olarak TS EN 197-1’e uygun
yikanmig elenmis dogal kum tercih edilmistir. Endiistriyel atik
olarak Giibre Fabrikast atig1 kullanilmigtir. Endstriyel atik
orneklerinin yaklagik % 41.25°1 SOs, % 31.48’1 CaO’den, %
31.2.45’i Al,03’den olusmaktadir. Minerolojik katki olarak I¢
Anadolu Bolgesi’nin zengin perlit yataklarindan biri olan
Cankir1  yoresinde {retilmis olan genlestirilmis perlit
kullanilmustir. Genlestirilmis perlitin kimyasal igerigi yaklasik
olarak, %71.8 SiO2, % 12.9 Al,O3, % 4.30 K,0, % 3.17 Na,O
seklindedir.

B. Yontem

B.1. Numunelerin Hazirlanmasi

Uretilen malzemenin, binalarin dis cephelerinde siva
malzemesi olarak kullanimi amaglanmistir. Siva numuneleri
TS 1481 Dis Siva Yapim Kurallarina uygun olarak yapilmustir.
Numuneler, 40x40x160 mm’lik boyutlarda {iretilmistir [8].

B.2. Su Emme (absorbsiyon) Deneyleri

Su emme deneyleri 4x4x16 cm’lik prizmatik numuneler 7
giin standartta belirtilen kiir havuzunda bekletildikten sonra
agirliklart  sabitleninceye kadar etiivde kurutulmustur.
Ardindan drnekler tamamen su igerisine gomiilecek sekilde su
icerisinde bekletilmis ve zamana bagli (0,10, 60, 100, 1440
dk.) araliklarla agirlik degisimleri 6l¢iilmiistiir.

B3. Tam Faktoriyel Deneysel Tasarim

Bir deneyin uygulanmasi, her bir faktoriin test edilecek
belirli bir diizeye sahip oldugu bir tasarlanmis deney
kiimesidir. Tam faktoriyel deneyler iyilestirme siirecinin
eniyileme ve modelleme adiminda yer alirlar. Sekil 1°de ¢esitli
tam faktoriyel tasarimlar goriilmektedir [9,10].

2x2 deneyler |:>
2x2x2 deneyler
33333 deneyler| ——— >

Sekil 1. Tam faktoriyel deney tasarimlari

Her birinin 2 diizeyi olan
2 etkenli deneyler

Her birinin 2 diizeyi olan
3 etlenli deneyler

Her birinin 3 diizeyi olan
3 etkenli deneyler

Eniyileme tasarimlari, etkenlerin degisik diizeylerinde
denendigi ve gerekli tiim etkilesimlerin sonucuna goére yapilan
caligmalardir. Benzer sekilde, modelleme tasarimlar1 ise
deneysel sistemi en iyi temsil eden regresyon denkleminin
bulunmasina dayanmaktadir. Regresyon denkleminin genel
ifadesi asagidaki esitlikte verilmektedir.
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n n 2 n-1 n
Y =5 +Zﬂixi +(ZﬂiXiJ J{Z Zﬂijxixj
i=1 i=1

i=L j=itl

] (1)

Yukaridaki esitlikte, Y siire¢ ¢iktisi, sabit terim, her bir
girdinin/etkenin, , dogrusal katsayisi, ise ve etkenleri
arasindaki etkilesim katsayilaridir. Regresyon denklemi,
ANOVA testi yardimiyla elde edilmektedir.

ANOVA diger bir adiyla degisinti analizi ile gozlene
degisintileri ¢esitli bolimlere ayirma yontemi ile degiskenlerin
birbiri tizerindeki etkilerini incelemeye yarayan bir grup
modelleme tiiriidiir. Bu tez ¢alismasinda ANOVA tablosu
Minitab 16 (sinirlt deneme siirtimil) yazilimi ile %5 giiven
araliginda elde edilmistir.

Bu calismada fosfojips ve perlit i¢in 4 diizey ongoriillmiistiir.
Fosfojips i¢in ¢imento miktarmin %0, %5, %10 ve %151,
perlit i¢in de kum miktarmin %0, %5, %10 ve %15°1
secilmistir. Dolayis1 ile 24 tam faktdriyel deneysel tasarim elde

edilmigtir. Tablo 1’ de olusturulan deneysel tasarim
goriilmektedir.
Tablo 1. 2* Deneysel Tasarim
Deney no Fosfojips Perlit Cimento  Kum
(%) (%) (%) (%)
1 10 0 90 100
2 0 15 100 85
3 10 15 90 85
4 5 0 95 100
5 5 5 95 95
6 0 10 90 100
7 0 0 100 100
8 15 10 85 90
9 10 10 90 90
10 15 0 85 100
11 5 10 95 90
12 15 15 85 85
13 0 5 100 95
14 5 15 95 85
15 15 5 85 95
16 10 5 90 95
I1l. BULGULAR VE TARTISMA
Tablo 2’de su emme deney sonuglart goriilmektedir.
Tablo 2. Su Emme Deney Sonuglari
Deney no Siva Numuneleri Su Emme
Fosfojips (%)  Perlit (%)
1 10 0 15.555
2 0 15 34.680
3 10 15 18.000
4 5 0 18.000
5 5 5 21.000
6 0 10 30.000
7 0 0 23.590
8 15 10 9.090
9 10 10 17.500
10 15 0 11.000
11 5 10 23.000
12 15 15 11.000
13 0 5 26.300
14 5 15 25.500
15 15 5 11.864
16 10 5 15.384

Tablo 3’te su emme deney sonuglari icin ANOVA tablosu
goriilmektedir.
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Tablo 3. Su emme deneyi igin ANOVA test sonuglari

Kaynak Etki Katsayi SE Kat. T- p- Yorum
Degeri degeri

Sabit 19.466 0.1979 98.35 0.000 Anlamlt
Fosfojips -17.693 -8.847 0.2655 -33.31 0.000 Anlaml
(%)

Perlit 5.111 2.556 0.2655 9.62 0.000 Anlaml
(%)

Fosfojips -6.043 -3.021 0.3563 -8.48 0.000 Anlaml

(%)
*Perlit(%)

$=0.7917, PRESS=16.30, R2=%99.07, R2(tahmin)=%97.98, R2(diiz.)=%98.83

30.000 30.1720 -0.17197
23.590 22.7362 0.85381
9.090 10.4646 -1.37458
17.500 17.0337 0.46629
11.000 11.0857 -0.08566
23.000 23.6028 -0.60284
11.000 10.1540 0.84596
26.300 26.4541 -0.15408
25.500 25.9779 -0.47792
11.864 10.7751 1.08888
15.384 16.0014 -0.61744

Yukaridaki esitlik (2)’de elde edilen regresyon denklemi
deneysel sistemi %98.83 dogrulukla temsil etmektedir.

SD SS Diiz. SS  Diiz. F P Yorum
MS
Ana 2 753.713 753.713 376.857 601.23 0.000  Anlamh
etkiler
ikili 1 45.078 45.078 45.078 71.92 0.000  Anlaml
etkiler
Artik 12 7.522 7.522 0.627
hatas1
Toplam 15 806.314

IV.SONUCLAR

Deneye dayali bu aragtirma ile elde edilen bulgular ve
olusturulan 24 tam faktoriyel deneysel tasarim ile bu
bulgularin  degerlendirilmesi sonucunda, amaca uygun

Tablo 3’de acik¢a goriildigi gibi, su emme lizerinde fosfojips
ve perlit katkilar istatistiksel olarak (0.000 < 0.05 old. igin)
anlamlidir. Bunun yaninda, fosfojips ve perlit’in ikili
etkilesimleri de istatistiksel olarak (0.000 < 0.05 old. i¢in)
anlamlidir. Benzer sekilde Pareto ¢izelgesi de ana ve ikili
etkilesimlerinin hesaplanan Pareto degerine gore anlamliligini
test etmekte kullanilabilmektedir (Sekil 2).

(Suemme, Alpha = ,05)
2,18
l [ Factor ~ Name
A Fosfojips (%)
B Perlit (%)
A-
s
@
=)
e B-
X
©
i
AB-
F T T T T T T u
0 5 10 15 20 25 30 35
Standart etkiler

Sekil 2. Su emme deneyi i¢in Pareto gizelgesi

Pareto ¢izelgesine gore de, fosfojips (33.31) ve perlit (9.62)
katkilarinin hesaplanan Pareto degerleri 2.18’den biiyiik
oldugu i¢in istatistiksel olarak anlamli bulunmustur. Perlit ile
fosfojips ikili etkilesimleri de (8.48) istatistiksel olarak anlamli
oldugu agik¢a goriilmektedir. Su emme (SE) deneyi i¢in elde
edilen regresyon denklemi asagidaki Esitlikte verilmektedir.

SE =22.73- fosfojips*0.7767+ perlit*0.7435- fosfojips* perlit*0.053 (2)

Tablo 4’te su emme deneyinden elde edilen deneysel
veriler ile yukaridaki Esitlik 2’den elde edilen model sonuglari
ve atiklar goriilmektedir.

Table 4. Su emme deneyi igin deneysel veriler ve model sonuglari

Su Emme Esitlik (2) Atiklar
(cm/s¥)/1000 (cm/s'2)/1000
15.555 14.9692 0.58583
34.680 33.8899 0.79014
18.000 18.0660 -0.06598
18.000 18.8527 -0.85268
21.000 21.2278 -0.22776
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nitelikte siva elde edilebildigi saptanmistir. Numunelerde su
emme (absorbsiyon) belirlenmesi i¢in yapilan deneyde su
emme lizerinde fosfojips ve perlit katkilar1 istatistiksel olarak
anlamli sonuglar vermistir. Bunun yaninda fosfojips ve
perlitin ikili etkilesimleri de istatistiksel olarak anlamli
sonuglar vermistir. Perlit katkili sivalarin yiliksek su emme
kapasitesinden dolayi, bu sivalarin dig ortamlarda
kullanilamamasi bir dezavantaj gibi goriinse de, betonlarin dig
yiizeylerine uygulanacak olan sivanin ticari su izolasyon
malzemeleriyle sivanin su yalittmi yapilip, dis ortamlarda
kullanim1 saglanmig olacaktir. Genlestirilmis perlit katkili
sivalarm  su  emme  oranlart  incelendiginde, siva
karisimlarindaki perlit miktar1 arttikca ortalama gozenek
boyutlarinin biiyiidiigii sonucuna varilabilmektedir.
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Abstract — In this study, the evaluation of the recovery of aquatic plants used in wastewater treatment and discharged as waste
is discussed. There are studies in the literature about the removal of pollutants from wastewaters by using different treatment
methods in wastewater treatment. Many treatment methods are used in wastewater treatment as biological processes, chemical
treatment, membrane systems and so on. However, such treatment methods are not preferred because of high energy costs and
high operating costs, which cannot be applied to all kinds of water bodies. Therefore, natural treatment systems, which do not
require much human power, can be applied to almost any kind of water mass with low operating costs and energy costs, can be
used for the disposal of pollutants. In natural treatment systems, treatment with aquatic plants is generally used. Because,
treatment with aquatic plants are quite economical when compared with other advanced treatment methods. Harvested plants
can be evaluated in biogas production and bioethanol production as an alternative fuel. In addition, harvested aquatic plants can
be used in biopetrol and biochar production by subjecting to pyrolysis treatment, thus recovering of the discharged wastes can
be ensured.

Keywords — Aquatic plant, treatment, waste, recovery

I. INTRODUCTION CWs can remove numerous types of pollutants [12], [13]. In

Constructed wetland (CW) technology was developed in CWs at the same time that pollutant removal from wastewater
1970s as an alternative ecological technology for wastewater ~ OCCUrS: great quantities of biomass are produced which would
treatment [1]. CW technology possess several advantages bg available for d_lf_“fergnt uses. Pro_per methods of biomass
compared with conventional wastewater treatment plants, such ~ disposal and/or utilization are required [14]. If they are not
as low investment, maintenance and operation cost, utilization ~ Utilized immediately large amount of aquatic plant residues as
of renewable energy sources (wind and solar energy), and blomags would decompoge and decay. Then, this sta’;us can
tolerance over variation of wastewater volume and level [2],  "esult in secondary pollution to water systems [15]. Different
[3]. CWs have been applied for the treatment of industrial, ~Selutions have been proposed. Biomass can be transformed
municipal and aquaculture wastewaters, polluted surface water 1Nt raw material for the paper industry, fertilizers, compost or

and groundwater, landfill leachate and storm water runoff [4- @S @ feed supplement for animals [16], [17]; and for fuel
12] (Fig.1). production [14].

Il. DIFFERENT WAYS OF USING BIOMASS

Aquatic plants can be used for different purposes after
harvesting. The uses include animal fodder, energy sector (i.e.
biofuel, bioethanol, combustion), cellulosic derived
bioproducts, construction of building materials and plant
fiber/plastic composites, paper industry and biosourced
biochemistry such as production of y-valerolactone, Cu-
ecocatalyst, potential fertilizers (compost, biochar, litter) [18-
22].

The type of pollutants removed by the plants will be a
crucial factor for the utilization of the biomass after harvest. In
case of treating wastewater from animal farms, the plant
biomass can be safely utilized as animal fodder. However, if
hazardous pollutants are removed from the water and taken up
by the plant, the biomass cannot be safely used as animal

Fig.1. Aquatic plants in wastewater treatment fodder, but only for bioenergy production [23].

" This is an extended version of a conference paper (ISMSIT2017).
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Since the European Union has established the European
Directive 2009/28/EC to increase the production of renewable
energy sources and the biofuel proportion by at least 10% in
each Member State by 2020 [24], processing of aquatic plants
produced by phytotechnologies may be a suitable option [18],
[22]. Aquatic plants provide a promising source of clean
energy due to their high biomass yield and neutral CO; balance
[14]. Arundo donax L. plant used in CWs displays many
attractive characteristics for producing biomass [19]. It can be
used for bioethanol production, direct combustion and other
thermal transformations [22], [25-27]. Ciria et al. [14] studied
the suitability of the macrophyte cattail (Typha latifolia)
produced in a wetland as a fuel. Typha latifolia has high
biomass yields (2-8 kg m2 of dry matter, which is equivalent
to 28 t ha™* of dry matter). As a result, due to the high biomass
yields obtained in the planted bed, and to the thermal
behaviour of both cattail biomass and their ash (with a
relatively high heating value of 19-6 MJ kg 1), the utilization
of cattail biomass as fuel in thermochemical conversion
processes for the production of heat and/or electricity was
recommended by Ciria et al. [14]. Pincam et al. [23] reported
that Hybrid Napier grass (Pennisetum purpureum Schumach x
P. americanum (L.) Leeke cv. Pakchongl) has the potential to
be used in plant-based water treatment systems for removing
contaminants from different types of polluted water while
simultaneously producing qualified large amounts of plant
biomass which has ease of propagation and harvesting for
further utilization as e.g. bioenergy [23]. The plant has been
considered as a suitable alternative lignocellulosic feedstock
for biofuel production due to its high biomass production and
high proportions of cellulose, hemicellulose, and lignin [28].
Hybrid Napier grass has been reported to produce 17.9 tons
bioethanol hayear. Moreover, the biogas production
potential is reported to be high, ranging from 0.24-0.27 m®
CHskg™ VS, depending on the digestive conditions and co-
digestion materials [23], [28-30]. Jiang et al. [15] investigated
the biogas production potential of aquatic plants. They
reported the biogas yields of 7 species of aquatic plants as
follows: Typha orientalis Presl 513.2 mL g* VS, Hydrocotyle
vulgaris 539.1 mL g* VS, Thalia dealbata 578.0 mL g VS,
Acorus calamus Linn 508.9 mL g* VS, Canna indica 555.1
mL g VS, Colocasia tonoimo Nakai 629.4 mL g VS and
Pontederia cordata 473.1 mL g VS.

Harvested aquatic plants could be used for paper pulp
production and construction of wooden build materials. Giant
reed shoots could substitute hardwoods suitable in kraft pulp
mills processing chain without major equipment changes [22],
[31]. Arundo donax L. plant meets requirements for paper pulp
production and construction of wooden build materials [19],
[22], [32].

In CWs, Arundo donax L. plant removes contaminants such
as trace elements mainly by immobilization in the rhizosphere
and storage in the belowground biomass [33]. Based on this
property, its use to rhizofiltrate Cu-contaminated effluents
could provide both a belowground biomass with high Cu
concentration. The Cu-rich belowground biomass may be used
in biosourced (bio)chemistry as Cu-ecocatalyst [34].
Ecocatalysis is based on the plant ability to produce plant-
borne metal species usable as key reactants to catalyze fine
organic chemical reaction for the production of biorenewable
transportation fuels, industrial chemicals and pharmaceuticals.
Copper-based catalysts are promising candidates, as they are
sustainable and cost-competitive catalyzers for the high yield

22

production of next-generation biorefinery components [22],
[35].

Composting is a natural way of recycling. It turns on
organic materials into a farm resource enhancing soil fertility
and soil quality that brings about increased agricultural
productivity, improved soil biodiversity, reduced ecological
risks and a better environment. Composting organic residues
is a friendly to the environment alternative to producing
fertilizer [36]. Therefore, harvested biomass of aquatic plants
can be composted and then spreaded on farmland.

I11. CONCLUSIONS

In the recent years, CWs have been gaining in popularity.
Because CW technology is both a reduced cost technology and
low maintenance technology for treating wastewater from
different activities. Therefore, CW technology has been
successfully applied to the treatment of various wastewaters
(domestic, industrial, leachate, storm water runoff). After the
wastewater treatment, large volumes of aquatic biomass are
produced. The biomass harvested from the CWs can be used
in different ways (paper pulp production, to get energy etc.).
These routes of use will protect the natural resources.
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Siber Saldir1 Yontemleri ve Tiirkiye’nin Siber Giivenlik Mevcut Durum
Analizit
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Ozet —Bilisim teknolojilerinin hizli gelisimi sayesinde artan bilgisayar ve Internet kullanimi hayatin vazgegilmez bir unsuru
haline gelmistir. Bilisim ve internetin diinyada bir anda yayginlagsmasi kullanicilara bir yandan kolaylik ve 6zgiirliikk tanirken,
Ote yandan olusan giivenlik agiklar1 sebebiyle sistemlerin kotiiye kullanilmasina sebep olmaktadir. Sistemlerden kaynaklanan bu
giivenlik agiklar1 kigileri etkilerken kimi zaman da kisisel olgekte alinmayan tedbirlerden dolay: sistemler de tehdit altinda
kalmaktadir. Nesnelerin Internet'i (Internet of Things, IoT) kavramu ile internete baglanan cihaz sayisinin da ¢ok daha artmasi
ve bu cihazlarin insanlarin hayatina dahil olmasiyla giivenlik ihlallerine maruz kalma riskinin de ayni dogrultuda artacagi
diistiniilmektedir. Birbiriyle baglantili donanim, yazilim, sistem ve insanlarin iletigim ve/veya etkilesimde bulunduklart soyut
veya somut alani tarif eden siber uzay igerisinde alinan giivenlik tedbirlerinden 6zellikle son kullanicinin da haberinin olmasi ve
bu konuda farkindaliginin saglanmasi giderek 6nem kazanmaktadir. Giiniimiizde gok ¢esitli siber saldir1 yontemleri bulunmakta
olup calismada bu siber saldirilar1 yontemleri incelenerek, Tiirkiye’de siber giivenlik durum analizi yapilmaktadir.

Anahtar Kelimeler — Siber Giivenlik, Siber Saldwur1 Yontemleri, Siber Uzay, Bilisim Sistemleri, Giivenlik

Siber Attack Methods and Current Situation Analysis of Turkey's Ciber
Safety

Abstract —Computer and internet use that has increased by means of the rapid development of information technologies has
become an essential component of life. Sudden spreading of information and internet across the world provides convenience and
freedom to users on one hand, but leads to the misuse of systems due to security flaws on the other. These security flaws that are
caused by systems not only affect individuals, but also threaten systems due to the failure of taking precautions on an individual
scale from time to time. It is thought that as a result of the increase of the number of devices connected to internet thanks to the
concept of Internet of Things (IoT) and involvement of these devices in people’s lives; the risk of being exposed to security
violations will increase in the same direction. The fact that security precautions taken within the cyber space that describes
intangible or tangible areas where interconnected hardwares, softwares, systems and individuals communicate and/or interact
are also known especially by end-users and an awareness is provided on this issue becomes more and more important. Today,
there are various methods of cyber attacks and in this study these methods of cyber attacks are examined and situation analysis
of cyber security in Turkey is carried out.

Keywords — Cyber Security, Cyber Attack Methods, Cyber Space, Cyber Force, Information Systems, Security

I. GIRIS teknolojilerinin  hizli gelisimi sayesinde artan Internet
kullanimi; kamuda, 6zel sektdrde ve hatta kisisel olgekte
hayatin vazge¢ilmez bir unsuru haline gelmistir [17]. Bilisim
ve internetin diinyada bir anda yayginlagsmasi kullanicilara bir
yandan sinirsiz Ozgirlitkk tanirken, Obiir yandan da olusan
giivenlik agiklar1 sebebiyle bilisim sistemlerinin kotiiye
kullanilmasina ve bu anlamda bir su¢ isleme mekanizmasi
haline gelmesine sebep olmaktadir [3].

Dijital pazarlama ajans1t We Are Social ve Hootsuite isbirligi
ile hazirlanan “Digital in 2017 Global Overview” raporuna
gore diinya genelinde 3.77 milyar1 bulan global internet
kullanici sayis1 %50°1ik bir penetrasyona esittir. Tiirkiye’de ise
yaklagik 80 Milyon niifusun 48 milyonu internet
kullanmaktadir [4]. Tiirkiye nin 2008 yilinda 6 milyon internet
kullanicisinin oldugu bilinmekte olup bu saymin yaklagsik 10
yilda 8 kat arttig1 goriilmektedir. Yakin gelecekte bu sayinin

Gliniimiizde kisisel ve kurumsal anlamada vazgecilmez bir
unsur haline gelen bilgisayarlarin ilk once haberlesme,
sifreleme ve sifre ¢ozme amagli olarak gelistirildigi daha sonra
ise kullaniminin giderek arttigi bilinmektedir. Internet ise
196011 yillarda ABD savunma bakanlig1 tarafindan olasi bir
savag durumunda askeri iletisimin zarar gormeden
kullanilmaya devam etmesi igin bilgisayarlardaki verilerin
baska bilgisayarlara aktarabilmesi amaciyla kurulan
ARPANET ile ortaya ¢ikmistir. Internet milyarlarca cihaz ile
milyonlarca agin birbirine baglandigi aglarin ag1 olarak
nitelendirilmektedir ve belirli protokoller gercevesinde bilgi
aligverigi yapilmasina imkén saglamaktadir [20]. Internetin
haberlesmeyi, bilgi aligverisini ve ayrica bilgisayar
kullanicilar1 arasinda baglantryr saglamast nedeniyle tim
dinyada kullanimi hizla yaygmlagmistir [3]. Bilisim

" This is an extended version of a conference paper (ISMSIT2017).
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daha da artacagi tahmin edilmektedir. Nesnelerin Internet'i
(Internet of Things, IoT) kavramu ile internete baglanan cihaz
sayisinin da ¢ok daha artmasi ve bu cihazlarin insanlarin
hayatina dahil olmasiyla giivenlik ihlallerine maruz kalma
riskinin de ayni dogrultuda artacagi diigiiniilmektedir [1]. Bu
sebeple giivenlik 6nlemlerinin alinmasi ve bu alana daha fazla
yatirim yapilmasi gerekmektedir.

1. SIBER GUVENLIK

Siber, bilgisayar ve aglarini iceren kavram ya da varliklar
tanimlamak icin kullanilir. Siber alan (cyber space) kelimesi
de birbiriyle baglantili system, yazilim, donanim ve insanlarin
iletisim ve/veya etkilesimde bulunduklar1 soyut veya somut
alani tarif etmek i¢in kullanilmaktadir [15]. Siber Saldir1 ise
“hedef segilen sahis, sirket, kurum, orgiit ve devlet gibi
yapilarin bilgi ve iletim sistemlerine ve kritik altyapilarina
yapilan planli ve koordineli saldirilar” seklinde tanimlanmistir
[11].

Ik olarak 1990’l1 yillarda bilgisayar miihendisleri
tarafindan, aga bagl bilgisayarlarla ilgili glivenlik sorunlarini
ifade etmek igin Siber giivenlik terimi kullanilmistir [10] ve
daha cok bilisim sistemlerinin temel malzemesi olan bilgi
iizerinden bu tanim yapilmaktadir. Buna gore siber alemin
giivenli olabilmesi icin bilgi giivenligi yOnetim sistemi
standardinda oldugu gibi bilginin gizliliginin (confidentiality),
bitiinligiinin (intergrity) ve erisilebilirliginin (availability)
saglanmas1 gerekmektedir. Bilginin sadece erisim yetkisi
verilen Kisiler tarafindan kullanilmasi onun gizliligidir. Bu
erisim yazili bir bilginin okunmasi yada bilisim sistemlerinde
saklanan bilginin sadece yetkili kisilerce goriintiilenebilmesi
gibi erisimlerdir. Hassas bilgilerin varligindan bile sadece
yetkililer haberdar olmalidir. Bilginin biitiinliigii ise o bilginin

degistirilmemis, kismen yada tamaminin silinmemis olmasidir.

Erisilebilirlik, saklanan bilginin gerektiginde yetkisi olan
kisiler tarafindan erisilebilir olmasidir [12].

Siber tehditler artik sadece bilgisayar sistemlerine
verdikleri zararlar (sistemlere sizma, sistemlerden bilgi calma
ve sistemlere asilsiz bilgi koyma) ile sinirli kalmamaktadir. Bir
iilkenin  kritik olarak kabul edilebilecek haberlesme
sistemlerine, bilgisayar sistemlerine, enerji ve ulagim aglarina,
askeri komuta ve kontrol sistemlerine zarar verecek olgiide,
asimetrik bir harp ¢esidi olarak ortaya c¢ikmaktadir. Siber
tehditlerin Oniimiizdeki yillarda da onemli tehditlerden biri
olacagi diisiincesi; tiim diinya tarafindan kabul edilmeye
baslanmistir [1]. Bu sebeple daha etkin savunma sistemlerinin
insa edilmesi, acil durum hazirliklarinin olusturulmasi ¢ok
onemlidir. Saldirilarin, gergeklestigi anda hemen tespit
edilmesi, sanal ya da fiziksel bariyer insa edilmesi, bolgesel ve
ulusal anlamda siber giivenlik politikalarinin gelistirilmesi
zorunlu hale gelmistir [22]. Ayrica siber giivenlik ile ilgili
farkindalik olusturmak ¢ok 6nemlidir. Son zamanlarda yeni
ortaya ¢ikmaya baslayan “Siber Gilivenlik Durumsal
Farkindalik™ ile ilgili ¢alismalar bu ihtiyaca hitap etmekte ve
caligmalarda artig olmas1 beklenmektedir [24].

Ulkeler, giivenli bir siber ortam saglayabilme yolunda,
siber ortamin pargasi olan bilesenleri siber saldirilara karsi
korumak, yapilan saldirilara miidahale etmek, saldiranlari
cezalandirmak, gerekli yasal mevzuati olusturmak ve biitiin
faaliyetleri yerine getirecek yapilar tesis etmek iizere siber
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ortama yonelik politika ve stratejiler
gelistirmeye devam etmektedir [7].

NATO Liderleri 2016 yilinda yaptiklart Varsova
Zirvesi’nde siber savunmaya kaynak saglamaya Oncelik
verdiklerini vurgulayarak 2015 yilinda aylik yaklasik 500
saldirt olay1 ile karsilasirken bu sayinm 2016 yilinda %60
oraninda arttigina dikkat ¢ekip, durumun ciddiyetini ortaya
koymuslardir [16]. NATO iiyesi iilkelerden birisinin kritik
altyapilarina kars1 gergeklestirilecek bir siber saldirinin diger
tilkeleri de ilgilendiren sonuglar1 olabilecegi, bu nedenle iiye
iilkelerin  siber savunma imkdn ve kabiliyetlerinin
artirilmasinin 6nemi de vurgulanmaktadir [25]. Giliniimiizde
teknoloji ¢ok geligsmis olmasina ragmen bir saldirinin ne
zaman Yyapilabilecegini tahmin etmek miimkiin degildir. II.
Diinya Savasi yillarinda bir fiizenin firlatilmasi i¢in 20 dakika
gibi bir siire kullanilirken giiniimiizde siber saldirilar 151k
hizinda ger¢eklesmektedir. Bu nedenle siber saldirilara aninda
karsilik vermek gerekmektedir [9]. Siber giivenlik tatbikatlar
sistemlerin agikliklarinin ortaya ¢ikarip gereken tedbirlerin
alimmasint saglamak agisindan olduk¢a 6nemlidir. Tiirkiye’de
yapilan tatbikatlarin diger iilkelerde yapilanlardan farki ise
gercek saldirt ve savunma tekniklerinin kullanilmasidir.
Boylece siber giivenlik konusunu teoriden pratige tasima ve
gerg¢ek durumu ortaya koymak daha miimkiin olmaktadir [14].

geligtirmis  ve

I11. SIBER SALDIRI YONTEMLERI

Siber tehditlerin ortaya ¢ikmasina neden olan ii¢ boyut
bulunmaktadir [20]:

e Internet tasarimindaki zafiyetler (adresleme sistemi,
yonetim eksikligi, internetin c¢aligmasinit saglayan
sistemlerin ¢ogunun agik ve sifresiz olmasi, zararli
yazilimlar1 dagitma kabiliyeti ve internetin merkezi
olmayan biiyiik bir ag olmasi)

Donanim ile yazilimlardaki hatalar

Kritik sistemlere ¢evrim igi erisim imkant

Siber saldirlar ¢ok ¢esitli yontemlerle yapilmaktadir. Belli
bagli siber saldir1 yontemleri ise soyledir [21]:

v' Bilgi ve veri aldatmacasi (Data Diddling):
Bilgisayara veri girilirken yanlis girilmesi, verileri
saklarken 6zel yontemlerle degistirilmesi ya da bazi
kayitlarin silinmesi bu yontemle yapilabilir [13].
Salam teknigi (Salami Techniques): Genellikle
bankacilik  sektoriinde  kullanilir.  Hesaplardaki
virgiilden sonraki kiisuratlarin son rakam veya son iki
rakam tutar1 bagka bir hesaba aktarilarak orada
biriktirilmektedir [31].

Stiper  darbe (Super  Zapping): Bilgisayar
sistemlerindeki arizalar ile sistemin kilitlenmesi
durumunda giivenlik kontrollerinin agilarak sistemin
diizeltilmesi igin gelistirilmis programlardir. Bu
durum kétiiye kullanildiginda giivenlik devre dist
birakilmaktadir [19].

Truva at1 (Casus Yazilimlar): Bilgisayar korsanlari
truva atlar1 sayesinde sisteme arka kapidan ulasarak,
bilgisayarin sistem yapisint degistirebilir ayrica
kullanicinin sifrelerine ve diger kisisel bilgilerine
ulasabilirler. Truva ati sisteme bulastiktan sonra,
sistemin agilmasiyla beraber kendisini hafizaya
yikler ve sistem aciklarint kullanarak, programi
yerlestiren  bilgisayar  korsanmin istediklerini
yapmasini saglar [18].
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Zararli yazilimlar (Kétiiciil Yazilimlar): Viriis gibi
belli bir amaca yonelik olarak hazirlanmis kod
pargalaridir.

Mantik bombalar1 (Logic Bombs): Bir programin
icerisine istenen zararli bir kod pargasinin
yerlestirilmesidir. Mantik bombas1 genellikle hedef
alman bilgisayar veya aglardaki bilgileri tamamen
yok etmek veya bird aha kullanilamaz hale getirmek
icin kullanilir [27].

Oltalama (Phishing): Genellikle sahte web siteleri
kullanilmaktadir. Ornegin bir banka yada alis veris
sitesinden kendisine e-posta geldigini diigiinen son
kullanici; kredi karti bilgilerini bu web sayfasina
girerek yada sadece e-postay1 yanitlayarak bu tuzaga
diisebilmektedir [2].

Bukalemun (Chamelon): Normal bir program gibi
calisirir fakat arka planda bir takim hile ve aldatmalar
ile ¢ok kullanicili sistemlerde kullanici adlar1 ve
sifrelerini taklitm ederek gizli bir dosya igerisine
kaydedip, sistemin bakimi igin gegici bir siire
kapatilacagina iligkin bir (YerTutucu) uyari verir. Bu
sirada bukalemun programini kullanan kisi, bu gizli
dosyaya ulagarak kullanmici1 adlarim ve sifrelerini ele
gegirir [6].

Istem dist alman elektronik postalar (Spam):
Tartisma platformlarindan dagitilan listelerden ve
web sayfalarindan elde edilen elektronik adreslere
alicinin haberi olmaksizin arasira biiyiik hacimlerde
gonderilen ve ticari amag tasiyan e-postalar olarak
tanimlamaktadir [29].

Cope dalma (Scavenging): Sistem belleginde
bulunan ve artik ihtiyag¢ duyulmayan silinmis
bilgilerin  gelismis  yontemlerle  tekrar  geri
getirilmesidir [5].

Yerine ge¢me (Masquerading): Sistemde yapilacak
hileler ile erisim imkani kisith ya da yetkisi hig
olmayan kullanicilarin, erisime yetkisi olan baska
kullanicilarin bilgi ve yetkilerini kullanarak sisteme
erigim saglamasidir [18].

Sistem giivenliginin kirilip igeri sizilmasi (Hacking):
Hack kelimesi hacker topluluklarinda kullanilan
anlamiyla “teknolojinin orijinal, aligtlmisin diginda
ve Ozglin bir tarzda kullanilmas’” anlamina
gelmektedir. Ayirt edici 6zelligi ise sadelik, ustalik ve
yasa digt olugudur [28].

Hukuka aykir1 icerik sunulmasi: Ozellikle web
sitelerine reklam amagh ya da hukuka aykiri
igeriklerin eklenmesidir.

Web sayfast hirsizh@i ve yonlendirme: Web
sitelerinin ¢almarak kullanamaz hale gelmesi, web
sitelerinde farkli igerikler sunulmasi, sayfa girisinde
ya da iceriginde bagka sayfalara yonlendirilerek veri
girisine zorlanilmasidir.

Sosyal miihendislik: Yalan sdyleme ve karsi tarafi
ikna etme tizerine kurulan bir bilgi toplama sanatidir.
Burada Kkisilerin giiveni kazamilarak kendilerine
giivenmelerinin saglanmasi amaglanmaktadir [8].

IV. TURKIYE’DE SIBER GUVENLIK DURUM ANALIZI

Tiirkiye'de siber su¢larla miicadele 2012 yilina kadar Bilim,
Sanayi ve Teknoloji Bakanliginin koordinatdrliigiinde Bilgi
Teknolojileri ve Iletisim Kurumu (BTK) tarafindan sivil
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toplum kuruluslart ve kurumlari ile beraber yiiriitiilmiistiir.
Daha sonra ise "Ulusal Siber Giivenlik Stratejisi ve 2013-2014
Eylem Plan1" hazirlanarak yiirtirlige girmistir. 20 Ekim 2012
tarih ve 2012/3842 sayilh "Ulusal Siber Giivenlik
Calismalarinin Yiiriitiilmesi, Yonetilmesi ve
Koordinasyonuna Iliskin Karar" 28447 sayili Resmi Gazetede
Yayimlanmustir [26]. Tiirkiye'nin Ulusal Siber Giivenlik
Stratejisi ve 2013-2014 Eylem Planinda "Siber ortami
olusturan biligim sistemlerinin saldirilardan korunmasini, bu
ortamda iglenen bilginin gizlilik, biitiinliik ve erisilebilirliginin
giivence altina alimmasini, saldirilarin ve siber giivenlik
olaylarinin tespit edilmesini, bu tespitlere kars1 tepki
mekanizmalarinin devreye alinmasini ve sonrasinda ise
sistemlerin yasanan siber giivenlik olay1 dncesi durumlarina
geri dondiiriilmesi" seklinde tanimlanmustir [30].

9 Eyliil 2016 tarihinde gerceklestirilen bir toplant1 ile
tanitilan Tiirkiye’nin 4 yillik siiregte siber giivenlik konusunda
izleyecegi yolu belirleyen 2016-2019 Ulusal Siber Giivenlik
Stratejisi ve Eylem Plani ise 5 ana eylem ve 41 alt eylemden
olusmaktadir. Eylemin amaci: siber giivenligin, ulusal
giivenligin ayrilmaz bir pargast oldugu anlayiginin tiim
kesimlerde yerlestirilmesi, ulusal siber uzayda bulunan sistem
ve paydaslarin tamaminin giivenligini saglamak {izere idari ve
teknolojik Onlemlerin alinmasimi  saglayacak yetkinligin
eksiksiz bir sekilde kazanilmasidir [25].

Ulkemizin, ulusal siber giivenlik stratejisinin ilgili eylem
maddelerinde tiim kamu kurumlart ile kritik sektorleri
diizenlemek ve denetlemekle sorumlu kurumlara SOME
(Siber Olaylara Miidahale Ekipleri) kurulmasi ile ilgili
gorevler verilmektedir. Sektorel ve Kurumsal SOME'lerin
kurulmasi ile kamu-6zel sektor arasindaki bilgi akislarinin
hizlanmasi, gelisen siber tehditlere karst etkin miicadele
edilmesi miimkiin olabilecektir.

Siber Giivenlik Eylem Planlari, Ulusal Bilgi Giivenligi
Programi, Ulusal Bilgi Giivenligi Kapisi, Yasal Calismalar,
Siber Giivenlik Miidahale Ekipleri ve Birimleri, Siber
Giivenlik Tatbikatlar1, Konferanslar ve Calistaylar ve de TSK
biinyesinde icra edilen faaliyetler ve olusumlar gibi
Tiirkiye’de siber giivenlik bilincinin artmasi igin son
zamanlarda degisik galismalar yapilmaktadir [14].

Bilisim giivenligi agisindan Tiirkiye’nin, diinyadaki diger
iilkelere = gore  konumu,  farkli  kistaslara  gore
degerlendirildiginde farkli sonuglar ortaya ¢ikmaktadir.
Ornegin; siber giivenlik firmasi olan FireEye tarafindan
hazirlanan en giincel istihbarat raporunda; 2016 yilinda
Tiirkiye’de biitiin Avrupa’da meydana gelenden daha fazla
“hedefli kottctl yazilim” oldugu vurgulanmaktadir. Fireye
sozciisiine gore bu kategorideki sizmalar; muhtemelen devlet
destekli, gelismis ve bilinen hackerlarin aktiviteleri ile ayni
karakteristiklere sahiptir [23]. Symantec’in Internet Giivenlik
Tehdit Raporu’na gore ise Tirkiye, 2016 yilinda Avrupa,
Ortadogu ve Afrika’nin tim zararli yazilim tespitlerinin
toplamimin %3.4’lini olusturmaktadir [23]. Fortinet firmasi
tarafindan Agustos 2016 aymda yayimlanan 2016 ikinci
ceyrek siber tehdit analiz raporunda botnet, zararli yazilim
(malware) ve istismar kiti (exploit kit) tespit edilen iilke
istatistiklerinde iilkemizin ilk 5 igerisinde yer aldig1
goriilmektedir [25]. Trend Micro tarafindan yayimlanan 2016
yilinin ilk yarisina ait bir diger giivenlik raporundaki veriler,
tiim diinyada fidye yazilim saldirilarinin yiizde 172 oraninda
arttigini, llkemizin Avrupa bolgesinde fidye yazilim
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saldirilarini en fazla yasayan iilke oldugunu, diinyada ise ABD
ve Brezilya’dan sonra iiglincii sirada yer aldigt ifade
edilmektedir [25]. Diger yandan, yine Trend Micro’nun
arastirmasi iilkemizde on-line bankaciliga yonelik tehditlerin
de hiz kesmeden devam ettigini gozler 6niine sermektedir.
Tespitlere gore iilkemiz 11 bin 516 saldirt ile Avrupa
bolgesinde en fazla on-line bankacilik saldirisi alan {ilke
olurken, tilkemizi 4 bin 880 saldir1 ile Almanya ve 3 bin 529
saldir ile Fransa izlemektedir [25].

Kiiresel pazar arastirma sirketi Vanson Bourne’nun
yaptig1 arastirmaya gore diinya genelinde sirketler veri
sizintisin1 engellemek igin aylik ortalama 4129 Euro harcama
yaparken, Tirk sirketlerinin 3220 Euro harcadigi ifade
edilmektedir. Cybersecurity Ventures firmasi tarafindan en
son yayimlanan 2016 igiincii ¢eyrek siber giivenlik market
raporuna gore siber suglarin 2015 yilinda 3 trilyon ABD Dolari
olan maliyetinin 2021 yilinda 6 trilyon ABD Dolarina
ulagsmasi beklenmektedir. Raporda dikkat cekici bir diger
husus da 2020 yilina kadar giiniimiizdekinin 50 kat1 daha fazla
verinin siber tehditlerden korunmak zorunda olacagidir. Siber
suglardaki bu artiglar dogal olarak siber saldirilarla miicadele
i¢in ayrilan biit¢eleri gittikge ¢ok daha yukarilara gekmektedir.
Kurumlar bu tarz durumlarin yagsanmamasi adina bilgi
giivenligi hizmetleri sunan sirketlerden {iriin ve danigmanlik
satin almaktadirlar. Bu kapsamda 2015 yilinda 75 milyar ABD
Dolarimni bulan siber giivenlik harcamalarinin, 5 y1l igerisinde
toplamda 1 trilyon ABD Dolarina ulasacagi 6ne siiriilmektedir
[25] NATO tarafindan Denver Universitesi'ne yaptirilan bir
aragtirma sonucuna gore, 2030 yilinda diinyada siber
giivensizlikten dolayr meydana gelen hacmin 90 Trilyon
Dolar'a ulagmasi 6ngoriilmektedir. Daha da endise verici olan;
bu caligma gelecekte siber giivensizligin yaratacagi maliyetin
siber uzayin getirdigi yararlardan daha agir olabileceginin
altim1 ¢izmektedir. Bu nedenle, s6z edilen harcama miktarinin

giivensizligin ~ getirebilecegi  toplam  maliyet ile
karsilagtirildiginda oldukga kiiguik kalabilecegi
belirtilmektedir [16].

V. SONUC
Siber giivenlik giinlimiizde arttk ulusal giivenlik

stratejilerinde de ele alinan bir kavram haline gelmistir.
Ozellikle son birkag yildir, Tiirk sirketleri ve hiikiimet
yetkililerinin de stirekli olarak siber suglarin ve siber
casuslugun hedefinde olmalar1 bu alandaki probleme dikkat
cekmekte ve daha fazla yatirnm yapilmasinin gerektigini
gozler oniine sermektedir. Teknolojideki siirekli gelisme ile
birlikte siber giivenlik konusunda da meydana gelen
gelismeler o kadar izl gerceklesmektedir ki, alinan 6nlemler
ve yapilan yasal duzenlemeler yetersiz kalabilmektedir. Olasi
tehditler ve ihtiyaglar dogrultusunda alinan kararlar ileriye
doniik olarak gilivenligin saglanmasinda yeterince etkili
olamamaktadir. Cok c¢esitli siber saldirt  yontemleri
bulunmakta olup, Ozellikle kisisel Olgekte bunlarin ¢ogu
bilinmemektedir. Bilisim sistemleri i¢in giivenlik stratejileri
ise konuyu bilen uzmanlar tarafindan gelistirilirken ¢ogu
zaman son kullanici bu giivenlik tedbirlerinden habersizdir.
Bu baglamda siber alanda olusan tiim tehditlere kars1 devlet,
kurum ve bireylerin birlikte hareket ederek hatta devletler
bazinda isbirligi yaparak tiim diinyada biling seviyesinin
artirilmasi gerekmektedir. Siber giivensizligin getirebilecegi
maliyetin bu alanda yapilacak harcamalardan daha fazla
olabilecegi gdz oniine alindiginda siber savunmaya daha fazla
yatirim yapilmasi gerektigi agikca goriilmektedir.
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Abstract — In this study, Zircaloy-4 rods are heat treated and cold rolled to different (15%, 30%, 45%, 60%, and 75%) reduction
ratios to determine the effect of heat treatment and cold rolling on micro and nano scale mechanical properties of Zircaloy-4.
Micro scale mechanical properties are investigated by micro Vickers hardness tester and nano scale mechanical properties are
studied by universal mechanical tester (UMT). Fracture surfaces of samples are illustrated by scanning electron microscope
(SEM). Microstructure of samples are evaluated by optical microscope. It is found that hardness increased with increasing cold
rolling reduction ratio both in micro and nano scale. Nano scale measurements showed that the elastic modulus is increased with
increasing reduction ratio. Increase in hardness and elastic modulus altered the fracture from ductile to brittle. Fracture mode for
samples are determined as mixed mode.

Keywords — Zircaloy-4, UMT, cold rolling, mechanical properties.

I. INTRODUCTION

Zirconium alloys are very important for nuclear industry
with their outstanding features [1]. Due to enhanced
mechanical and physical properties, Zircaloy-4 is the most

B. Sample Preparation

The production processes and the names of Zircaloy-4
samples are shown in Table 2.

popular zirconium alloy. Cold rolling is used by many Table 2. Chemical composition of Zircaloy-4 rod
researchers for enhancing the mechanical properties of — —
Zircaloy-4. Fuloria et al. [2] have studied the effect of cold Samﬂ%name Annealfng (C) | Cold ml_lmg (%)
rolling on the hardness and tensile strength of Zircaloy-4. They AN 700 -

found that the cold rolling increases the hardness and strength CR15 700 15

due to increasing of dislocation density and grain refinement. CR30 700 30

They also found that dislocation density increased with CR45 700 45
increasing stacking fault probability. Lim et al. [3] have CR60 700 60
studied the effect of cold rolling and heat treatment on the CR75 700 75
mechanical properties of Zircaloy-4. It is claimed that texture

was developed with higher rolling reduction and it was AR is as-received material. AN is only annealed and other

influenced by final heat treatment. It is also reported that the  samples are cold rolled to different reduction ratios. The
direction of the test affected the creep strain. Busser et al. [4]  annealing process is performed by an atmosphere controlled
have investigated mechanical properties and oxide layer heat treatment furnace. The air in the furnace is removed by a
damage evolution in Zircaloy-4 by ring compression test vacuum pump with 60 mbar vacuum before filling the
technique. They found that the ring compression test technique  atmosphere of the furnace with argon. AN, CR15, CR30,
has an important potential for both analyzing the mechanical ~CR45, CR60, and CR75 are annealed by applying 4 hours
properties of irradiated and non-irradiated nuclear fuel rod  recrystallization heat treatment at 700°C in argon atmosphere.
cladding materials. Although zirconium alloys are produced  Samples are cooled to room temperature in the furnace. CR15,
by many techniques, cold rolling has been chosen for thisstudy =~ CR30, CR45, CR60, and CR75 are heated to 300°C in air

owing to its ease of use and cheapness. atmosphere before each pass of cold rolling. These samples are
cold rolled by two rolling mills with 240 mm diameter at 1.25

Il. MATERIALS AND METHOD rpm rolling speed. 15% reduction ratio is practiced in each

A Materials pass. Thereby, 1 pass for CR15, 2 passes for CR30, 3 passes

for CR45, 4 passes for CR60, and 5 passes for CR75 are
performed. All samples are sectioned both from rolling
direction (RD) and transverse direction (TD) to illustrate the
anisotropy in the mechanical properties. Sectioned samples
Table 1. Chemical composition of Zircaloy-4 rod mounted into bakelite by a hot mounting press. After hot
mounting, mounted samples are grinded with 320, 600, 800,
Ileement °_| CR SN Fe Zr 1000, 12%0, 2000, and 2EF>)OO grit SgiC coated abrasive grinding
eight 0.16 | 0.13 1.7 0.24 Balance 1 . .
papers. After this, samples are polished with 6 pum, 3 pm, and
1 um diamond suspension on flocked polishing cloth.

Zircaloy-4 rod with 10 mm diameter is provided from
Nanografi Nanotechnology Ltd. Chemical composition of
Zircaloy-4 rod is shown in Table 1.

" This is an extended version of a conference paper (ISMSIT2017).
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Polished samples are etched with proper etchant for thirty
seconds to reveal the microstructure clearly. Chemical
composition of etchant is shown in Table 3.

Table 3. Chemical composition of etchant

Component Weight(%0)
Hydrofluoric acid (HF) 10
Nitric acid (HNO3) 45
Distilled water 45

Transverse (left) and rolling (right) directions of samples are
hot mounted to same bakelite as shown in Fig. 1.

AR AN CR15 CR30 CR45

CR60

Fig. 1 Prepared samples

C. Micro and Nano Scale Mechanical Tests

Micro scale mechanical properties are examined with
SHIMADZU HMV-G micro Vickers hardness tester shown in
Fig. 2. Microhardness test is practiced both just after cold
rolling process and after polishing and etching. Microhardness
measurements are practiced under 9.807 N load and 6 seconds
holding time by diamond pyramid indenter.

Fig. 2 SHIMADZU HMV-G micro Vickers hardness tester

Nano scale mechanical properties are studied by BRUKER
UMT via nanoindentation test mode. UMT is shown in Fig. 3.
Rolling and transverse directions of samples are investigated
after polishing and etching. Nanoindentation tests are carried
out by berkovich diamond triangular pyramid indenter with
100 nm tip radius. Multiple-stage loading profile (from 50 mN
to 400 mN with 50 mN increase in each step) is applied to each
sample.

Fig. 3 BRUKER UMT

D. Microscopic Examination

30

Microstructure photographs of etched samples are taken by
NIKON Eclipse MA100 inverted optical microscope in 1000X
magnification to illustrate the grain structure, orientation, and
size.

Fracture surface pictures of samples are taken by FEI Quanta
Feg 450 SEM. Scanning is performed in 1000X and 5000X
magnification with high vacuum mode. Scanned areas of
fracture surfaces are chosen randomly.

I1I.RESULTS

A. Micro and Nano Scale Mechanical Test Results

Microhardness test is performed both just after cold rolling
process and after polishing and etching. The measurements
after cold rolling illustrated the effect of cold rolling process
on microhardness. On the other hand, micro Vickers hardness
test after etching showed the effect of polishing and etching on
microhardness. Microhardness values of samples after cold
rolling are shown in Fig. 4.

34
—a—RD
——TD

N g @ ©
o © [=} N
1 1 1 1

Microhardness after rolling (GPa)
n
'
1

22 ;

T T T T T T
AN CR15 CR30 CR45 CR60 CR75

Fig. 4 Microhardness values of samples after cold rolling

AR, AN, CR15, CR30, CR45, CR60, and CR75 after rolling
are 2.905, 2.347, 2.567, 2.663, 2.812, 2.961, 3.230 GPa, and
2.494, 2.296, 2.322, 2.334, 2.389, 2.463, 2530 GPa,
respectively. Microhardness value of samples increased with
increasing cold rolling reduction ratio in both rolling and
transverse directions. Microhardness values of samples after
etching are shown in Fig. 5.
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Fig. 5 Microhardness values of samples after etching

Microhardness values of rolling and transverse direction of
AR, AN, CR15, CR30, CR45, CR60, and CR75 after etching
are 2.838, 2.359, 2.455, 2.577, 2.738, 2.859, 3.112 GPa, and
2.483, 2.255, 2275, 2351, 243, 2490, 2.506 GPa,
respectively.
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Nanoindentation results are represented by illustrating the
graphs about the effect of multiple-stage loading on depth of
indentation mark. Load-depth graphs of rolling directions of
samples are shown in Fig. 6.

— —AR-RD
——AN-RD | E

CR15-RD
—— CR30-RD

CR45-RD
—— CR60-RD
—— CR75-RD

400

100

T
2

Depth (um)
Fig. 6 Load-depth graphs of rolling directions of samples

Steeper slope of the curve means higher elastic modulus and
lower depth means higher hardness due to small projected area
[7]. CR75 has the highest hardness with minimum depth, and
highest elastic modulus with steepest slope of curve.
Conversely, AN has the lowest hardness and elastic modulus.
Other samples took place according to their reduction ratios.
Load-depth graphs of transverse directions of samples are
shown in Fig. 7.

——AR-TD
—— AN-TD

CR15-TD
1|—— CR30-TD

CR45-TD
—— CR60-TD
|[=——CR75-TD

400

300

mN)

5200

Loa:

100

Depth (um)
Fig. 7. Load-depth graphs of transverse directions of samples

The gradation of curves in transverse direction is similar to
that in rolling direction. CR75 is the hardest sample with
having the highest elastic modulus, and vice versa is valid for
AN. The shifting of the curves to the left side continued up to
curves of CR75 both in rolling and transverse directions.
Average nanohardness values of samples after etching are
shown in Fig. 8.
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Fig. 8. Average nanohardness values of samples after etching

As seen in Fig. 8, nanohardness increased with increasing
of cold rolling reduction ratio as expected. Nanohardness
values of rolling direction and transverse direction of AR, AN,
CR15, CR30, CR45, CR60, and CR75 after etching are 2.482,
1.568, 2.013, 2.196, 2.494, 2.610, 3.071 GPa, and 2.250,
1.460, 1.810, 1.921, 1.989, 2.345, 2.356 GPa, respectively.
Nanohardness values of AR in both directions are similar to
those of CR60. The average elastic modulus values of samples

are shown in Fig. 9.
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Fig. 9. Average elastic modulus values of samples

As can be seen in Fig. 9, elastic modulus, hanohardness, and
microhardness values are interrelated. Elastic modulus values
of rolling direction and transverse direction of AR, AN, CR15,
CR30, CR45, CR60, and CR75 are 80.1, 38.1, 52.4, 56, 66,
69.5, 103.7 GPa, and 62.8, 32.3, 41.6, 45.2, 52, 55, 77 GPa,
respectively.

Elastic modulus values increased with increasing cold
rolling reduction ratio. Moreover, elastic modulus values of
AR are between CR60 and CR75.

B. Microscopic Examination Results

All samples are etched, and microstructure photographs are
taken by inverted optical microscope in 1000X magnification
to illustrate the grain structure, orientation, and size.
Microstructures of rolling and transverse directions of AR are
shown in Fig. 10. The red lines on the photographs represent
20 pm scale bar.
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Fig. 10. Microstructures of rolling and transverse directions of AR

As seen in Fig. 10, there are elongated and broken grains in
rolling direction. Grain sizes are in the range of 5-15 um.
Rolling direction of sample has bigger grains due to elongation
derived from cold rolling. Furthermore, there are some
overlong grains in rolling direction. Microstructures of rolling
and transverse directions of AN are shown in Fig. 11.

o

Fig. 11. Microstructures of rolling and transverse directions of AN

As illustrated in Fig. 11, there are equiaxed big grains in
both rolling and transverse direction. Grain sizes are in the
range of 10-25 pum. Black points on the surface are defects and
voids. The orientation could not be seen due to absence of cold
rolling process. Fig. 12 shows microstructures of rolling and
transverse directions of CR15.

Fig. 12. Microstructures of rolling and transverse directions of CR15

The difference between AN and CR15 is very little. The
most notably difference is the alignment of some voids in the
rolling direction. In addition, grain size is slightly lower than
AN in both directions. Fig. 13 shows microstructures of rolling
and transverse directions of CR30.

Fig. 13. Microstructures of rolling and transverse directions of CR30

Grains started to elongate in rolling direction, while getting
smaller in transverse direction. Grain boundary orientation
started to form along the rolling direction. Grain sizes are in
the range of 12-20 pm.Fig. 14 shows microstructures of rolling
and transverse directions of CR45.
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Fig. 14. Microstructures of rolling and transverse directions of CR45

As illustrated in Fig. 14, grain boundary orientation and
alignment of voids started to create a band structure in rolling
direction. Grains in rolling and transverse directions are
smaller than that of CR30. The grain size range is nearly 10-
15 pm. The grain sizes in transverse direction are slightly
lower than those of rolling direction. Fig. 15 shows
microstructures of rolling and transverse directions of CR60.

Fig. 15. Microstructures of rolling and transverse directions of CR60

Grain sizes of rolling and transverse directions continue to
decreasing. Grain sizes of CR60 are in the range of 5-13 pum.
Fig. 16 shows microstructures of rolling and transverse
directions of CR75.

Fig. 16. Microstructures of rolling and transverse directions of CR75

As illustrated in Fig. 16, an orientation formed along the
rolling direction. Grain sizes in rolling and transverse
directions reached to their minimum values in the range of 3-
10 pum. Transverse direction of CR75 has lower grain sizes
than rolling direction like other samples. Fig. 17 shows
average grain sizes of samples.
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Fig. 17. Average grain sizes of samples

Average grain sizes of rolling direction of AR, AN, CR15,
CR30, CR45, CR60, and CR75 are 12.19, 18.68, 17.63, 16.26,
12.93, 11.08, 7.55 pum. Average grain sizes of transverse
direction of samples are 10.11, 18.47, 17.12, 15.07, 11.41,
8.43, 4.02 pm, respectively.

Average grain sizes of transverse directions are lower than
average grain sizes of rolling directions. In addition, average
grain size decreased with increasing of cold rolling reduction
ratio. Average grain size values of AR are between CR45 and
CR60.

Fracture surface pictures of samples are taken randomly in
1000X and 5000X magnification with high vacuum mode to
illustrate fracture behavior of samples. Fig. 18 shows
fractography images of AR.

Fig. 18. Fractography images of AR in 1000X (left) & 5000X (right)

Flat areas shown with arrows represent the quasi-cleavage
surfaces; on the other hand, small voids shown with circles
stand for dimples. As seen in Fig. 18, the amount of quasi-
cleavage surfaces is higher than amount of dimples.
Consequently, the fracture behavior is mixed fracture mode
but it is closer to brittle fracture mode more than ductile
fracture mode. Fig. 19 shows fractography images of AN in
1000X and 5000X magnification.

Fig. 19. Fractography images of AN in 1000X (left) & 5000X (right)

There are a lot of big dimples and little quasi-cleavage
surfaces, so the fracture behavior is mixed fracture mode but
closer to ductile fracture mode. Fig. 20 shows fractography
images of CR15 in 1000X and 5000X magnification.

Fig. 20. Fractography images of CR15 in 1000X (left) & 5000X (right)

As seen in Fig. 20, the amount of dimples decreased and
quasi-cleavage surfaces increased slightly in comparison with
AN. There are big cavities in the fractography image taken in
1000X magnification. These cavities assumed to be voids that
formed in fabrication process, because they are too big to
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consider like a dimple. Fig. 21 shows fractography images of
CR30 in 1000X and 5000X magnification.

S N o, -

Fig. 21. Fractography images of CR30 in 1000X (left) & 5000X (right)

The amount of dimples continued to decrease and quasi-
cleavage surfaces became more dominant when compared
with CR15. The elastic modulus and hardness increased with
increasing of cold rolling reduction ratio as mentioned before.
Therefore, mixed fracture mode became closer to brittle
fracture mode. Fig. 22 shows fractography images of CR45 in
1000X and 5000X magnification.

Fig. 22. Fractography images of CR45 in 1000X (left) & 5000X (right)
As seen in Fig. 22, there is an obvious superiority of quasi-
cleavage surfaces on dimples. This situation is related with

high elastic modulus and hardness. Fig. 23 shows fractography
images of CR60 in 1000X and 5000X magnification.

A

Fig. 23. Fractography images of CR60 in 1000X (left) & 5000X (right)

The amount of dimples continued to decrease; conversely,
the amount of quasi-cleavage surfaces continued to increase.
Moreover, the surface is smoother than that of CR45. Fig. 24
shows fractography images of CR75 in 1000X and 5000X
magnification.

Fig. 24. Fractography images of CR75 in 1000X (left) & 5000X (right)

As illustrated in Fig. 24, the amount of quasi-cleavage
surfaces reached to maximum in comparison with other
samples. On the other hand, the amount of dimples is very
little. As a result, AN is the most ductile, and CR75 is the most
brittle sample.

IV.DISCUSSION
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Grain refinement and work hardening are main mechanisms
for microhardness increment [2]. It can be understood from
Fig. 4 that microhardness values of rolling direction of samples
are higher than that of transverse direction of samples after
cold rolling process. The reason for this is the grain orientation
difference between two directions. The anisotropy of
mechanical properties in materials with longitudinal grains is
a well-known fact [5]. It also can be seen in Figure 3.21 that
the distance between microhardness value of rolling direction
and microhardness value of transverse direction increased with
increasing cold rolling reduction ratio. The evolution in grain
refinement and work hardening mechanisms is the reason for
increment in the distance between microhardness value of
rolling direction and that of transverse direction. Work
hardening mechanism in rolling direction is more effective
than that in transverse direction, and its effect increases with
increasing reduction ratio. On the other hand, grain refinement
mechanisms in both directions are similar. The direction-
dependent change of work hardening mechanism is the main
factor for this situation [2].

If Fig. 4 and Fig. 5 are analysed together, it can be seen that
polishing and etching have very little reducing effect on
microhardness values of samples in both rolling and transverse
directions. This situation reveals the relationship between
surface roughness and hardness. As it is known, hardness
increases with decreasing of surface roughness [6]. Etching
slightly increased the surface roughness and thus reduced the
hardness.

As can be seen in Fig. 6 and Fig. 7, the slopes of load-depth
curves of rolling directions are steeper than those of transverse
directions. Furthermore, maximum depth values of transverse
directions are higher than those of rolling directions.
Consequently, elastic modulus and hardness values of rolling
directions of samples are higher than those of transverse
directions of samples. This result is in a good agreement with
the information mentioned before in microhardness values.

The homogeneity of samples can be explained with shape
of the curves. If the curves of different loads (from 50 mN to
400 mN) form a regular line, it means that the sample is
homogeneous. Load-depth figures of samples illustrate that the
homogeneity of all samples are in a good level [8].

The nose of the curve is sharper in samples with high elastic
modulus, and more cambered in samples with low elastic
modulus. Internal stresses play an important role in this
situation by influencing the recovery behaviour [9].

Average nanohardness values of samples are in a good
agreement with microhardness values and load-depth curves.
Also, these values are in corroboration with the literature [10,
11].

Mechanical properties of AR and CR60 are very similar.
The well known production route for rod shaped materials
includes hot extrusion, multiple cold rolling, and annealing
[12]. It is predicted that AR cold rolled to approximately 60%
reduction ratio during fabrication.

The overlong grains are not typical for cold rolled materials,
and can be seen in hot rolled samples. The overlong grains
should be derived from the hot rolling part of production route
of AR.

The hardness increased with decreasing of grain size in
rolling direction. For example, CR75-RD is harder than CR60-
RD by having smaller grains. On the other hand, CR75-RD is
harder than CR75-TD but grains of CR75-TD are smaller. the
mechanisms for increasing of hardness are grain refinement
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and work hardening. The work hardening mechanism is more
effective in rolling direction. In addition, the anisotropy due to
grain orientation affects the hardness. The effects of work
hardening and grain orientation are more dominant than grain
refinement effect. Consequently, higher hardness of CR75-RD
from CR75-TD becomes reasonable, although grains of CR75-
RD are bigger.

Cleavage surfaces are characteristic for brittle materials,
and dimples are characteristic for ductile materials.
Furthermore, cleavage surfaces and dimples can be located
together in most of the metals, and this situation is named
mixed fracture mode [13, 14]. It can be concluded that the
fracture behavior of samples changed with cold rolling. AN is
the most ductile sample with maximum amount of dimples and
CR75 is the most brittle sample with maximum amount of
quasi-cleavage surfaces.

V. CONCLUSION

Microhardness values of samples increased with increasing
cold rolling reduction ratio in both rolling and transverse
directions by grain refinement and work hardening
mechanisms in microscale. In addition, work hardening
mechanism in rolling direction is more effective than that in
transverse direction, and its effect increases with increasing
reduction ratio. On the other hand, grain refinement
mechanisms in both directions are similar. Furthermore,
polishing and etching have very little reducing effect on
microhardness values of samples in both rolling and transverse
directions.

Nanohardness and elastic modulus increased with
increasing of cold rolling reduction ratio. Moreover, elastic
modulus and hardness values of rolling direction of samples
are higher than that of transverse direction of samples. Load-
depth figures of samples illustrate that the homogeneity of all
samples are in a good level.

The hardness increased with decreasing of grain size in
rolling direction. In addition, average grain sizes of transverse
directions are lower than average grain sizes of rolling
directions. Samples have mixed fracture mode with quasi-
cleavage surfaces and dimples. The fracture behaviour of
samples altered from ductile to brittle with increasing of cold
rolling reduction ratio.
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Abstract — In this study, the effect of production parameters (G number, casting atmosphere, and cooling rate) on secondary
dendrite arm spacing (SDAS) and estimation of cooling rate by SDAS in functionally graded AIl-Cu eutectic alloy are
investigated. Functionally graded Al-Cu eutectic alloy is fabricated by centrifugal casting method. Different productions are
carried out by changing cooling rate, G number and casting atmosphere. Cooling rate is controlled by a novel mold design and
0,09 K/s, 1,04 K/s, 1,96 K/s and 2,82 K/s cooling rates are obtained by using this mold. 10, 20 and 30 G numbers are obtained
by changing the mold rotation speed. Air and 200 mBar vacuum atmospheres are preferred as casting atmospheres. SDASs are
measured by Leica Application Suite V 4.6 image analysis software. Apparent interlamellar spacing is used in measurements. It
is found that cooling rate alteration has a significant influence on SDAS. In addition to this, G number and casting atmosphere
affected the SDAS by affecting the cooling rate. SDAS increased with the decreasing of cooling rate. Successful results are
obtained in cooling rate estimation.

Keywords — Aluminum alloys, FGM, SDAS, cooling rate.

I. INTRODUCTION In this study, functionally graded Al-Cu eutectic alloy is

Functionally graded aluminum alloys attracted the attention ~ fabricated by centrifugal casting. The effect of G number,
of scientists due to outstanding properties. There are many casting atmosph_ere, and cooling rate on SDAS is mv_estlgated.
fabrication techniques for production of functionally graded ~ Moreover, cooling rates of samples are roughly estimated by
materials. Powder metallurgy, thermal spraying and SDAS.
centrifugal casting are commonly used techniques for this I
process. Centrifugal casting differs from other techniques by
being simple and cost effective. Rahvard et al. [1] have A. Production of Pre-samples
investigated the fabrication of A390 aluminum alloy by Pure aluminium with ETIAL-7 standard and commercially
centrifugal casting with different magnesium contents and the pure copper are used to produce the Al-Cu eutectic alloy.

characterization of the graded structures of samples. They  ~pemical composition of ETIAL-7 aluminium is shown in
found different particle distributions in the inner and outer T4 1.

layers and this affected the mechanical properties of samples.

. MATERIALS AND METHOD

Lin et al. [2] have studied the fabrication of functionally Table 1. Chemical composition of ETIAL-7 aluminium
graded Al-Si-Mg alloy by centrifugal casting. They showed Element Al Fe | Si | Cu | Others
that the functionally graded Al-Si-Mg alloy has superiority on Weight (%) | 99.7 | 0.15 | 0.25 | 0.03 | 0.17

conventional Al-Si-Mg alloy in wear resistance and thermal
expansion property. Shailesh et al. [3] have studied the
optimization of process parameters of Al-Si alloy by
centrifugal casting. They found that the increase in the pouring Table 2. Chemical composition of commercially pure copper
temperature reduced mec_hanical properties; on 'Fhe other har_1d, Element | Cu Fo Si Bi S Others
increase in mol_d_speed increased _the m_echanlcal properties 79999 [ <200 | <2.00 | <2.00 | <10.00 | <15.00
and_densny. Chl(lta et al. [4] have |r_1vest|gate(_j the sensitivity Amount |\ "op ppm | ppm | ppm | ppm ppm
of different aluminum alloys to centrifugal casting. They found
that the centrifugal effect on mechanical properties was more Aluminum and copper are weighted according to eutectic
pronounced in alloys with high eutectic contents. Mechanical ~ ratio and melted in SiC crucible at 700°C by an electrical
properties of materials like hardness, tensile strength, resistance melting furnace. Liquid metal stirred with pure
percentage elongation, and impact energy are related with ~ copper sticks to avoid contamination and for having a

secondary dendrite arm spacing (SDAS) and SDAS can be homogenous eutectic melt. Chemical compositions of pre-
controlled by cooling rate [5]. samples are tested by optical emission spectrometer to be sure

about homogeneity. The result is shown in Table 3.

Chemical composition of commercially pure copper is
shown in Table 2.

" This is an extended version of a conference paper (ISMSIT2017).
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Table 3. Chemical composition of Al-Cu eutectic alloy pre-samples

Others
0.05

Element Al Cu Si Fe
Weight (%) | 66.90 | 32.80 | 0.03 | 0.15

The centrifugal casting machine that used in this study has a
closed system, so material adding is impossible while working.
For this reason, pre-samples are produced in steel molds those
have same volume with the centrifugal casting mold. Pre-
samples and steel molds are shown in Fig. 1.

Fig. 1. Pre-samples and steel molds

B. Mold Design

Four different molds are designed by using metallic and
ceramic materials. Outer parts of molds are fabricated from Al-
6061 alloy to protect molds from the negative effects of high
pressure that occurs in centrifugal casting process. Copper
coolers are located on the bottom of molds. Different cooling
rates are obtained by changing the contact area between liquid
alloy and the copper cooler. Inner parts of molds are fabricated
from ceramic materials with low heat transfer coefficients.
Mold designs are shown in Fig. 2.

A B C D

— Aliminum
CalCast CC100

Ceraboard 100
Copper cooler

Fig. 2. Mold designs for obtaining different cooling rates

Calcast CC100 is used in inner parts of A, B, C, and D
molds. Furthermore, Ceraboard 100 is used in D mold to
prevent the contact of liquid alloy to copper cooler. Directional
solidification is obtained in A, B, and C molds by the
difference between heat transfer coefficients of Calcast CC100
and copper cooler. There was no directional solidification in D
mold because of equal heat transfer in all directions. Heat
transfer coefficients of mold materials are shown in Table 4.

Table4. Heat transfer coefficients of mold materials [6, 7]

Material Cu Al- | Calcast | Ceraboard
6061 | CC100 100

Heat transfer
coefficient(\W/mK) 400 | 167 0.26 0.13

Cooling rates and the contact areas between liquid alloy and
the copper coolers are shown in Table 5.

Table5. Cooling rates of molds and contact areas

Mold A [ B C D
Cooling Rate(K/s) | 1.04 | 1.96 | 2.82 | 0.09

| Contact Area(cm?) | 2.35 | 470 | 7.05 | none |

Detailed information about molds and heat transfer
calculations can be found in another study [8].

C. Centrifugal Casting

Functionally graded AI-Cu eutectic alloy samples are
fabricated by casting pre-samples in TopCast TCE centrifugal
casting machine. Centrifugal casting machine and mold are

= shown in Fig. 3.

Fig. 3. Centrifugal casting machine and mold

Mold rotation speed is set to achieve 10, 20 and 30 G
numbers. Ceramic parts of the mold are pre-heated to 200°C
to avoid the thermal shock and cracking. 700°C is selected for
casting temperature and controlled by optical pyrometer. After
putting the pre-sample to crucible, the cover of centrifugal
casting machine is closed and 200 mBar vacuum is applied to
all specimens for degassing until completion of melting.
Vacuum is released before rotation in fabrication of specimens
produced in air atmosphere and held until the end of rotation
for specimens fabricated in vacuum atmosphere. After the melt
reached 700°C, mold is rotated for 8 and 15 minutes for high
cooling rates (A, B, and C molds) and slow cooling rate (D
mold), respectively. These time slots include pouring,
solidification and cooling. Fabricated samples by A, B, C, and
M molds are shown in Fig. 4.

Fig. 4. Fabricated samples by A, B, C, and D molds

D. Metallographic Examination

Fabricated samples are cut into pieces by abrasive cutter like
shown in Fig. 5 to make more feasible for metallographic
examination.

Riser
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Fig. 5. Pieces of samples

All pieces are cut through the axis of symmetry to
investigate the interior parts of samples. After cutting, samples
are grinded with 320, 600, 800, 1000, and 1200 grit SiC
abrasive papers.

Samples are polished and etched by Struers LectroPol-5
electropolisher for 5 seconds at 22°C. The volumetric ratios of
components of electrolyte used in electropolishing are shown
in Table 6.

Table6. Components of electrolyte used in electropolishing
Component Vol %
Ethyl alcohol 60
Distilled water 20
2-Butoxyethanol 15
HCIO4 (perchloric acid) 5

After electropolishing, microstructure photographs are
taken by Leica DMI5000M microscope.

E. SDAS Measurement

SDAS measurements are practiced by Leica Application
Suite V 4.6 image analysis software. Apparent interlamellar
spacing is used in measurements. Fig. 6 shows apparent and
random interlamellar spacings.

T T TITE &

|
777 W7 7777

vt . Vel
| a_b= Apparent

interlamellar spacing

— _ Random
~ interlamellar spacing

Fig. 6. Apparent and random interlamellar spacings [9]

F. Cooling Rate Estimation
Cooling rates of samples are roughly estimated by the

equation shown below.

. Ahy 2K
Cooling rate = a X (ﬁ)

Ahs is latent heat, C, is specific heat, K is the constant equals
27.5 x 102 cm?®/s obtained from unidirectional solidification
experiments for the Al-Cu eutectic alloy. R is the radius of the
cylinder sample (15 mm) and A is SDAS interlamellar spacing.
Ahs / C, equals 440 K for the Al-Cu eutectic alloy [10].

I11. RESULTS

Cooling rate alteration has a significant influence on SDAS.
In addition to this, G number and casting atmosphere affected
the SDAS by affecting the cooling rate.

Small SDASs occurred after the fabrication with high
cooling rate. On the other hand, big SDASs developed after
low cooling rate fabrications. Microstructures of samples
fabricated in different cooling rates are shown in Fig. 7.

38

Fig. 7. Microstructures of samples fabricated in different cooling rates

The biggest SDASs are obtained with 0.09 K/s cooling rate,
and the smallest SDASs are obtained with 2.82 K/s cooling
rate.

Since A, B, and C molds are designed for directional
solidification, both SDAS and solidification direction changed
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in different parts of samples fabricated by these molds.

Solidification directions and SDASs of different parts of

mples fabricated by A, B, and C_[nods are shown in Fig. 8.
> o# .y‘él’v

Fig. 8 Microstructures of different parts of samples (A, B, and C molds)

It is obvious that, first part has the smallest SDAS, and third
part has the biggest. Moreover, the solidification direction is
towards the copper cooler in first part, and it changes its
direction as moving away from copper cooler. SDASs of
samples fabricated by A mold are shown in Fig. 9.

169 [—=—10G-Arr

154 |—o— 10G-Vacuum|
144 [—*— 20G-Air
—0— 20G-Vacuum
—&— 30G-Air
124 |—— 30G-Vacuum
1,14

1,04
09
08
07
06
05
04

1,34

SDAS (um)

Part
Fig. 9 SDASs of samples fabricated by A mold

As can be seen from Fig. 9, the SDAS values of third part
are bigger than SDAS values of other parts. SDAS becomes

smaller with increasing of G number. SDAS values of samples
fabricated in vacuum atmosphere are bigger than those of
fabricated in air atmosphere. SDASs of samples fabricated by
B mold are shown in Fig. 10.

61 Fa—10G-Air
154 |—=— 10G-Vacuum
14 1 |[—e—20G-Air
131 [~© 20G-Vacuum
1 | —~—30G-Air
1.2 7 [——30G-Vacuum
£
2 104
(o -4
< 094
[a] ]
(2] 0,8
07
0,6
05
04 ]
T T T
1 2 3
Part

Fig. 10. SDASs of samples fabricated by B mold

As the cooling rate increases, SDAS decreases. SDASs of
first parts of samples fabricated by A mold are in the range of
0.8-0.9 pum. This range decreased to 0.6-0.7 pum in the first
parts of samples produced by B mold because of the increasing
of cooling rate from 1.04 K/s to 1.96 K/s. This situation is also
valid for second and third parts. SDASs of samples fabricated
by C mold are shown in Fig. 11.
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Fig. 11 SDASs of samples fabricated by C mold

As the cooling rate increased to 2.82 K/s, SDASs in the first
parts of samples decreased to the range of 0.4-0.5 pm. It
decreased to the range of 0.6-0.7 um in second parts and 0.9-.1
um in third parts. The effects of G number and casting
atmosphere on SDAS are similar in A, B, and C molds. In
addition to this, the effects of G number and casting
atmosphere decreased very little with the increasing of cooling
rate.

In the A, B, and C molds, there is a difference between
SDAS values of different parts. This situation is due to the
decreasing temperature gradient from the copper cooler to the
riser zone in the A, B, and C molds. SDASs of samples
fabricated by D mold are shown in Fig. 12.
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Fig. 12 SDASs of samples fabricated by D mold

As can be seen from Fig. 12, while SDASs in first and third
parts are in the range of 3.7-4.3 pm, it is in the range of 4.0-
4.8 in second parts. The effects of G number and casting
atmosphere on SDAS are similar with the samples fabricated
in high cooling rates. SDAS decreased with increase of G
number and increased with vacuum application. In addition to
this, G number and casting atmosphere are more effective in
low cooling rate. Longer fluid retention of the alloy at low
cooling rate is the main reason for the increase in G number
and casting atmosphere effects.

To make an appropriate comparison between calculated and
estimated cooling rates, mean value of SDASs from first,
second, and third part is used in estimations. Mean values of
SDAS:s of different parts are shown in Table 7.

Table7. Mean values of SDASs of different parts

Process\Mold A B C D
10G-A 1.128 um | 0.944 um | 0.705 um | 4.216 pm
10G-V 1.195um | 1.017 um | 0.767 pm | 4.379 um
20G-A 1.063 um | 0.893 um | 0.683 pym | 4.059 um
20G-V 1.142 um | 0.909 um | 0.735 pm | 4.268 um
30G-A 1.020 um | 0.896 um | 0.637 um | 3.868 um
30G-V 1.062 um | 0.894 um | 0.680 um | 4.057 um

Mean values of SDASs are used as A in cooling rate
estimation equation. Estimated cooling rate results are shown
in Table 8.

Table7. Mean values of SDASs of different parts

Process\Mold A B C D
10G-A 1.268 K/s | 1.810 K/s | 3.240 K/s | 0.090 K/s
10G-V 1.129 K/s | 1.560 K/s | 2.740 K/s | 0.084 K/s
20G-A 1.427 K/s | 2.020 K/s | 3.450 K/s | 0.098 K/s
20G-V 1.237K/s | 1.950 K/s | 2.980 K/s | 0.088 K/s
30G-A 1550 K/s | 2.010K/s | 3.970K/s | 0.100 K/s
30G-V 1.430K/s | 2.018 K/s | 3.480 K/s | 0.098 K/s

As can be seen from Table 8 and Table 5, estimated and
calculated cooling rates are similar with 11.5 % error in total.

IV.DISCUSSION

The difference in solidification direction between the parts
is due to the different cooling rates of these parts. There is a
decreasing temperature gradient in the A, B, and C molds from
the copper cooler to the riser zone. Thus, the temperature
difference which is the driving force of directional
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solidification decreases and this changes the solidification
direction.

Vacuum allows the alloy to remain liquid for a longer period
of time because it reduces the number of air molecules in the
environment and prevents heat transfer by convection. In the
samples fabricated in vacuum atmosphere, the SDAS is bigger
due to the longer completion of the solidification.

The effect of the G number can be defined by changing the
cooling rate. As the G number increases, the pressure applied
to the liquid metal increases. The increase in pressure applied
to the liquid metal allows for better contact in the liquid metal-
mold interface and faster transfer of heat from this interface.
Thus, solidification becomes faster and SDAS becomes
smaller [11].

Since the contact of liquid metal and copper cooler is
prevented by isolation material, there is no decreasing
temperature gradient from the copper cooler to the riser zone
in D mold. However, a new temperature gradient occurred by
different heat losses. First and third parts lost more heat than
second part, so second part remained hot. This situation caused
a new temperature gradient increasing from first part to second
part, and decreasing from second part to third part. This
temperature gradient changed the cooling rates of different
parts and SDASs.

The error in cooling rate estimations derived from heat
transfer calculations, measurement of SDASs only from three
part, and image analysis software. The total errors in other
cooling rate estimation studies in literature are between 15 %
and 20 % [12]. Consequently, 11.5 % total error can be
accepted as successful.

V. CONCLUSION

Functionally graded AIl-Cu eutectic alloy is fabricated
successfully with SDAS and solidification direction
gradations.

The effect of production parameters on SDAS is revealed.
Cooling rate is the most dominant parameter for SDAS
change. G number and casting atmosphere are affected SDAS
by affecting cooling rate in different ways.

The difference between SDASs of different parts of samples
is derived from temperature gradation in molds. Different
temperature gradations occurred due to different mold designs.

When compared with other studies from literature,
successful cooling rate estimation results are obtained.
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Patlatma Kaynakh Yer Hareketi I¢cin Bilgisayar Yazihhminin
Gelistirilmesi'
Olgun Koksal'", Zeki Karaca?

10gr. Gé'r.,“OM U Kavak MYO, Samsun, T: urkey
2Do¢.Dr.,OMU Insaat Miih. Boliimii, Samsun, Turkey
*(olgun.koksal@omu.edu.tr)

Ozet — Bu calismada, patlatma kaynakli olusan yer hareketlerinin (hava etkili ve direkt etkili) yapilar {izerindeki dinamik
etkilerini incelemek icin, hesaplarda kullanilacak olan yer hareketi ivme degerleri rastgele yontem ile tahmini olarak elde
edilmektedir. Patlatma etkili yer hareketinin modellenmesinde, patlatma kaynagina olan uzakliga ve patlatma sarj agirhigina bagh
olarak elde edilen pik ivme degerinden ve patlatma basincinin zaman zarf egrisinden yararlanilmaktadir. Patlatma kaynakli yer
hareketi modelinin olusturulmasi i¢in stasyoner olmayan rastgele islem yeterli bir yontem olarak sunulmaktadir. Patlatma
kaynakli yer hareketini temsilen, yer hareketi ivme degerlerinin tahmin edilebilmesi i¢in BlastGM (Artificial Generation of Blast
Induced Ground Motion) adli bir yazilim gelistirilmistir. Bu yazilim sayesinde patlatmanin kaynagina olan uzakliga ve patlatma
giicline bagl olarak yapay ivme degerleri olusturulabilmektedir. Ayrica bu yazilimda, patlatma kaynakli yer hareketine ait, hiz-
zaman, yer degistirme-zaman, patlatma basinci-zaman grafikleri elde edilmektedir. Yapilarin yakininda meydana gelen
patlatmalarin, ¢ok etkili ani yer hareketlerine neden oldugu iiretilen ivme degerlerinin incelenmesi ile goriilmektedir.

Anahtar Kelimeler — Patlatma, Patlatma Etkili Yer Hareketi, Rastgele Islem, Zarf Fonksiyonu , Pik Ivme

Abstract — This study intended to obtain ground motion acceleration values due to blast-induced ground motions (air-induced
and direct-induced) estimated by a random method. In order to model blast-induced ground motion, firstly, peak acceleration of
ground motion acceleration and the time envelope curve function for the blast pressure were obtained from distance of the
explosion center and the explosion charge weight and then blast-induced acceleration time history were established by using
these factors. Non-stationary random process is presented as an appropriate method to be created blast induced ground motion
model. As a representative of blast induced ground motion, the software named BlastGM (Artificial Generation of Blast induced
Ground Motion) was developed by authors to predict ground motion acceleration values. Artificial acceleration values generated
from the software depend on the charge weight and distance from the source of the explosion. Moreover, velocity-time,
displacement-time and air blast pressure-time graphics of blast-induced ground motion are artificially obtained. According to
the examination of synthetically generated acceleration values, it can be concluded that the explosions cause significant effective
ground movements.

Keywords — Blast, Blast Induced Ground Motion, Random Process, Envelope Function, Peak Acceleration.

I. GIRIS yiizeyinde en biiyiiktiir ve derinlikle azalir. Bununla birlikte,
sig su tabakasi, sig kaya zemin araylizeyi veya diger
stireksizliklerin bulunmasi normal azalis siiresini degistirir [3].
Direkt etkili yer hareketi, yer tabakalari boyunca dogrudan
iletilen patlatma enerjisinin sonucudur. Direkt etkili yer
hareketi, hava etkili yer hareketinden daha uzun siirer ve dalga
bicimi siniizoidaldir. Patlatma islemi gerceklestiginde, yer
ylizeyinde bir noktadaki net yer sarsintisi, hava etkili ve direkt
etkili yer sarsintisinin birlesimidir[3].

Ulkemizde ve diinyada bircok alanda teknolojinin de
gelismesiyle birlikte patlatma islemi yapilmaktadir. Patlatma
etkili olusacak yer sarsintilarinin mevcut insa edilmis yapilara
etkisi de biiyllk onem arz etmektedir. Bu nedenle diinya
literatiiriinde patlatma etkili yer hareketi ¢calismalarinin hizla
devam etmesi nedeniyle bu ¢aligma Onem tasimaktadir
([4,6,7,8,9,12,14]).

Karayolu tiineli, baraj ingaat1 gibi patlatma iglemlerinin sik
sik yapildig1 ingaat mithendisligi uygulamalarinda, madencilik
sektoriinde, calisma sahasina yakin yerlesim yerlerinde
bulunan yapilar patlatma isleminin ortaya ¢ikardigi enerjiden
etkilenmektedir. Yer yiizeyinde veya yer ylizeyi yakininda bir
patlatma gergeklestiginde ortaya ¢ikan enerjinin bir kismi
serbest hava yoluyla bir kism1 da direkt yer boyunca iletilir.
Hava yoluyla iletilen enerji hava etkili yer sarsintisini
olugtururken, direkt yer boyunca iletilen enerji de direkt etkili
yer sarsintisini olusturur [3].

Patlatma sirasinda havada olusan basing yere bir gerilme
uygulayarak hava etkili yer sarsintist olusur. Yerdeki
gerilmenin Dbiiyiiklik ve siiresi, yer ortamina ve hava
basincinin 6zelligine baglidir. Genellikle, hava etkili yer
hareketi asagiya dogrudur. Hava etkili yer hareketleri, yer

" This is an extended version of a conference paper (ISMSIT2017).
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Patlama merkea
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Sekil 1. Patlatma merkezi, TNT patlayicist ve patlatma merkezine R
uzakligindaki yapi.

II. YONTEM

A. Patlatma Etkili Yer Hareketinin Modellenmesi

Patlatma etkili yer hareketinin modellenmesinde, patlatma
kaynagina olan uzaklia ve patlatma sarj agirligina bagl
olarak elde edilen pik ivme degerinden ve patlatma basincinin
zaman zarf egrisinden yararlanilmaktadir[6]. Patlatma
kaynakli yer hareketi modelinin olusturulmasi i¢in stasyoner
olmayan rastgele islem yeterli bir yontem olarak
sunulmaktadir [7]. Patlatma kaynakli yer hareketini temsilen,
yer hareketi ivme degerlerinin tahmin edilebilmesi igin
BlastGM (Artificial Generation of Blast induced Ground
Motion) adli bir yazilim gelistirilmistir. Bu yazilim sayesinde
patlatmanin kaynagina olan uzakliga ve patlatma giicline bagl
olarak yapay ivme degerleri olusturulabilmektedir. Patlatma
etkili yer hareketinin modellenmesi i¢in O6nceden yapilmis
arazi deneylerinden elde edilen pik ivmelerin ampirik
formiillerinden yararlanilmistir.

B. Hava Etkili Yer Hareketi

Hava etkili yer hareketi i¢in zamana bagli ivme kayitlarinin
iiretilebilmesi i¢in asagidaki denklemle elde edilen maksimum
yatay ivme gereklidir.

100.P,,

(2
p.C'p g

AH = (1)

Bu denklemde, Ps;=patlatma basincinin en biiyiik degeri
(psi), AH = Yer yiizeyinin maksimum yatay ivmesi (g), g =
Yergekimi sabiti (32.2 ft/sn?) ile gosterilmektedir.

(1) formiiliinde yer alan p, zeminin kiitle yogunlugu Tablo-
1’de ve Cp, zeminin sismik dalga hizi Tablo-2’de zemin tiiriine
gore verilmektedir[3].

Table 1. Tipik zeminler ve kayalar i¢in kiitle yogunluklari

Kiitle yogunlugu,

Malzeme p(Ib-sre)/in:
Gevsek, kuru kum 1.42E-04
Gevsek, doygun kum 1.79E-04
Siki, kuru kum 1.65E-04
Siki, doygun kum 2.02E-04
Kuru kil 1.12E-04
Doygun kil 1.65E-04
Kuru, kumlu silt 1.57E-04
Doygun, kumlu silt 1.95E-04
Bazalt 2.56E-04
Granit 2.47E-04
Kalker 2.25E-04
Kumtasi 2.10E-04
Killi sist 2.17E-04
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Table 2. Tipik zeminler ve kayalar i¢in kiitle yogunluklari

Malzeme

Gevsek ve kuru zeminler
Kil ve yas zeminler

Iri ve sikistirlmis zemin
Kumtagi ve ¢imentolu zeminler
Killi sist ve kiregli kil
Kiregtagi-tebesir
Metamorfik kayalar
Volkanik kayalar
Saglam plutonik kayalar
Catlak granit

Ayrismig kayalar

Sismik Hiz(inc/sn)
7200-39600
30000-75600
36000-102000
36000-168000
72000-210000
84000-252000
120000-252000
120000-270000
156000-300000
9600-180000
24000-120000

C. Direkt Etkili Yer Hareketi

Direk etkili yer hareketini temsilen zaman ivme kayitlarinin
iiretilebilmesi i¢in (2) nolu denklem

PPA=3.979R 1430107 (2) @)

olarak verilmektedir. Burada, R, Patlatma merkezinden
uzakligr (m), Q,TNT patlatma yiikii agirhigim (kg), g=9.81
m/s?, yergekimi ivmesini gdstermektedir.

Goriildiigi gibi patlayict yogunluguna, patlatma merkezi
uzaklhigina ve zemin Ozelligine bagli olarak hava etkili ve
direkt etkili yer hareketlerinin maksimum ivmeleri
hesaplanabilmektedir. Yapilarin dinamik analizinde ise, yer
hareketini temsilen ivmenin zamana bagli degerlerinin
bilinmesi gereklidir. Bu c¢alismada patlatmanin dinamik
etkilerinin her zaman deneysel olarak belirlenemedigi
durumlarda dikkate alinabilecek ivme-zaman degerleri
gelistirilen yazilim ile elde edilecektir.

Patlatma kaynakli yer hareketinin modellemesinde
stasyoner olmayan rastgele iglem yontemi kullanilmaktadir.
Bu yontemde, yer hareketi ivme degerleri, deterministik sekil
fonksiyonu (zaman yogunluk zarf fonksiyonu) p(t) ve
stasyoner islem, w(t) parametreleri kullanilarak hesap
edilmektedir [2,10]. Patlatma kaynakli stasyoner olmayan yer
hareketi [1] tarafindan da (3) denklemiyle ifade edilmistir.

ap (1) = plriwlr) €)

Sekil fonksiyonu deprem mihendisliginde zamanlama
bakimindan sismik yer titresiminin duragan (stasyoner)
olmayan oOzelligini belirlemede kullanilmaktadir. (3) nolu
denklem i¢in sekil fonksiyonu Hilbert doniisiimiinden elde
edilmektedir [11]. Ayn1 sekilde bu sekil fonksiyonu patlatma
hareketlerinin zarfin1 exponansiyel tipte sekil fonksiyonu
olarak en iyi modelleyebilmektedir. Bu fonksiyon [6];

0, r<0,

plr)= 2 4)

nt

mte t>0,

bi¢imindedir. m ve n yer hareketinin duragan olmayan
ozelligine bagli parametrelerdir. e dogal logaritmadir, m ve n
parametreleri t, ile belirlenmektedir. t,, t.’dan ivmenin
maksimum degerine ulagmasi i¢in gegen siiredir [6].
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Yapilan deneylerden sarj merkezinden R uzakhigi ile yer
yiizeyindeki bir noktada dalganin varis zamani [6],

tq =0.91R1-030 002 /¢ ©

ile basit¢e tahmin edilebilmektedir. cs granit zeminin P dalga
hizidir.

tp tahmin edilen zaman i¢in ampirik bagmti [6],

(p =510+ 0% R/ 01308 _5 100808 (s) (g
olarak elde edilmektedir. Goriildiigi gibi, t, yalmizca R
uzakligina baglidir.

Yer dalgasinin siiresi, yapisal etkiye tesir eden ¢cok dnemli
bir parametredir. Bu ¢aligmada, sarsint1 dalgast siiresi tq,

g =t—tg4 9)

olarak tanimlanmaktadir. Sekil 2’de patlatmaya ait tipik bir
zaman zarf fonksiyonu gosterilmektedir.

0.02 0.04 0.06
Zaman t(sn)

Sekil 2. Patlatma yer hareketinin tipik bir zaman zarf fonksiyonu.

D. BlastGM Yazilimiyla Yapay Ivmelerin Uretilmesi

Fortran dilinde deprem ivmelerinin probabilistik olarak
tahmin edilmesi i¢in hazirlanan yazilim [10], patlatma etkili
yer hareketi i¢in MATLAB programlama dilinde
gelistirilmigtir. Gelistirilen yazilim en biiyiik ivime degerine
ulagana kadar dongii yapmakta ve bu ivmeye gore zamana
bagli sonuglar1 elde etmektedir. BlastGM yaziliminda bilgi
girisleri, analiz se¢enekleri ve sonuglarin gosterilmesi agilir
menii sistemi ile son derece kolay hale getirilerek istenen
amaca ulagilmasi1 saglanmistir. Sayisal sonuglar Excel
programina aktarilmakta ve ivme-zaman, hiz-zaman,
yerdegistirme-zaman, basing-zaman grafikleri de
cizdirilebilmektedir. Yazilim Tiirkce, Ingilizce dillerinde
kullanilabilmektedir. Birim sistemi olarak SI birim sistemi ve
Amerikan birim sistemi tercih edilebilmektedir. Gelistirilen
yazilima ait bilgi girisi, analiz ve sonu¢ kisimlarina ait ekran
goriintiileri Sekil 3-7’de goriildigii gibidir.

m =/2ne

) Girdi Bilgileri
Girdi Bilgileri
Patlama(TNT) | 1000 | kg
Zaman 001 | s
Zamanartisn (00001 sm
Mesafe(®) &

Patlama Merkezi

Q(TNT; =\1000 / ,;"MLWMW

Sekil 3. BlastGM yaziliminin girdi ekrani.

) Malzeme Seg

Granit

=]

Seismic Velocity

Kitle YYouriugu

Sénim Orani

misn
3048 |

2691707 | (kg-sn"2)im™4

s |

Tamam ] I Iptal ]

Sekil 4. Hava etkili yer hareketi igin zemin bilgisi girdi ekrani.

) Malzeme Seg

Co&

Ser

Sismik Hiz

Sontim Oran

‘ 3043 misn

) Analiz tiirleri

@ Analiz turd seginiz

[ Herva Etkili er Hareketi [Direkl Etkili Yer Hareketi

Sekil 6. Analiz tiiriiniin se¢ildigi ekran.
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A B C
1 Proje Adi 1000kg_5m
2 | Girdi Bilgileri
3
4 Patlama(TNT) 1000 kg
5 |Zaman 0.01 sn
6 Zaman artisgi 0.0001 sn
7 |Mesafe(R) 5 m
8 |eamax 625.5578 g
9 |Analiz Direkt Etkili Yer Hareketi
10
11 Malzeme Ozellikleri
12 S8num Orani 0.6
13 Sismik Hiz 3048 m/sn
14 | Zemin cinsi Firm
15 |Cikti Bilgileri
16
17 Maksimum lvme 6133.97 m/sn~2
18 |Maksimum Hiz 2.0584 mj/sn
19 |Maksimum Yerdegistirme 0.0012331 m

Sekil 7. Girdi ve ¢ikt1 bilgilerinin gosterildigi ekran.

1. SAYISAL UYGULAMALAR

Patlatma kaynakli yer hareketlerinin yatay pik ivme
degerleri ampirik formiillerden BlastGM yazilimi ile elde
edilmektedir. Pik ivme degeri en biiyiik deger alinarak, sekil
fonksiyonu yardimiyla rastgele islem yontemi kullanilarak
zamana bagli ivme grafikleri elde edilmektedir. 100kg
patlayici yogunlugu ile 10 m uzaklik i¢in zamana bagli ivme
degerleri yazilimla ¢izdirilmistir (Sekil 8,9,10,11). Yapilan
deneysel ¢alismalar kaya zemin i¢in oldugundan malzeme
olarak granit zemin dikkate alinmistir.

A. Hava Etkili Yer Hareketi Sonuglart

40 | , , .
« Maximum = 32.1212 :
[ |EamAX = 32.1275
o 20t f\ ‘‘‘‘ OO TP .
2
g
g .
5 ol \ |y ESRR—
v
1|
«Minimum =-14.2094
20 i i 1
0 0.01 0.02 0.03 0.04 0.05
Zaman t(sn)

Sekil 8. 100kg patlayici ile 10m uzaklikta olusan yatay ivme-zaman degisimi

1 : : : :
O.B_. ............ 4
= 06} _— : : e
£ : :
0 B
. ; J ; .
0 0.01 0.02 0.03 0.04 0.05

Zaman t(sn)

Sekil 9. 100kg patlayici ile 10m uzaklikta olusan patlatma yer hareketinin
zarf fonksiyonu

B. Direkt Etkili Yer Hareketi Sonuglart
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2001 Maximum = 191.122] '
[EAMAX = 191.1802)

NC 100 .. . . : . . -
@
E
(]
£ L —

100 [ Minimum = -83.0681] ‘ ‘

0 0.01 0.02 0.03 0.04 0.05

Zaman t(sn)

Sekil 10. 100kg patlayici ile 10m uzaklikta olusan yatay ivme-zaman
degisimi

0.02 0.03 0.04

Zaman t(sn)

0.01 0.05

Sekil 11. 100kg patlayici ile 10m uzaklikta olusan patlatma yer hareketinin
zarf fonksiyonu

IV.SONUCLAR

Yer yiizeyinde veya yer yiizeyine yakin bdlgelerde
meydana gelen patlatma enerjisi iki tiirli yer sarsintisi
olusturmaktadir. Bunlar hava etkili ve direkt etkili yer
sarsintisidir. Patlatma merkezine yakin yapilarda bu iki
sarsintinin etkisi goriilmektedir. Bu ¢alismada, her iki hareket
icin elde edilmis ampirik ivme formiillerinden yararlanarak,
yer hareketlerinin zamana bagli ivme kayitlar1 rastgele
yontemle MATLAB programlama dilinde gelistirilen yazilim
ile olusturulmaktadir. Yapilarin yakininda meydana gelen
patlatmalarin, ¢ok etkili ani yer hareketlerine neden oldugu
iretilen ivme degerlerinin incelenmesi ile goriilmektedir.
Sonuglar Excel programinda ve grafiklerde
incelenebilmektedir. BlastGM yazilimi ile yapilara etkiyecek
patlatma etkili yer hareketi kuvvetlerinin dinamik analizi
kolaylikla yapilabilmektedir.
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