ISSN :2458-7494
E-ISSN: 2458-7613

KIRKLARELi UNIVERSITESI
MUHENDISLIK ve FEN BILIMLERI DERGISI

KIRKLARELIi UNIVERSITY
JOURNAL of ENGINEERING and SCIENCE

Cilt / Volume:1 Sayi / Number:1 Aralik / December 2015

Kirklareli Universitesi Fen Bilimleri Enstitiisii Miidiirliigi
http://fbedergi.klu.edu.tr
e-mail:fbedergi@klu.edu.tr

editor@klu.edu.tr



KIRKLARELI UNIVERSITESI / KIRKLARELi UNIVERSITY
MUHENDISLIK ve FEN BiLIMLERi DERGISi / JOURNAL of ENGINEERING and SCIENCE

Sahibi / Owner
Kirklareli Universitesi Rektérliigii Adina / Owner on Behalf of Kirklareli Rectorship
Prof. Dr. Mustafa AYKAC (Rektor)

Editor / Editor
Prof. Dr. Biilent SENGORUR

Yardimci Editérler / Associate Editors
Dog. Dr. Tahir Cetin AKINCI
Yrd. Dog. Dr. Burak OZSAHIN

Yayin Kurulu / Editorial Board
Prof. Dr. Biilent SENGORUR
Prof. Dr. A. Sabih ATADAN
Dog. Dr. Tahir Cetin AKINCI

Dog. Dr. K. Burak BOZDOGAN
Dog. Dr. Meryem CAMUR

Doc. Dr. Serpil AKOZCAN
Doc. Dr. Siileyman COREKCI
Yrd. Dog. Dr. Burak OZSAHIN

Sorumlu Yazi isleri Miidiirii / Editing Manager
Kenan SEZEN

internet Adresi / Web Address
http://fbedergi.klu.edu.tr

Yazigma Adresi / Correspondence Address
Kirklareli Universitesi Kavakli Yerleskesi
Fen Bilimleri Enstitist Mudurlaga
Degirmencik Yolu Uzeri Kavakli / Kirklareli
e-mail:fbedergi@klu.edu.tr
Tel: 0(288) 246 15 16
Fax: 0 (288) 246 16 02

Baski / Publisher
Kirklareli Universitesi Matbaasi / Kirklareli University Publishing Centre

Yayin Tiirii / Publication Type
Yaygin Stireli Yayin / National Periodical
Yilda iki kez yayinlanir: Haziran, Aralik / Published two issues per year: June, December
Bu sayi1 100 adet basilmistir / This issue published as 100 copies
Basim Tarihi /Printing Date: 15.12.2015



KIRKLARELI UNIVERSITESI / KIRKLARELi UNIVERSITY
MUHENDISLIK ve FEN BiLIMLERi DERGISi / JOURNAL of ENGINEERING and SCIENCE

Danisma Kurulu / Advisory Board

A. Sabih ATADAN, Kirklareli Universitesi, Kirklareli
Abdurrahman GUNER, istanbul Universitesi, istanbul
Aleksandar GEORGIEV, Sofya Teknik Universitesi, Bulgaristan
Aliye Asli ESENPINAR, Kirklareli Universitesi, Kirklareli
Asim KURTOGLU, Kirklareli Universitesi, Kirklareli
Bahtiyar DURSUN, Kirklareli Universitesi, Kirklareli
Biilent AKBAS, Gebze Teknik Universitesi, Kocaeli

Biilent SENGORUR, Kirklareli Universitesi, Kirklareli
Duygu OZTURK, Ege Universitesi, izmir

Emrah DOGAN, Sakarya Universitesi, Sakarya

Erol TURKES, Kirklareli Universitesi, Kirklareli

Gokhan GOKMEN, Marmara Universitesi, istanbul
Goksel DEMIR, Kirklareli Universitesi, Kirklarel

Hatice SANLIDERE ALOGLU, Kirklareli Universitesi, Kirklareli
Hasan DEMIR, Namik Kemal Universitesi, Tekirdag

ismail KIYAK, Marmara Universitesi, istanbul

Kamil KAHVECI, Trakya Universitesi, Edirne

M. Hakan HOCAOGLU, Gebze Teknik Universitesi, Kocaeli
Meryem CAMUR, Kirklareli Universitesi, Kirklareli

Murat KARAHAN, Dumlupinar Universitesi, Kiitahya
Mustafa BiRINCI, inéni Universitesi, Malatya

Kanat Burak BOZDOGAN, Kirklareli Universitesi, Kirklareli
Osman KILIC, Marmara Universitesi, istanbul

Osman Nuri UCAN, istanbul Aydin Universitesi, istanbul
Ramazan CAGLAR, istanbul Teknik Universitesi, istanbul
Serpil AKOZCAN, Kirklareli Universitesi, Kirklareli
Suleyman COREKCI, Kirklareli Universitesi, Kirklareli
Tahir Cetin AKINCI, Kirklareli Universitesi, Kirklareli
Vedat ESEN, Arel Universitesi, istanbul

Veselina Nedeva, Trakia Universitesi, Bulgaristan

Yunus BICEN, Diizce Universitesi, Diizce

Yiiksel OGUZ, Afyon Kocatepe Universitesi, Afyon



KIRKLARELI UNIVERSITESI / KIRKLARELi UNIVERSITY
MUHENDISLIK ve FEN BiLIMLERi DERGISi / JOURNAL of ENGINEERING and SCIENCE

icindekiler / Contents

Bahtiyar DURSUN, Giirkan TUNA, Ayse TUNA; The Role of Hybrid Power Systems to
Create Self-Sustaining Smart Homes For The Elderly And Disabled............ccccovviviieeieennnns 1-11

Saadet Gokce GOK, Kadir KILING; Effect of Calcium Nitrate, Triethanolamine and
Triisopropanolamine on Compressive Strength of Mortars.........cccoccveveviciieicciee e 12-19

Cemile OZCAN; Diyarbakir ve Elazig’da Yol Kenari ve Kirsal Alandan Toplanan Hatmi
Bitkisinin Organoklorlu Pestisit iceriginin GC-MS ile TayiNi...ccccoeeveverereerereeerereeereeeereneenas 20-29

Orhan ARKOG, Burak GZSAHIN; Kentsel Planlamada Jeolojinin Etkisi, Kirklareli Ornegi..... 30-40

Burak OZSAHIN, Abdurrahman GUNER; EPS Yalitim Kalipli Donatili Beton Tastyici Duvar
Sistemi ile Diger Yapi Sistemlerinin Kaba Yapim Maliyetlerinin Karsilastiriimasi.................. 41-57

Omer AKGUN, Aydin AKAN, Hasan DEMIR; Noérodejenaratif Hastalarda Yiiriime
isaretlerinin Zaman-Frekans AN@lizi........c.ccooveveereeiiereiceee ettt ere e aereeneas 58-65

Siiha YILMAZ; Characterizations of Some Associated and Special Curves to Type-2
BISHOP FrameE i E3 ...ttt ettt ettt ettt nsnnae s 66-77

Yasin UNLUTURK; On Characterizations of Some Special Curves of Spacelike Curves
According to the Type-2 Bishop Frame in Minkowski 3-Space.........ccceevcveeeeivveeeeeceneeeenne 78-93

Cilt / Volume:1 Sayi / Number:1 Aralik / December 2015



Dursun et al./Kirklareli University Journal of Engineering and Science 1 (2015) 1-11

THE ROLE OF HYBRID POWER SYSTEMS TO CREATE SELF-
SUSTAINING SMART HOMES FOR THE ELDERLY AND DISABLED

Bahtiyar DURSUN?, Giirkan TUNA?, Ayse TUNA®*

! Department of Energy Systems Engineering, Kirklareli University, Kirklareli, Turkey
2 Department of Computer Programming, Trakya University, Edirne, Turkey

¥School of Foreign Languages, Trakya University, Edirne, Turkey
bahtiyar.dursun@klu.edu.tr, gurkantuna@trakya.edu.tr, aysetuna@trakya.edu.tr
Abstract:

With the increase in the number of the elderly and due to the disabled’ demand for independent
living, there is significant interest in smart home technologies which can assist the elderly and
disabled to continue living at home with independence and safety. The feasibility and effectiveness
of smart home technologies for promoting independence, health, and quality of life have been proved
in the literature. In recent years, there is increasing interest from care providers to provide caregiving
services for the elderly and disabled in their home environments instead of caring them in assisted-
living centres due to a number of reasons including costs. Since caregiving services are provided at
specific times, a few times a day or week, smart home technologies can help care providers deploy
services which trigger alerts when urgent situations occur. However, due to the cost of caregiving
services, maintenance costs of smart home systems, and increasing electric energy consumption,
generating electricity from renewable energy sources can play an important role for this objective. In
this study, we present an environmentally friendly hybrid power system which automatically chooses
its energy source(s) without any user input and give the results of simulation study performed using
Homer software. The simulation study proves that the proposed hybrid power system can easily

generate electricity required by a smart home.

Keywords: Smart homes, renewable energy sources, self-sustainability, the disabled, the elderly.

*Corresponding author. Tel: +90-284-2251395; fax: +90-284-2126067;
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Hibrid Gii¢ Uretim Sistemlerinin Yash ve Engelli Bireyler i¢cin Kendi
Kendine Yetebilen Akilli Evler Gerceklestirmede Onemi

Ozet:

Yash sayisindaki artis ve engellilerin bagimsiz yasam talepleri nedeniyle, yaslilara ve
engellilere evde bagimsiz ve giivenli bir sekilde yasamlarin1 devam etmeleri i¢in yardime1
olabilen akilli ev teknolojilerine biiyiik bir ilgi vardir. Literatiirde akilli ev teknolojilerinin
bagimsizlik, saglik ve yasam kalitesini arttirmadaki yapilabilirligi ve etkililigi ispatlanmistir.
Son yillarda, bakim saglayicilar tarafindan maliyetleri de icinde bulunduran bir¢ok nedenden
dolay1 yashilarin ve engellilerin yasam merkezlerinde bakimlarinin saglanmasi yerine kendi
ev ortamlarinda bakim hizmetlerinin saglanmasina yonelik artan bir ilgi vardir. Bakict
hizmetleri belirli zamanlarda saglanmis olmasi1 nedeniyle, gilinde ya da haftada birkag kez,
akilli ev teknolojileri bakim saglayicilara acil durumlar meydana geldiginde alarmlar
harekete gegiren hizmetlerin dagitilmasiyla yardimci olabilir. Ancak, bakim hizmetlerinin
maliyeti, akilli ev teknolojilerinin bakim maliyetleri ve artan elektrik enerjisi tiiketiminden
dolayi, yenilenebilir enerji kaynaklarindan iiretilen enerji bu amacin gergeklestirilebilmesi
icin 6nemli bir rol oynamaktadir. Bu calismada, herhangi bir kullanici girisi olmadan
otomatik olarak enerji kaynagini se¢en ¢evre dostu hibrid gii¢ sistemini ve Homer yazilimini
kullanarak gerceklestirilen benzetim ¢alismasinin sonuglarin1  sunuyoruz. Benzetim
caligmasi, Onerilen hibrid giic sisteminin akilli ev ig¢in gerekli elektrigi kolaylikla

iiretebildigini kanitlamaktadir.

Anahtar Kelimeler: Akilli evler, yenilenebilir enerji kaynaklari, kendi kendine yetebilirlik,

engelliler, yaslilar.
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1 INTRODUCTION

With the rapid population ageing occurring worldwide, there is significant interest in smart
technologies which can assist the elderly to continue living at their homes with safety and
independence. Most elderly people are not strong enough and therefore prone to accidents.
Similarly, disabled individuals are handicapped and therefore cannot perform some
movements. Although living in an assisted-living facility may seem attractive, it costs a
great deal amount per year and some families cannot afford this. In addition, most of the
elderly and disabled individuals prefer living in their homes instead of living in assisted-

living facilities.

In recent years, with the advances in information and communications technologies, reliable
remote monitoring of the elderly and disabled has become practically and easily available.
Therefore, it is now possible to remotely monitor a disabled or old individual and in case of
an alert immediate help can be provided by the healthcare provider. In this regard, with their
novel features and technological solutions, smart homes can greatly help the elderly and
disabled without interrupting their daily lives and making them feel uncomfortable. Smart
homes not only provide services for the specific needs of the elderly and disabled but also

can help healthcare providers or caregiving providers to improve the quality of their services.

Smart home systems can be easily installed using a set of electronic components with
different functions, which are mostly invisible or barely visible [1, 2] to increase the
acceptance level. Smart homes generally require noncomplex and inexpensive maintenance.
Smart home systems rely on intelligent monitoring software to monitor and control
household appliances, collect data from a group of sensors and detectors, recognize the
monitored individual’s activity pattern, and finally interpret all the essential activities. They
typically provide security features, automated timers, warnings and alerts, emergency
assistance systems, and fall prevention features [1]. To sum up, with their unique features
and advantages, smart homes offer safety, security and independence to the elderly and

disabled, and enable the family members and relatives to monitor them remotely.

Self-sustainability is the ability of a system to sustain itself independently without external
support. Since one of the most important needs of smart homes is electricity and smart
homes designed according to the specific needs of the elderly and disabled include more
electronic components, the use of renewable energy sources for electricity generation can

The Role Of Hybrid Power Systems To Create Self-Sustaining Smart Homes For The Elderly And Disabled 3
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greatly help the householders. Accordingly, in this paper, we review the use of hybrid power
systems to provide sustainable smart houses for the elderly and disabled and present its
benefits. The rest of the paper is organized as follows. Smart homes and their components
are reviewed in Section 2. Section 3 explains the proposed hybrid power system and presents
a simulation study carried out to prove the efficiency of the proposed system. Finally, the
paper is concluded in Section 4.

2 SMART HOMES FOR THE ELDERLY AND DISABLED

A smart home basically consists of a display acting as the control panel, a group of
wireless/wired sensors, a group of audio-visual systems, entrance security system, a remote
management tool, and an intelligent self-learning software-based system supported by
machine learning algorithms and analytics [1-5]. Some smart home systems also include the
ability of monitoring fire and water leakage. Smart homes designed for the elderly and
disabled also include distributed motion detectors to monitor movements inside the home,
track the status of stovetops and water faucets, and recognize the use of household
appliances.

The main aim of smart home systems is to collect information on monitored individuals’
daily activity levels in order to learn personal patterns. This way, it is possible to generate
alerts and enable taking immediate actions when monitored patterns deviate from the norm
patterns [5-10]. In sum, with its state-of-the-art sensor technologies, advanced software tools
and self-learning intelligent care solutions, smart homes can take some of the worry off by
providing remote monitoring ability to family members of the elderly and disabled.

Since it is aimed to deploy smart home systems rapidly without much disturbance,
alterations and damage in home environments, wireless communications technologies can
enable sensors to communicate with the smart home systems. Although there are many
competitive wireless communications technologies, with its superior features, ZigBee has
become de facto standard for smart home systems [11]. Typical major requirements of smart
home systems are as follows [2]:

= Smart home systems must be flexible, scalable and open to improvements.

= Sensors to be deployed must be small-sized so that they can be completely invisible.
= Sensors must be highly precise and accurate.

= A set of analyses must be conducted to foresee abnormal situations.

The Role Of Hybrid Power Systems To Create Self-Sustaining Smart Homes For The Elderly And Disabled 4
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3 PROPOSED HYBRID POWER SYSTEM

Considering the fact that smart homes designed for the elderly and disabled involve more
electronic components and it is desirable to reduce electricity costs, the proposed hybrid
power system can be of great help. On the other hand, the operations of smart home
electrical appliances preferred in smart home homes are generally scheduled for specific
time zones. Therefore, electricity generation systems proposed for smart homes must be able
to provide the required electricity demand which can be at peak levels sometimes. However,
renewable energy sources are not continuously available. Hence, energy storage solutions

are required in case of the use of renewable energy sources.

In this paper, we propose a hybrid power system as shown in Figure 1. The proposed hybrid
power system consists of a solar panel, a wind turbine, a converter, and a battery to store the
excess electricity harvested by the system. The battery stores energy harvested by the solar
panel and the wind turbine and is responsible for providing power when the renewable
sources are not available. The proposed hybrid power system is supposed to be used in a
home in Gebze, Turkey. Accordingly, Figure 2 shows average daily radiation and Figure 3
shows average daily wind speed used in the simulation study. Load demand of the simulated

house is shown in Figure 4.

Home in Gebze
B kywwhed
1.1 kX peak

Carverter

AL DC
Figure 1: Components of the hybrid power system.

Since solar energy is one of the most abundant renewable energy sources in Turkey,
photovoltaic (PV) modules are used in the proposed hybrid power system as one of the
power generators. Each PV module in the system is rated at 100 W with a 12 VV nominal

voltage. However, the PV array can efficiently generate electricity from 6 am to 6 pm. For
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economic analysis, the specifications of the PV modules are [12]:

= Each kW of the PV modules costs around $7200.

= |nitial and replacement costs of the PV modules are the same.

= QOperating and maintenance costs are assumed to be zero.
Since wind energy is also one of the most abundant renewable energy sources, a wind
turbine is used in the proposed hybrid power system as one of the power generators. The
wind turbine used in the system is BWC XL.1 with output power capacity 7.5 kW and
estimated lifetime of 20 years [13]. While the initial cost is $19,000, its replacement cost is
$15,000. Additionally, operating and maintaining the wind turbine costs $200 each year. The
storage battery used in the hybrid system is T-105 Deep-Cycle Flooded [14]. Its nominal
capacity is 185 Ah with nominal voltage of 6 V. The amount of energy stored in one battery
is 1.5 kWh. The battery’s initial cost, replacement cost, and operating and maintenance cost
is $1100, $1000 and $10 each year, respectively [14]. For converting the generated power to
AC, an inverter with rated power 2 kW and an efficiency of 90% is used since the maximum
peak load of 1.1 kW per hour must be provided for the house. Like the initial cost, the
inverter’s replacement cost is $900 per KW. There is no estimated operating and maintenance

cost except for unexpected situations.

Global Hc-ri_zc-ntal Radiation
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Figure 2: Average daily solar radiation in Gebze [15].

The Role Of Hybrid Power Systems To Create Self-Sustaining Smart Homes For The Elderly And Disabled 6



Dursun et al./Kirklareli University Journal of Engineering and Science 1 (2015) 1-11

= N W
o o o
o o O
o o O

Average wind speed m/s

[

N
v‘?o

,
< NN

Z
Al T

5

¢,
e i

4

%,

Figure 3: Average monthly wind speed values in Gebze [16].

HOMER [17] basically performs three different tasks, namely simulation, optimization, and
sensitivity analysis. For renewable energy sources, HOMER can model the performance of a
particular hybrid power system configuration to determine its technical feasibility and life-
cycle cost. For optimization goals, it can simulate many different power system
configurations to find the best one which satisfies the given technical constraints at the
lowest life-cycle cost. Finally, in the sensitivity analysis, it can perform multiple
optimizations under a range of input assumptions to gauge the effects of uncertainty in the
model inputs in order to reveal how sensitive the outputs are to changes in the inputs. In
addition to dealing with uncertainty, the sensitivity analysis can be used to evaluate critical
trade-offs such as “How much additional capital investment is required to achieve 100%

renewable energy production?” [18, 19].
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Figure 4: Load demand of the house in Gebze [20].
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In the HOMER software, the number of 1kW PV modules varies in the range of 0-3 to determine
the most feasible configuration of the hybrid power system. For economic analysis, the number
of wind turbines varies in the range of 0-3 kW to determine the most feasible configuration of the
hybrid power system. The number of required batteries varies between 10-60 batteries with an
increment of 10 batteries. Finally, the number of required converters varies between 0-2 kW. All
different configurations of the hybrid power systems proposed for the house whose load demand
is shown in Figure 4 are demonstrated in Table 1. As shown in the result of the sensitivity
analysis given in Figure 5, the hybrid power system consisting of a PV module, a wind turbine
and a battery is the optimal solution since it can efficiently provide the required power under
different weather and environmental conditions.

50 Optimal System Type System Types

PV/Battery
- Wind/Battery
[ winarPviBsttery

Wind Speed {(m's)
ol
=

Lot
en

40 45 50 55 60 65
Global Solar (KWhim?#/d)

Figure 5: Sensitivity analysis of the hybrid systems: Relationships between wind speed and
global solar radiation.
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Table 1: Different configurations for the hybrid power system.

Solar Wind | PV | WT | Batt. | Conv. | Disp Initial | Operating | Total COE Ren
(KWh/m?/d) | (m/s) | (kW) Strgy | Capital Cost NPC ($/kWh) | Frac.
($1yr)
3.650 3.000 2 3 20 1 CC | $23,820 767 $33,630 | 1.207 1.00
3.650 2.500 3 3 20 1 CC | $29,820 821 $40,316 | 1.447 1.00
3.650 4.000 1 3 20 1 CC | $17,820 714 $26,945 | 0.964 1.00
3.650 5.000 - 3 20 1 CC | $11,820 660 $20,260 | 0.726 1.00
4.650 3.000 1 3 40 2 CC | $21,170 945 $33,256 | 1.197 1.00
4.650 2.500 2 3 20 1 CC | $23,820 767 $33,630 | 1.207 1.00
4.650 4.000 1 3 20 1 CC | $17,820 714 $26,945 | 0.963 1.00
4.650 5.000 - 3 20 1 CC | $11,820 660 $20,260 | 0.726 1.00
5.650 3.000 2 - 30 1 CC | $20,520 675 $29,143 | 1.048 1.00
5.650 2.500 2 - 30 1 CC | $20,520 675 $29,143 | 1.048 1.00
5.650 4.000 1 3 10 1 CC | $16,620 663 $25,101 | 0.902 1.00
5.650 5.000 - 3 20 1 CC | $11,820 660 $20,260 | 0.726 1.00
6.650 3.000 2 - 20 1 CC | $19,320 589 $26,847 | 0.965 1.00
6.650 2.500 2 - 20 1 CC | $19,320 589 $26,847 | 0.965 1.00
6.650 4.000 1 3 10 1 CC | $16,620 662 $25,083 | 0.900 1.00
6.650 5.000 - 3 20 1 CC | $11,820 660 $20,260 | 0.726 1.00

4 CONCLUSION

In the last decade, the number of elderly population and the demand of the disabled for
independent living have increased significantly. Therefore, new models of caregiving services
which employ sensor and network technologies have been developed including supported self-
care and home-based services. Equipped with a set of technological solutions, a smart home
provides services which enhance human way of living in terms of many aspects, most
importantly entertainment, safety, and security. For the elderly and disabled, a smart home means
maintaining living independently in the homes and still in control of the healthcare providers.

Since it is known that expenditures increases severely on long-term care, smart home services are
valuable tools for healthcare providers and offer many benefits to the families. To compensate the
increase in the expenditures, one of the ways is to reduce the electricity, gas and/or water
consumption. In this respect, the use of renewable energy sources, such as solar and wind, for
electrical energy generation can greatly reduce the consumer’s dependency to the utilities and
reduce/eliminate electricity consumption costs. For this aim, this paper presents a hybrid power
system consisting of PV energy harvesting, wind energy harvesting, and battery systems. As it is
shown with the results of the simulation study, the proposed hybrid power system is sufficient to
generate electricity required by a smart home.
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EFFECT OF CALCIUM NITRATE, TRIETHANOLAMINE AND
TRIISOPROPANOLAMINE ON COMPRESSIVE STRENGTH OF
MORTARS

Saadet Gokce GOK"", Kadir KILING?
“2Kirklareli University, Faculty of Engineering, Department of Civil Engineering, Kirklareli, Turkey

Abstract:

Chemical admixtures are used in concrete for various purposes such as water reducing,
plasticizing, air entraining, bonding, viscosity modifying, colouring, corrosion inhibiting,
permeability reducing, accelerating or retarding the initial setting time, and shrinkage reduc-
ing. The use of chemical admixtures in concrete helps to improve workability of fresh con-
crete and durability properties of hardened concrete as well as reducing the total cost of con-
crete production. In this study, three different types of chemical raw materials (calcium nitrate,
triethanolamine-TEA and triisopropanolamine-TIPA) were used in the production of chemical
admixtures, which were used in mortars with two different cement compositions. 7-day and
28-day compressive strengths of mortars were determined and it was found that TIPA has the
greatest effect on increasing the compressive strength within these three chemicals.

Keywords: Accelerating admixture, antifreeze, chemical admixture

Ozet:

Betonda kimyasal katkilar; su azaltma, plastiklestirme, hava siiriikleme, baglama, viskozite
dizenleme, renklendirme, korozyon 6nleme, gecirimlilik azaltma, priz hizlandirma ya da ge-
ciktirme, rotre azaltma gibi ¢esitli amaglarla kullanilir. Betonda kimyasal katki kullanimi taze
betonda islenebilirligi arttirmaya, sertlesmis betonda dayaniklilik 6zelliklerini iyilestirmeye ve
beton iiretiminde toplam maliyeti azaltmaya yardimci olur. Bu ¢alismada {i¢ ¢esit kimyasal
katk1 hammaddesi (kalsiyum nitrat, TEA ve TIPA) kullanilmis ve elde edilen katkilar ile iki
farkl bilesimdeki ¢imento kullanilarak harg tiretilmistir. Harglarin 7 ve 28 giinliik basing da-
yanimlar1 belirlenmis ve bu ii¢ kimyasal arasinda TIPA nin basing dayanimi arttirma {izerin-
deki etkisinin en fazla oldugu gorilmiistiir.

Anahtar Kelimeler: Priz hizlandirici, antifriz, kimyasal katk1

* Corresponding author. S. G. Gok, e-mail: saadet.gokce.gok@klu.edu.tr
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1. INTRODUCTION

Due to hydration is an exothermic chemical reaction, temperature affects the rate of strength
gaining of concrete. In cold weather, hydration gets slower, setting time increases and con-
crete strength gaining rate decreases. The ambient temperature has an important influence on
concrete at early ages. To eliminate negative effects of low ambient temperatures, the ade-
quate precautions must be taken and freezing of fresh concrete should be prevented. Using an
accelerating admixture, which accelerates setting and/or hardening of concrete by accelerating
the hydration of cement, is an alternative solution in cold weather concreting.

Cold weather is described in ACI 306 as “a period when for more than three successive
days the average daily air temperature drops below 40 degrees Fahrenheit (4.4°C) and stays
below 50 degrees Fahrenheit (10°C) for more than one-half of any 24 hour period”. In this pe-
riod, concrete should be prevented from freezing until it gains a minimum compressive
strength of 3.5 MPa [1].

In order to prevent freezing of concrete, accelerating and anti-freezing admixtures, which
are added before or during mixing of concrete and decrease the freezing point of the composi-
tion, are used. Accelerating admixtures may have compounds of soluble inorganic salts (alkali
and alkali earth salts of hydroxide, chloride, bromide, fluoride, nitrite, nitrate, carbonate, thio-
cyanate, sulphate, thiosulphate, perchlorate, silicate, aluminate) or organic salts (carboxylic
and hydroxycarboxylic acids and their salts, and alkanolamines) [2].

Silicate minerals, cementitious materials, finely ground magnesium and calcium carbonates
are used in accelerators as insoluble solid compounds in a limited range [3].

Calcium nitrate is a soluble inorganic chemical raw material used in accelerating admix-
tures with antifreeze characteristics. Although calcium chloride is a better accelerator, it has
significant corrosion hazards in reinforced concrete structures and nitrates are used as an al-
ternative of chloride-based accelerators. In recent studies, it has been found that calcium ni-
trate has an important effect on early age compressive strength; by accelerating setting and
hardening of concrete, desired setting time, compressive strength and other properties can be
achieved in cold weather and negative effects of internal freezing can be eliminated [4].

Triethanolamine (TEA, N(CH,CH,0H)3) is a soluble organic compound with compensat-

ing properties for the retarding effect of some plasticizers and is the most commonly known of
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alkanolamines, which are used in accelerator blends or infrequently alone [2].

TEA can accelerate or retard the reaction of cement depending upon its dosage; it acceler-
ates C3A hydration kinetics while retarding the hydration of C3S [5]. Hewlett found out at
dosages higher than 0.5 % by weight of cement, TEA leads to retardation of C3S hydration;
tough at low dosages (0.1-0.5 %) it accelerates the hydration of C3A [5]. TEA causes a de-
crease on compressive strength of concrete with ordinary Portland cement, but it behaves dif-
ferently with blast furnace cements, as the rate of reaction of gypsum with slag, correspond-
ingly hydration kinetics is accelerated in the presence of lime [6]. It has been concluded that
TEA has no significant effect on early age compressive strength of mortars made with plain
Portland cement, but it provides an increment on early strength of mortars made with fly
ash/cement [7].

Chemical admixtures containing triisopropanolamine (TIPA) are used as setting and hard-
ening accelerators. The strength development acquired with use of TIPA changes with the
quantity of ferrite (C4AF) phase of clinker minerals [8]. The hardening accelerating perfor-
mance of TIPA is greater than TEA [9]. Sandberg and Doncaster found out TIPA provides a
strength improvement in both hydrated Portland cement paste and mortar, and the strength en-
hancement is not dependent on an interfacial transition zone mechanism [10].

In this research, examining and comparing the compatibility, effectiveness and contribution
to strength development of calcium nitrate, TEA and TIPA have been aimed and experiments

have been carried out with two different cement compositions.

2. EXPERIMENTAL STUDY

In this experimental study, two different company Portland cement (CEM 1 42.5 R) was used.
The effects of calcium nitrate, TEA, and TIPA on compressive strength at the ages of 7 and 28
days were examined according to procedures described in TS EN 12390 [11]. Effects of com-
bined use of calcium nitrate with TEA and TIPA were also discussed. Mortar mix design for
TRACIM company cement and LIMAK company cement were shown in Table 1 and Table 2,
respectively. Calcium nitrate was used at dosage 1 % by weight of cement, TEA 0.05 % and
TIPA 0.05 %.
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Table 1. Mortar mix design for TRACIM Company Cement.

Mixtures Cement | Water Natural Crushed Calcium Ni- | TEA | TIPA
(9) (9) Sand (g) Sand (g) trate (9) (9) (9)
TR* 450 225 675 675 0.000 0.000 | 0.000
TCN 450 225 675 675 4,500 0.000 | 0.000
TTEA 450 225 675 675 0.000 0.225 | 0.000
TTIPA 450 225 675 675 0.000 0.000 | 0.225
TCN+TEA 450 225 675 675 4,500 0.225 | 0.000
TCN+TIPA 450 225 675 675 4,500 0.000 | 0.225

*R: Reference mixture.

Table 2. Mortar mix design for LIMAK Company Cement.

Mixtures Cement | Water Natural Crushed Calcium Ni- | TEA | TIPA
(9) (@) Sand (g) Sand (g) trate (9) (@) (9)
LR* 450 250 675 675 0.000 0.000 | 0.000
LCN 450 250 675 675 4.500 0.000 | 0.000
LTEA 450 250 675 675 0.000 0.225 | 0.000
LTIPA 450 250 675 675 0.000 0.000 | 0.225
LCN+TEA 450 250 675 675 4.500 0.225 | 0.000
LCN+TIPA 450 250 675 675 4.500 0.000 | 0.225

*R: Reference mixture.

3. RESULTS AND DISCUSSION

The effect of accelerators on compressive strength of mortars prepared with TRACIM compa-
ny cement at the ages of 7 and 28 days was shown in Table 3 and graphically shown in Figure
1.

Table 3. 7 and 28-day compressive strengths of mortars produced with TRACIM company

cement.
Compressive strengths at the ages of 7 and 28 days (MPa)

Mixtures 7 days 28 days
TR* 28.21 41.78
TCN 32.06 46.10
TTIPA 32.60 46.79
TCN+TIPA 32.64 48.30
TTEA 26.36 38.70
TCN+TEA 34.46 37.85

*R: Reference mixture.
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Figure 1. Effect of accelerators on compressive strength of mortars prepared with TRACIM
company cement at the ages of 7 and 28 days.

Relative compressive strength of mortars with TRACIM company cement at the ages of 7
and 28 days were shown in Figure 2 and Figure 3, respectively. It has been observed that cal-
cium nitrate provided 14 % increment of compressive strength at the age of 7-days, while TlI-
PA provided 16 %. Using TIPA alone or with calcium nitrate gave the same result from the
point of 7-day compressive strength. TEA caused 7 % decrement on compressive strength,
however, if it was used with calcium nitrate 22 % increment on 7-day compressive strength
has been observed. At later ages, TEA caused a decrement on compressive strength of mortars
prepared with ordinary Portland cement. It has been found that TIPA has a significant effect

on early-age compressive strength of mortars.
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Figure 2. Relative compressive strength of mortars with TRACIM company cement at the age

of 7-days.
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Figure 3. Relative compressive strength of mortars with TRACIM company cement at the age
of 28-days.

The effect of accelerating chemicals on compressive strength of mortars prepared with
LIMAK company cement at the ages of 7 and 28 days was given in Table 4 and graphically

shown in the Figure 4.

Table 4. 7 and 28-day compressive strengths of mortars produced with LIMAK company cement.

Compressive strengths at the ages of 7 and 28 days (MPa)
Mixtures 7 days 28 days

LR* 27.44 30.31
LCN 28.11 34.94
LTIPA 31.57 40.47
LCN+TIPA 29.91 33.09
LTEA 28.37 30.27
LCN+TEA 30.11 31.33

*R: Reference mixture.
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Figure 4. Effect of accelerators on compressive strength of mortars prepared with LIMAK
company cement at the ages of 7 and 28 days.
Relative compressive strength of mortars with LIMAK company cement at the ages of 7
and 28 days were presented in Figure 5 and Figure 6, respectively. It has been observed that
cement composition made the difference. In this case, TEA affected strength gaining positive-
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ly at both early and later ages. Moreover, TIPA provided the highest increment on compres-
sive strength.
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Figure 5. Relative compressive strength of mortars with LIMAK company cement at the age

of 7-days.
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Figure 6. Relative compressive strength of mortars with LIMAK company cement at the age
of 28-days.

4. CONCLUSION

As a consequence, it has been found that TEA’s effect is dominant at later ages from the point
of compressive strength of mortar made with ordinary Portland cement. In this experimental

study, it has been observed that TIPA is effective on compressive strength at both earlier and
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later ages. Besides, it has been resulted that TIPA has the greatest effect on increasing the
compressive strength within these three chemicals. This is a beneficial outcome for companies

producing accelerating admixtures.

5. SYMBOLS

CN: Calcium nitrate
TEA: Triethanolamine

TIPA: Triisopropanolamine
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DiYARBAKIR VE ELAZIG’DA YOL KENARI VE KIRSAL ALANDAN
TOPLANAN HATMI BIiTKiSININ ORGANOKLORLU PESTISIT
ICERIGININ GC-MS iLE TAYINi

Cemile OZCAN*
“Kirklareli Universitesi, Fen-Edebiyat Fakiiltesi, Kimya Boliimii, Kirklareli, Tiirkiye.
Ozet: Bu calismada, Diyarbakir ve Elazig’da yol kenar1 ve kirsal alandan toplanan beyaz
cicekli hatmi bitkisindeki olmasi muhtemel toksik ve biyoakiimiilasyon 6zelligi olan
organoklorlu pestisit icerigi GC-MS (gaz kromatografisi-kiitle spektroskopisi) cihazi
kullanilarak tayin edilmistir. Toplanan bitki 6rnekleri QUEChERS metodu kullanilarak analize
hazir hale getirilmistir. GC-MS’de 70 eV iyonlagma enerjisi kullanilarak, akis hiz1 1 ml/dk,
enjeksiyon hacmi 1 pl olarak belirlenmistir. Organoklorlu pestisitler icin LOD, LOQ ve
%RSD degeri sirastyla; 0.02 ile 18.9 pg/L, 0.06 ile 63 pg/L, 2.4 ile 8.9 arasinda bulunmustur.
Sonugta, Diyarbakir ilinden toplanan yol kenarindaki hatmi bitkisi Orneklerinin pestisit
konsantrasyonu genel olarak Elazig ilinden toplanan Orneklerden daha yiiksek
konsantrasyonda bulunmustur. Her iki ilde kirsal alandan toplanan bitki 6rneklerindeki alpha-

Endosulfan konsantrasyonu tayin sinirinin altinda tespit edilmistir.
Anahtar Kelimeler: Hatmi, GC-MS, organoklorlu pestisitler, biyoakiimilasyon.

Abstract: In this study, in the white flowering alcea sp. collected in roadside and rural areas
in Diyarbakir and Elazig were determined to content of Organochlorine pesticides having
possible toxic and bioaccumulation feature by GC-MS (gas chromatography-mass
spectroscopy). Collected plant samples were get ready for analysis using QUEChERS method.
Iyonization energy, flow rate and injection volume were determined 70 eV, 1 ml/min and 1
ml, respectively. The LOD, LOQ and RSD% value of organochlorine pesticides were found
among 0.02 to 18.9 ug/L, 0.06 to 63 pg/L and 2.4 to 8.9. As a result, the concentration of
pesticides of alcea sp. in Diyarbakir were found higher concentration from collected alcea sp.
in Elazig. Both provinces alpha-endosulfan concentration in plant samples collected from the

rural areas were detected below detection limit.

Keywords: Alcea sp., GC-MS, organochlorine pesticides, bioaccumulation .
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GIRIS

Bitkiler veya bitkisel kaynakli besinler tatlar, kokular, bocek ilaclari, ilag ve
antimikrobik olarak kullanilabilen yararlt ikincil metabolitlerin zengin kaynaklaridir.
Bitkilerin sifal1 bitkiler olarak kullanimi1 MO 3000 yillarina kadar uzanir. Sifali bitki olarak
kullanilan beyaz hatmi bitkisi ebem giimeci familyasindan olup, halk arasinda yaygin olarak
kullanilmaktadir. Temmuz-agustos aylarinda, pembemsi-beyaz renkli gigekler agan, 50-150
cm yiiksekliginde, ¢ok senelik, otsu ve tibbi bir bitkidir. Sulak ¢ayirlar ve dere kenarlarinda
bulunur. Govdeleri dik ve tiiylidiir. Yapraklar1 sapli ve ¢ok tiiyliidiir. Cigekler, dallarin
ucundaki yapraklarin koltugunda tek tek veya gruplar halinde bulunur.

Hatmi bitkisinde yararli organik bilesikler olmasina ragmen bu ¢alismada atmosferde
tasindig1 bilinen [1-3] muhtemel organoklorlu pestisitlerin analizi yapilacaktir. Organoklorlu
pestisitler toksik 6zellikte olup kanser gibi ciddi rahatsizliklara sebebiyet veren bilesikler
grubudur [4]. Cevrede uzun sire aktif kalan, biyolojik birikme 6zelligi ile ekolojik ¢evre i¢in
bliyiik tehlike olusturacak bilesiklerdir. Organoklorlu pestisitler, g¢evrede uzun siire
bozulmadan kalan, lipitte ¢dziinebilen, biyotransformasyonlari ve biyolojik par¢alanmalar
cok yavas bilesenlerdir. Bu nedenle, ¢esitli canlilar1 da biyomagnifikasyona ugrayarak, besin
zinciri ile insana kadar ulastiklar1 yapilan caligmalarla belirlenmistir [5]. Sekil 1’de

pestisitlerin dogadaki dongiisii verilmistir.

s TOPRAK,
EEST'S'T% SU, HAVA

Sekil 1. Pestisitlerin dogadaki dongiisti.
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196011 yillara kadar pestisitlerin neden oldugu kirliligin lokal bir problem oldugu
diisiiniilmekte ve dogada uzun siire kalabilen insektisitlerin tasginiminin ¢ok az olduguna
inanilmaktaydi. DDT ve diger organoklorlu bilesiklerin arktik ve antartik balik ve
memelilerin viicudunda bulunmas1 bu gériisii degistirmistir. Insektisitlerin yagislarla ve
rlizgarla hi¢ ilaglanmayan alanlara tasindigi ortaya ¢ikarilmistir. Glintimiizde ozellikle
atmosferin, insektisitlerin taginmasinda canli rol oynadigi, ilaglanan bolgelerden ¢ok uzaklara
tasinmasina ve oralarda birikmelere neden oldugu bilinmektedir. Atmosferde bulunan
insektisitlerin basinda en ¢ok organoklorlu bilesiklerden DDT, a-HCH, y-HCH (lindan),
heptaklor, dieldrin gelmektedir [6-8].

Bitki orneklerindeki diisiik konsantrasyonlu pestisitlerin tayini ve miktar analizi igin
yiiksek duyarlilikli analitik teknikleri i¢inde barindiran GC-MS, HPLC-MS, HPLC, GC gibi
cihazler kullanilmaktadir [6-9]. bitkilerdeki pestisitler i¢in mikrodalga, sokslet, siiperkritik
stv1 ekstraksiyon, vs. en yaygin kullanilan tekniklerin basinda gelmektedir. Ayrica bunlarin
yaninda kisa zamanda Orneklerin hazirlanmasi icin yararli metodlar gelistirilmektedir.
QUEChERS ("Hizli1 (Quick), Kolay (Easy), Ucuz (Cheap), Etkili (Effective), Uygulamasi
basit (Rugged) ve Guvenilir (Safe)") metodu amaca goére kolayca modifiye edilebilen, hizli
pestisit analizinde kullanilan bir yontemdir ve daha sonra kati-faz ekstraksiyonuyla (SPE)
temizleme ve GC-MS ya da LC-MS/MS ile pestisitlerin tayinine dayanan bir metottur [13-
15]. Bu metotla analizi yapilacak bilesenden 1 saat gibi kisa bir siirede veri

saglanabilmektedir.

Bu ¢alismada, Diyarbakir ve Elazig’da yol kenar1 ve kirsal alandan toplanan beyaz
cicekli hatmi bitkisinin organoklorlu pestisit igeriginin GC-MS cihaz1 kullanilarak tayini
amaglanmaktadir. Yol kenar1 ve kirsal alanda toplanan hatmi bitkisinde organoklorlu pestisit
kalintist olup olmadigi ve onlarin arasindaki muhtemel farklarin belirlenmesi

amaglanmaktadir.
MATERYAL VE METOD

Klorlu pestisitlerin kantitatif analizi GC-MS cihazi ile yapilmistir. Bunun igin HP—5
MS U kapiler kolon (30 m X 250 pum X 0.25 um) ve 5975C (Agilent) inert MSD mass
dedektore sahip 7890A (Agilent) model GC-MS cihazi kullanilmistir. Ornek hazirlama

asamasinda TAB 40-WEL marka azot altinda ugurma sistemi kullanilmastir.
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Standart olarak kalinti analizleri i¢in referans materyal olan Dr. Ehrenstorfer
organochlorine pesticide Mix 2 (HCH (hexachlorocyclohexane) (a, B, vy, 6), Heptachlor,
Heptachlor-endo-epoxide, Aldrin (HHDN), Alpha-Endosulfan, 4,4'-DDE, 4,4-DDD, 4,4'-
DDT, Dieldrin, Endrin, beta-Endosulfan, Endrin-aldheyde, Endosulfan-sulfate, Endrin-
ketone, Methoxychlor) karigimi kullanilmigtir. Toluen:hekzan (1:1) karisiminda 1 ml ¢ozelti
2000 ng/ul olarak alinmigtir. Ana stoktan seyreltmeler yapilarak 5, 10, 25, 50, 100, 500 ve
1000 pg/L’lik standart ¢ozeltiler hekzan i¢inde hazirlanmistir. GC-MS igin optimizasyon
calismalarinda 100 pg/L’ lik organo klorlu pestisit standardi kullanilmustur.

Bitki Orneginin Ekstraksiyonu: Beyaz hatmi o6rnekleri homojenize haline
getirildikten sonra 2 gramlik 6rnekler 50 ml’lik santrifiij tiipiine alimip Uzerine 10 ml
diklormetan eklenmistir. 1 dakika vortekslendikten sonra 5 °C ve 5 dakika 7000 rpm’de
santrifiijlenmistir. Organik faz ayrilarak AOAC 2007.01 Ekstraksiyon Kiti eklenmis ve ayni
sartlarda vortekslenmistir. Stzintl QUECHhERS-dSPE temizleme kolonundan gecirilerek
vakum pompasi1 yardimiyla santrifiij tlipiine alinmistir. Alinan karisim azot altinda ugurma
sistemi kullanilarak kuruluga kadar buharlastirilmistir. Kuruluga kadar buharlastirilan 6rnek 1
ml hekzan ile ¢Ozulerek 0.45 pl’lik filtreden gecirilmis ve viallere alinarak GC-MS’te analiz

edilmistir. Ayn1 6rnek cihaza 5 kez enjekte edilerek hesaplamalar yapilmistir.

SONUCLAR

Organoklorlu pestisitlerin yaygin kullanimi, insanlar icin biyolojik birikime ve
toksisiteye sebep olmasindan dolay1 global bir sorun olmaktadir. Bu nedenle gida gilivenligi
ve diinyanin gilivenligi i¢in bu toksik maddelerin analizi ve tayini, Kirlilik kaynaklarinin tespiti

biiylik 6nem tagimaktadir.

GC-MS’de 70 eV iyonizasyon enerjiye sahip elektron iyonizasyon sistemi ve tasiyici
gaz olarak He kullanilmistir. Akis hiz1 1 ml/dk, enjeksiyon hacmi 1 pl olarak belirlenmistir.
Kolon firin sicakligr 110 °C’de 5 dk ve dakikada 5 °C yiikseltilerek 320 °C’de 8 dk bekletme
olarak uygulanmistir. Ugucu bilesenlerin tespiti i¢in toplam analiz siiresi 22 dakika olarak
ayarlanmigtir. Klorlu pestisitlerin  karakterizasyonu i¢in (SCAN taramada) NIST

kiitiiphanesinden faydalanilmistir.

18 adet klorlu pestisit standardini igeren mix karigim ile GC/MS’de SCAN tarama
yaptlmistir. Daha sonra hazirlanmis olan standart ¢ozeltilerin tiimiine SIM taramasi
uygulanmis ve kalibrasyon grafigi cizilmistir. Pestisitlerin kolonda tutunma stireleri ve kiitle

kromatogramlarina gore veri girisi yapilmistir.
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Organoklorlu pestisit standartlar: kullanilarak ¢izilen kalibrasyon grafiginden ve elde
edilen verilerden tayin limiti (LOD) ve miktar limiti (LOQ) degerleri hesaplanmistir.
Verilerin giivenilirligi i¢in hesaplanan % goreceli standart sapma (RSD), LOD ve LOQ
degerleri hesaplanmis ve sonuglar Tablo 1’de verilmistir. LOD degeri 0.02 ile 18.9 ng/L,
LOQ degeri 0.06 ile 63 pg/L, % RSD degeri 2.4 ile 8.9 arasinda bulunmustur.

Tablo 1. Analizi yapilan pestisitlerin %RSD, LOD (pg/L) ve LOQ (ug/L) degerleri.

Pestisit LOD LOQ % RSD
alpha-HCH 0.02 0.06 7.2
beta-HCH 7.53 25.1 8.1
gama-HCH 10.0 33.3 6.6
delta-HCH 0.12 4.05 5.1
Heptachlor 1.24 4.13 5.5
Aldrin (HHDN) 0.71 2.34 4.4
Heptachlor-endo-epoxide 0.66 2.19 7.7
alpha-Endosulfan 1.10 3,66 3.0
4,4'-DDE 0.08 0.25 3.1
Dieldrin 0.09 0.31 3.8
Endrin 0.18 0.60 2.4
beta-Endosulfan 2.01 6.71 4.0
4,4'-DDD 18.9 63.0 8.9
Endrin-aldheyde 2.72 9.07 3.8
Endosulfan-sulfate 0.64 2.14 4.9
4,4-DDT 1.10 3.66 7.1
Endrin-ketone 0.86 2.84 5.7
Methoxychlor 0.15 0.49 4.1

SCAN modunda pestisitlerin tutunma zamanlar1 ve par¢alanma iiriinleri belirlenerek
SIM modunda kalibrasyon grafikleri ¢izilmistir. Hatmi bitkisinin konsantrasyon degerleri bu
grafiklere gore hesaplanmistir. Hesaplanan konsatrasyon sonuglari Tablo 2’ de verilmistir.
Ayrica, Sekil 2 ve 3’te sirasiyla, Diyarbakir ve Elazig illerinin kirsal alan ve yol kenarindan

toplanan beyaz hatmi bitkisi 6rneklerinin pestisit konsantrasyon grafikleri verilmistir.
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Tablo 2. Diyarbakir ve Elazig’dan toplanan beyaz hatmi bitkisindeki organoklorlu

pestisitlerin konsantrasyon degerleri.

o Diyarbakir Elazig

Pestisit

Kirsal alan Yol kenar1 Kirsal alan Yol kenar1
alpha-HCH 258+1.3 258+1.1 25716 25.7+1.8
beta-HCH 36.4+25 41.2+22 30.7+£25 31.7+23
gama-HCH ND 36.8+2.8 26.2+1.3 274 +1.9
delta-HCH 26.8+1.9 304+29 269+2.2 276+1.3
Heptachlor 55.6 £ 3.3 69.7+£4.9 48.2+3.3 121+6
Aldrin (HHDN) 22.7+1.8 232122 226+19 235+1.1
Heptachlor-endo-
epoxide 31.7+22 320+1.9 295+1.6 58.1+3.1
alpha-Endosulfan ND 35.6+25 ND ND
4,4'-DDE 246+1.8 25.1+£0.9 243+1.3 245+1.1
Dieldrin 60.4+£4.9 98.9+6.1 294122 46.1 + 3.6
Endrin 127 +5 1260 + 23 68.6 £4.9 168 £ 10
beta-Endosulfan 27.1+1.1 159 +7 28315 27.7+1.1
4,4'-DDD 30.0+23 30.3+£1.6 29.8+1.3 29.8+£0.9
Endrin-aldheyde 71.9+5.2 128 + 10 ND 48.7+3.1
Endosulfan-sulfate 33311 33815 326+1.1 331+18
4,4-DDT 381111 36.6+1.3 35.6+1.38 35.7+25
Endrin-ketone 31.0+£0.9 34.0+0.8 288110 29.0+1.2
Methoxychlor 39.5+0.1 39.7+£0.1 39.5+0.1 39.7+0.1

Tablo 2 incelendiginde gama HCH ve alpha-endosulfan bilesigi Diyarbakir kirsal
alaninda toplanan hatmi bitkisinde tayin siirinin altinda bulunmustur. Diyarbakir kirsal alan
ve yol kenarinda toplanan hatmi 6rneginde alpha-HCH, beta-HCH, delta-HCH, Aldrin
(HHDN), Heptachlor-endo-epoxide, 4,4'-DDE, 4,4'-DDD, Endosulfan-sulfate, 4,4'-DDT,
Endrin-ketone ve Methoxychlor pestisidinin miktar1 yaklasik olarak ayni konsantrasyonda
bulunmustur. Diyarbakir yol kenarindan ve kirsal alanda toplanan hatmi bitkisindeki diger

pestisitlerin konsantrasyon degerleri; Heptachlor igin yaklasik 1.3 kat, Dieldrin ve Endrin-
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aldheyde i¢in yaklasik miktart 1.6 kat, Endrin i¢in yaklasik miktar1 10 kat, beta-Endosulfan
icin yaklagik miktar1 6 kat olarak belirlenmistir. Bunlarin pestisit-konsantrasyon grafigi Sekil
2’de verilmistir. Ayrica endosiilfan bilesigi pamuk {retiminde insektisit olarak

kullanildigindan atmosfer yoluyla tasinma ihtimalini glclendirmektedir.

Ayrica Elazi1§ ili i¢in Tablo 2 incelendiginde alpha-endosulfan bilesigi tayin siirinin
altinda bulunmustur. FElaz1g kirsal alan ve yol kenarinda toplanan hatmi 6rneginde alpha-
HCH, beta-HCH, gama-HCH, delta-HCH, Aldrin (HHDN), 4,4'-DDE, beta-Endosulfan, 4,4'-
DDD, Endosulfan-sulfate, 4,4'-DDT, Endrin-ketone ve Methoxychlor pestisidinin miktari
yaklasik olarak ayni konsantrasyonda bulunmustur. Elazig yol kenarindan ve kirsal alanda
toplanan hatmi bitkisindeki diger pestisitlerin konsantrasyon degerleri; Heptachlor igin
yaklasik 3 kat, Heptachlor-endo-epoxide i¢in yaklagik miktar1 2 kat, Dieldrin igin yaklasik
miktar1 1.6 kat, Endrin i¢in yaklasik miktar1 2.5 kat olarak belirlenmistir. Endrin-aldheyde
miktar1 kirsal alanda belirlenmezken yol kenarlarinda 48.7 pg/kg olarak bulunmustur.

Bunlarin pestisit-konsantrasyon grafigi Sekil 3’te verilmistir.
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Sekil 2. Diyarbakir kirsal alan ve yol kenarindan toplanan beyaz hatmi bitkisinin pestisit

konsantrasyon grafigi.
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Sekil 3. Elazig kirsal alan ve yol kenarindan toplanan beyaz hatmi bitkisinin pestisit

konsantrasyon grafigi.

Sonug olarak Diyarbakir ilinden toplanan yol kenarindaki hatmi bitkisi 6rnegindeki
pestisit konsantrasyonu genel olarak Elazig ilinden toplanan Ornekten daha yiiksek
konsantrasyonda bulunmustur. Elazig ilinde heptaklor bilesenli pestisitler daha yogun
kullanilmaktadir. Endrin ve beta-endosulfan tiirii pestisitler ise Diyarbakir ilinde daha fazla
kullanildig1 yorumuna gotirebilmektedir. Diyarbakir ilinde daha fazla tarimin yapildigi ve
Endrin gibi organoklorlu pestisitlerin bozunmadan kalmasi, bir yerden diger bir yere
tasinmas1 ve Dbiyoakimulasyon o6zelligi ile birlikte yiksek toksisiteye sebep teskil
edebilmektedir.
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Ozet

Bu c¢alismada kentlesme siirecinde planlamanin  gerekliligi ve “jeoloji” nin kent
planlamasindaki etkisi topografya, jeolojik yapi, hidrojeolojik kosullar, iklim sartlari, yap1
malzemeleri faktorleri ile agiklanmistir. Kirklareli kent merkezi 6rnegi gercevesinde bu
faktorler irdelenip, kent merkezinin bu faktorler baglaminda sorun yasamadigi tespit
edilmistir. Kent merkezinde temel kayaci olarak kiregtaglarinin nokta yilikleme dayanimlarinin
10,16 ile 7,86 kg/cm? arasinda degistigi, statik yeralti su seviyesinin 70 ile 60m arasinda

oldugu belirlenmistir.

Anahtar kelimeler

Kentsel planlama, jeoloji, Kirklareli

IMPACT OF GEOLOGY IN URBAN PLANNING, CASE STUDY FROM
KIRKLARELI

Abstract

In this study, necessity for urban planning and impact of geology in urban planning in terms
of topography, geological structures, hydrogeological conditions, climate conditions and
construction materials are being discussed. Kirklareli city center is exemplified according to
these factors. Nonetheless, no significant problems are being observed. Point load index
strength of main basement rocks in the city center vary between 10,16 and 7,86 kg/cm? while

static groundwater level fluctuate between 70 and 60m.

Keywords
Urban Planning, Geology, Kirklareli
*Sorumlu Yazar: Orhan ARKOC ) orhan.arkoc@klu.edu.tr
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1. GIRIS
Giliniimiizde, dogal afetler, insan yerlesimleri, sanayi tesisleri, ulasim-alt yap1 giizergahi ve
benzeri konular1 olumsuz etkilemektedir. Diger taraftan, yeralti kaynaklar1 ve tarim alanlari
iizerinde gelisen plansiz kentler, dogal kaynaklarin geri doniisiimsiiz kaybina ve cevre

sorunlarina yol agmaktadir.

Deprem ve benzeri dogal afetlerin sikca yasandigi iilkemizde, niifusun biiyilk ¢ogunlugu
kentlerde yasamaktadir. Bu durum kentsel niifusun artisina yol agmakla beraber hizla artan
niifusa bagli olarak giivenli yeni yerlesim alanlari, i¢me-kullanma-sanayi suyu, yapi
malzemeleri, atik bertaraf/desarj alanlarina da ihtiya¢ hizla artmaktadir [1]. Dogal afetlerin
kentlerimizi en az sekilde etkilemesi ve dogru arazi kullanimi i¢in “Kentsel Planlama”

vazgecilmezdir [2].

1.1. Kentlesme ve Jeoloji Tliskisi

Kentlesme, mimarlik ve sehircilik olgusu olarak ortaya ¢ikmis olup kent planlamada yer
secimi amactyla, mimarlikta ise yapi tipi belirlenmesi nedeniyle bilinmesi gereken bir 6zellik

olmustur [3].

Kentlesme

Kent Planlanlamasi Mimarhk

Jeoloji | Jeoloji

Sekil 1. Kentlesme ve jeoloji arasindaki iliski [3]

Kentsel yerlesim i¢in dogru, siirdiiriilebilir ve dogal afetlerden korunmus bir yer se¢imi i¢in

jeolojik ve jeoteknik ozelliklerin dikkate alinmasi kaginilmazdir.

Tarkiye’nin buginki buyik kentlerinin hemen hepsinin kentlesme agisindan gelisimi,
gecmiste, kurulduklart bolgenin jeolojik ve jeoteknik o6zellikleri dikkate alinmaksizin
olmustur [4]. 1999 yilindaki Marmara Depreminde bu 6zelliklere dikkate almadan yapilan
yerlesim yerlerinde meydana gelen yikimlarin sonucu meydana gelen can ve mal kayiplari

ortadadir.
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Kentsel planlama siirecinde jeolojik ¢alismalar genel olarak iki asamada yer alir. ilk asama,
imar plan1 yapilmadan Once, imar planlarima althik olacak “jeolojik ve jeoteknik etiit”
calismalaridir. Ikinci asama ise imar plani tamamlandiktan sonra uygulama kararlarinin
gerceklestirilmesi asamasinda insa edilecek yapilarin tasarimi i¢in gerekli olan zemin-temel-

yap1 etkilesimini ortaya koyacak olan “ zemin etiidii” calismalaridir [5].

Kentlesme
Kent Plénlama5| Mimérhk
Jeoloji Jeoloji
Jeolojik/Jeoteknik | Zemin
Etlud Etadu

Sekil 2. Imar Planlamasi ve kentlesme siireglerinde Jeolojik ¢alismalar

1.1.1. Jeolojik ettt

Belediye ve miicavir alan sinirlar1 igerisinde imar plani yapilacak alanlarin yerlesim agisindan
jeolojik ozelliklerini arastiran, jeolojik yOnden planlamay1 etkileyebilecek sakincalarin
bulunup bulunmadigini belirten, arazilerin planlanabilirligini ve yerlesilebilirligini ortaya
koyan, ayrica kiiclik Olgekli riskleri ortadan kaldirabilecek ve alinabilecek Onlemlerin

arastirilmasini kapsayan arastirmalar biitiintidiir.
1.1.2. Jeoteknik etut

Onceden yapilmis jeolojik etiitlerde gézlemsel veriler yardimu ile yerlesim agisindan sakincali
veya riskli bulunan alanlarda, sakincanin giderilmesi ve yerlesimin hangi kosullarda
yapilabilecegini ortaya koymaya yonelik sismik ¢alismalardan da yararlanilarak laboratuvar

deneyleri ile desteklenmis ¢alismalardir.
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1.1.3. Zemin etidu

Yapilarin temel tasariminda yardimci olmak amaciyla, zemin-temel-yapi etkilesiminin

incelenmesini saglayacak zemin parametreleri ve yeralti suyu verilerini i¢eren ¢aligmadir.

1.2. Jeolojik —Jeoteknik Etiitlerle Tlgili Mevzuat

Tiirkiye’de bugiin hazirlanan imar planlar1 9.5.1985 tarihinde kabul edilen 3194 sayili imar

Kanunu ve bu kanun geregince ¢ikarilan bir dizi yonetmelige gore yapilmaktadir (Tablo 1).

Tablo 1. Jeolojik/Jeoteknik etdtler ile ilgili yonetmelik ve genelgeler

Tarih ve Say1

Adi

Yayimlayan Kurum

/ Kurulus
2.11.1985/18916 Plan yapina ait esaslara dair yonetmelik Baymdirlik ve Iskan
(Resmi Gazete) yap Y Bakanlig1
2.11.1985/18916 Plansiz alanlar imar vénetmelisi Bayindirlik ve Iskan
(Resmi Gazete) M & Bakanligi
2.11.1985/18916 3030 sayili kanun kapsami disinda kalan | Bayindirlik ve Iskan
(Resmi Gazete) belediyeler tip imar yonetmeligi Bakanlig1
17.8.1987/1634 Jeolojik raporlar hakkinda Yapt .I.sl? rl..ci ?nel
Miidiirligi
31.5.1989/4343 Jeolojik ettt raporu Afet {sl?n Egnel
Miidiirligi
15.10.1999/12297 17 Agustos 1999 depreml sonrast planlama Afet {$I?r1 "(i?nel
ve yapilagsma islemleri Midiirligi

31.1.2000/2003

3030 sayili kanun kapsami disinda kalan
belediyeler tip imar yonetmeligi

Teknik Arastirma ve
Uygulama Genel

Madurlugi
Teknik Arastirma ve
4.2.2000/2360 Plan yapiminda uyulacak kurallar Uygulama Genel
Miidiirligi
Teknik Arastirma ve
31.5.2001/13620 | Plan yapimina ait esaslara dair yonetmelik Uygulama Genel
Miidiirligi
. - Yapui Isleri Genel
18.8.2005/847 Zemin ve temel ettidu raporu genel formati e 1
Miidiirligi
. . e Teknik Arastirma ve
19.7.2006/5075 | \marplanlannda yap yiiksekligi vekat | o0 1ama Genel
adedinin belirlenmesi genelgesi e qer 1o
Miidiirligi
6.10 2008/10337 Plana esas J?0|0JI, JeoIquk-Jeotekn!k ve Afet {sl?rl "(“i?nel
mikrobolgeleme etiit genelgesi Midirligi
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Ydurdrlikteki mevzuata gore belediye ve miicavir alan sinirlari iginde veya disinda gecekondu
onleme bolgesi, toplu konut alan1 ve 1slah imar planlar ile sanayi tesis ve bolge planlari,
turistik tesis, akaryakit istasyonu, liman ve depolama tesisi, atik ¢op alanlart vb. yerlerde
yapilacak her tiir ve Olgekte imar planlarinin hazirlanmasindan once, plan kararlarimni
yonlendirmek amaciyla jeolojik ve jeoteknik etiit yaptirilmasi ve ilgili kurumlara

onaylatilmasi zorunlu hale getirilmistir [6].

2. KENT PLANLAMASINDA JEOLOJIK - JEOTEKNIK VERILER VE
KIRKLARELI ORNEGI

Kent planlamasinda yer se¢imini etkileyecek temel parametreler topografya, jeolojik yap,
hidrojeolojik kosullar, iklim sartlari, yapt malzemeleri olarak siralanabilir [7]. Bu
parametreler plancilar i¢in, mevcut yerlesimlerin gelismesinde ya da yeni yerlesim yerlerinin
se¢iminde Onemli verilerdir. Kent planlamasi amaciyla yapilacak jeolojik ve jeoteknik

etiitlerde ileriki zamanlardaki planlama ¢aligmalarina da 1s1k tutacaktir. [8-9].

17 Agustos 1999 Marmara depreminden sonra ¢ikarilan yasa ve yonetmeliklerde imar planina
esas jeolojik ve jeoteknik etutlerle yerlesime uygun alanlarda insa edilecek yapilar icin zemin
etiitleri zorunlu hale gelmistir. Kirklareli ilinde de 1/25.000 Olgekli Kirklareli Il Cevre Diizeni
Plan1 huktimlerince il merkezinin imar planina esas jeolojik ve jeoteknik etiitleri 2015 yilinda
ancak tamamlanmis olup yerlesime uygun ve uygun olmayan alanlarla 6nlem alinarak
yerlesime uygun olabilecek alanlar belirlenmistir. Bu ¢ercevede Kirklareli Belediyesi imar

planlarinda revizyonlar yapilmis ve yapilmaya devam etmektedir.

2.1. Topografya
Sehir i¢inde bazi algak yapilarin yiliksek kotlu yerlere, baz1 yiiksek yapilarinin ise algak kotlu
yerlere yapilma zorunlulugu olabilir. Bu durumda topografya yer se¢imi agisindan énemli bir
parametredir. Sehir i¢inde yol, koprii ve tiinel gibi yapilarin insasinda az1 durumlarda ise arazi
egim sartlar1 onem kazandigi i¢in topografya yine belirleyici bir etmen olmaktadir. iklim
kosullar1, jeolojik ve hidrojeolojik kosullarla birlikte degerlendirildiginde topografya, yer
kaymasi, heyelan gibi jeolojik siireglerin olusumunu da belirleyen bir parametre olarak, kent
planlamasinda yer alacak yerlesim, ulasim, sanayi, atik alanlari, eglendinlen alanlar1 gibi

ogeler icin yapilacak olan yer secimini de 6nemli olarak etkileyecektir [10].
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Kirklareli sehir merkezinin egim haritasi uydu fotografi iizerinden ArcMap yazilimi ile
olusturulmustur. Kent merkezinin kuzey dogusunda yer alan Demirtas, Yayla, Akalar ve
Dogu mabhalleleri sehir merkezinin diger mahallelerine gore engebeli bir topografyaya

sahiptir. Yerlesime uygun olmayacak kadar egimli bir arazi yoktur(Sekil 1).
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Sekil 1. Kirklareli kent merkezi ve ¢evresi egim haritasi
2.2. Jeolojik yap1
Kent planlama alaninda yer alan toprak ve kayag gibi jeolojik malzemeler, bunlarin yatay ve
diisey dagilimlari, birbirleri ile olan dokanak iliskileri, tabakalanma, kirik, c¢atlak,
kivrimlanma, eklem ve fay gibi yapisal 0zellikler kent planlamasi igerisinde yer alacak yapilar
icin yapilacak yer se¢imini etkileyecektir. Zemin ve kayaclara gecirimlilik, deformasyon ve
dayanim gibi jeoteknik 6zellikleri de, yine yapilasma sirasinda degerlendirilmesi kaginilmaz

verilerdir.

Yapilarin temel tasarimlarinda kullanilan tasima giicli degerleri arazi kullanim secimleri
acisindan ¢ok onemlidir. Cogunlukla heterojen 6zellik gosteren zemin ve kayaglar ile temas
halinde bulunan temel yapilarinin tagima giicleri zemin ya da kayagclarin fiziksel 6zelliklerinin

yani1 sira temel derinligi ve geometrisine de baghdir.
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Zeminlerin ve kayaclarin gegirimliligi de énemli bir faktordiir. Ozellikle kat1 atik depolama
alanlar1 yer seciminde atik sizintilarmin yeraltisuyuna karisip kirlenmesini engelleyecek
jeolojik birimler iizerine inga edilmesi ya da onlem alinmasi gerekliliktir. Kiregtaglar1 gibi
erime bosluklari icerebilecek olan jeolojik birimler {izerine yapilasma sirasinda gégme riski
mutlaka degerlendirilmelidir. Deprem riski agisindan 6zellikle aktif faylarin durumu mutlaka

degerlendirilmelidir.

Zemin Ozelliklerinin ayrintili olarak ortaya c¢ikarilmasi ve gerektiginde sondajlar ile

desteklenmesi ileride karsilasilabilecek sorunlar1 engelleyecektir.

Kirklareli kent merkezinin kuzeyinde Istranca masifine ait Paleozoik yasli metagranitler yer
alirken(Pzt, Pks), glineye dogru Tersiyer yashi tabanda volkanik kirintili kumlu-Killi
kirectaslar1 ve marnlar, resifal kiregtaslar1 (Tek, Tei, Tos) ve tutturulmamis c¢akil kum ve

camurtaglar1 yer almaktadir(Tnt) (Sekil 2).
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Sekil 2. Kirklareli kent merkezi ¢evresi jeoloji haritas: [11]

Kentin biiylik bir alaninda 1 - 3 m derinlikte yiizlek veren kiregtaglari temel tabanlarinin
oturdugu kayag olup, dayanimi yapilan nokta yiikleme deneylerinde 10,16 ile 7,86 kg/cm?
arasinda degismektedir. Kent merkezi yakininda aktif fay zonu bulunmamakta olup, en yakin
aktif fay ola Ganos Fay1 yaklasik 200 km giineyde yer almaktadir.
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2.3. Hidrojeolojik Kosullar

Kent planlamasini etkileyen 6nemli unsurlardan biriside ylizey ve yeraltisularidir. Sel
baskinlar1 ve yagis sonrasi gerceklesen heyelanlar vadilerde gelismis yerlesimleri olumsuz
etkilemektedir. Kent merkezlerinde yerlesim yeri se¢iminde, taskin riski olan vadi ve nehir
yataklarinin yakinlarinda yapilasmadan kaginilmalidir. Kent merkezlerinde hem yanlis arazi
kullannm1 hem de asfalt ve beton kaplamalarin fazla olmasi nedeni ile tagkin olasiligi ve

siddeti artmaktadir.

Kentin icme ve kullanma suyu gereksinimlerinin karsilanmasi igin yeralti sularindan
yararlaniliyorsa bu sularin kirlenmesinin dnlenmesi i¢in hidrojeolojik durum ortaya konmali,
kirletici odaklara kars1 6nlem alinmalidir. Zemin oturmasi ve sivilagma risklerinin énlenmesi

amaciyla yeraltisuyu seviyesi ve zemin su iligkisi ortaya konmalidir.

Kirklareli merkez ilcede yapilan zemin etiitlerinde sivilasma riski doguracak su
gozlenmemistir. igme kullanma suyu olarak kullanim agisindan sehrin kuzey kesiminde
metagranitlerden su elde etmek ¢ok zor iken, giineye dogru Eosen yasli Kiregtaslari ve Neojen
yaslh ¢akil, kum ve siltli birimlerden yiiksek verimli yeraltisuyu elde edilmektedir. Statik su
seviyeleri sehir merkezinde 70 - 60 m lerde iken giineye (Kavakli) dogru ilerledikge tarimsal
sulamanin beslenmeye etkisi ile 20m lere kadar ¢ikmaktadir (Sekil 3).
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Sekil 3. Kirklareli ve ¢evresi statik yeraltisuyu seviyesi haritasi
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2.4. iklim sartlan

Bolgenin iklim kosullarma bagli olarak, gece-glindliz sicaklik farklari, kent alanina diisen
yagis miktari, kisin bolgedeki don siiresi ve derinligi; bolgenin jeolojik yapisi ile birlikte, kent
planlamasinda yer alacak bazi yapilar i¢in yer se¢imini, temel tipini ve derinligini
etkilemektedir. Iklim sartlarina bagl olarak bdlgeye diisen yagis miktar1, taskin tehlikesinden
korunmada 6nem kazanirken, hakim riizgar yonii ve siddeti hava kirliligine neden olabilecek

sanayi tesisleri yer seciminde etkilidir [10, 12].

Kirklareli kent merkezinde hakim riizgar yonii kuzey, kuzey-dogu dur [13]. Yagis yiiksekligi
ortalama 55mm dir. Taskin tehlikesi arz eden bir akarsu akisi yoktur. Sehrin Kuzey batisi ve
kuzey dogusunda bulunan, sehre igme suyu saglayan ve sulama amagh iki baraj, lizerinde

kurulu olduklar1 iki akarsuyu regiile etmektedir.

2.5. Yap1 malzemeleri

Kentlesmenin vazgeg¢ilmez unsuru olan yapilasma icin gerekli hammadde ¢ogu zaman
jeolojik kokenli malzemelerden olusur. Zeminde bulunan malzemenin litolojik 6zellikleri her
tiir ingaat malzemesi saglanmasi i¢in de dnemlidir [14]. Kum, ¢akil gibi malzeme ocaklarinin
sehrin ¢ok uzaginda olmamasi kentsel gelisme igin gerekli kaynagi saglamasi agisindan
onemlidir. Bu kaynaklara erisimin kolay olmasi kentlesmenin ekonomik bir sekilde

saglanmasini sonugclar.

Sehir merkezinin kuzey kesiminde Kofcaz ilgesinde dolomit yataklar1 agrega kaynagi olarak
isletilirken, Derekdy, Vize ilgelerinde mermer yataklari isletilmektedir. Pinarhisar’da bulunun

cimento ve kirec fabrikalar1 yine kent merkezi i¢in 6nemli yap1 malzemeleri kaynagidir.

3. SONUCLAR VE ONERILER

Uzerinde yasadigimiz yerkiirenin kaynaklar1 sinirlidir. Bu gezegende bizden sonra da yasam
olacaktir ve bu nedenle yerkiiredeki kaynaklar1 gelecek nesillerinde faydalanmasini

saglayacak sekilde, tilketmeden faydali1 bir sekilde kullanmak gereklidir.

Ulkemiz jeolojik yapist itibari ile dogal kaynakli, deprem, heyelan, taskin gibi afetlere maruz
kalmaktadir. Afet etkilerinin azaltilmas1 amaciyla hazirlana yOnetmeliklerde zemin
tanimlamalar1 ve zemin giivenlik katsayilari ile ilgili tanimlamalar daha detaylandirilmalidir.

Mevzuat geregince de imar planina esas jeolojik ve jeoteknik etutler ile binalar icin zemin
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etutlerinin yapilmasi yasal bir zorunluluktur, bu etiitler ile ilgili denetim ve uygulama kontrolii

arttirilmalidir.

Kirklareli belediyesi tarafindan, kent merkezi i¢in imar planina esas jeolojik ve jeoteknik

etitler 2015 yilinda tamamlanmis olup yerlesime uygunluk degerlendirmeleri yapilmstir.

Kent merkezi topografya agisindan oldukc¢a az egimli bir arazi tizerinde kurulmus olup, taskin
ve egimli arazi yerlesim sorunu bulunmamaktadir. Kentin biiyiik bir kismindaki binalarin
temel yapilar1 10,16 ile 7,86 kg/cm? arasinda degisen dayanima sahip kiregtaglari iizerine
oturmaktadir. Kent merkezi yakininda aktif fay zonu bulunmamakta ve 4. derece deprem
bolgesinde yer almaktadir. Yapilan zemin etiitlerinde sivilasma riski gozlenmemistir.
Yeraltisular1 kentin giineyinde 70-60m lik statik seviyelerde verimli olarak kullaniimaktadir.
Devlet Su Isleri yiizey sulama sistemi nedeni ile yeraltisuyu sulama icin neredeyse hig

kullanilmamaktadir. Bu da diisiimleri engellemektedir.

Bolgesel ve kentsel arazi kullanimi planlanirken jeoloji bilimi ile iligki i¢inde bulunulmasi,
dogal afetlerin can ve mal {izerindeki tehditlerini mimkiin oldugunca azaltilmasini
saglayacaktir. Bu sekilde yapilacak kent planlamasi ile dogal ¢evre ile kentlesme uyum iginde

olacaktir.
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OZET

Niifusu stirekli olarak artan Tiirkiye’de her gecen giin konut ag1g1 da artmaktadir. Bu sorunu
gidermek amaciyla Tulrkiye bolgesel kosullarini da dikkate alarak yeni konut sistemlerinin
degerlendirilmesine ihtiyag duyulmaktadir. Genlestirilmis Polistiren Sert Kopiik (EPS)
Yalitim Kalipli Donatili Beton Tasiyict (EPS YKDBT) Duvar Sistemi, Kolay insaat imkani
saglamasi, ingaat siiresini kisaltmasi, kalip ve kalip is¢iligi maliyetini diigiirmesi, kesintisiz ve
stirekli yalitim saglamasi gibi Ustunliklerinden dolayr Tiirkiye disinda genis bir kullanim
alanina sahip olup Tirkiye’de de yakin zamanda tanmip uygulanmaya baslanmistir. Bu
caligmada EPS YKDBT duvar sistemi ile diger yapi sistemlerinin kaba yapim maliyetleri
ornek projeler icin hesaplanarak karsilastirildi. Gliniimiiz kosullarinda, 6rnek konut projeleri
icin hesaplanan kaba yapim maliyetleri dikkate alindiginda, EPS YKDBT duvar sisteminin
kaba yapim méliyeti diger yapi sistemlerinin kaba yapim maéliyetlerinden daha yuksek

bulundu.

Anahtar Kelimeler: EPS, Duvar Sistemi, Yapi Sistemi, EPS Duvar Kalibi, Maliyet

Karsilastirmasi

*Sorumlu Yazar: Burak OZSAHIN" 0 288 214 18 45, burak.ozsahin@klu.edu.tr
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COMPARISON OF CONSTRUCTION COST OF EPS ICF WALL
SYSTEM WITH OTHER STRUCTURAL SYSTEMS

ABSTRACT

In Tlrkiye, the housing deficit is increasing constantly parallel to the increase in population.
This necessitates re-evaluation of new housing systems taking into account also the regional
conditions. Expanded Polystyrene Foam (EPS) Insulating Concrete Form (ICF) Wall System
which is recently introduced in Turkiye and widely used all over the world due to the shorter
construction duration, easy construction, reduction of formwork and labor costs, providing
continuous and complete insulation advantages. In this study, construction costs of EPS ICF
wall system and the other construction systems are calculated on sample residence projects
and the construction costs are compared. Under present day conditions, considering the cost
of construction calculated on sample residential building projects, it is found that the

construction cost of EPS ICF wall system is higher than the other construction systems.

Keywords: EPS, Wall System, Construction System, EPS Wall Form, Cost Comparison
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1. GIRIS

Tiirkiye gelisen sanayisi, artan niifusu, ayrica yetersiz enerji iiretiminden dolay1 kendi enerji
ihtiyacin1 kendi kaynaklar ile kargilayamayan bir iilkedir. Diger yandan enerji tuketiminin
onemli bir bolimi, binalarin 1sitilmasi igin kullanilmaktadir. TUrkiye bulundugu cografya
nedeniyle bir deprem kusag iilkesidir. Tiirkiye’de uygulanacak yap1 sistemlerinde 1s1 yalitimi
ile depreme dayanikliligin saglanmasi ve bu 6zeliklerin hizli bir yapim yontemi kullanilarak
diisiik maliyetli bir sekilde elde edilmesi gerekmektedir. Bu kosullar dikkate alindiginda EPS
Yalittim Kalipli Donatili Beton Tasiyict (EPS YKDBT) Duvar Sisteminin TUrkiye’de bina
yapiminda kullanilmas1 mumkin gérilmektedir [1]. Turkiye disinda ICF (Insulating Concrete
Form) Walls olarak bilinen EPS YKDBT duvar sistemi uygulamalarinda, sistemin
uygulandigr ilkenin bulundugu cografya, iklim kosullari, depremsellik ve (Ulke
yonetmeliklerine gére degisen kalinlik ve kesitlere sahip EPS kalict kaliplarin ve betonun
kullanildig1 gorulmektedir [2, 3, 4]. Bu calismada EPS YKDBT duvar sisteminin genel
Ozelikleri ile yapim yontemi agiklandiktan sonra yigma kargir sistem, betonarme karkas
sistem ve tiinel kalip sisteminin &zelikleri kisaca anlatildi. Ornek olarak secilen konut
tasarimlari, esdeger 1s1l konfora sahip olacak sekilde farkli yapim sistemleri icin Turkiye’de
yururlikte olan yonetmeliklerde 6ngoriilen kural ve kosullara gére tasarland: ve kaba yapim

maliyetleri hesaplanarak karsilastirildi.

2. KABA YAPIM MALIYETLERI KARSILASTIRILAN YAPI SiISTEMLERI

2.1. EPS Yahtim Kaliph Donatili Beton Tasiyict Duvar Sistemi

EPS YKDBT duvarin iki yizinde EPS’den olusan yaliim malzemesi ve bunlarin arasinda
donatili beton tasiyici ¢ekirdek bulunmaktadir. EPS YKDBT duvar sisteminde EPS elemanlar
hem yalitm hem de kalip vazifesi gorecek sekilde levha veya blok olarak kullanilmakta ve
aralarina donati yerlestirilerek beton doldurulmaktadir (Sekil 1). Bu sistem uluslararasi

literatiirde “ICF (Insulating Concrete Form) Walls” olarak taninmaktadir [2, 3, 4].
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Sekil 1. EPS YKDBT Duvar Sisteminin Sematik Gosterimi [1]

*Sistemin beton dokiminden onceki ve sonraki halinin sematik olarak gosterilebilmesi igin duvarin tamami
yerine bir kisminda donatili beton duvar gosterilmistir.

Sistemde EPS kaliplar kullanilarak kalip ve is¢ilik méliyetinin diisiiriilmesi, insaat siiresinin
kisaltilmasi, binada kesintisiz ve siirekli bir yalittm saglanarak enerji verimliliginin
arttirtlmas1  hedeflenmektedir. Sistem uygulamalarinda ¢esitli yogunluklu EPS kaliplar
etkimesi muhtemel yiiklere ve istenilen 1s1l konfora bagli olarak belirlenen duvar kalinligina
uygun sekilde {ist iiste ve yan yana dizilerek duvar sistemi olusturulmaktadir. EPS kaliplar
kullanilarak hazirlanan duvarlara diisey ve yatay donatilar santiyede yerlestirildikten sonra
kaliplar arasindaki bosluk beton ile doldurularak duvar sistemi tamamlanir. EPS kaliplarda
beton karisimina, beton karisiminda da EPS kaliplara zararli bir madde bulunmamasi, bu iki
malzemenin rahatlikla birlikte kullanilmasini saglamaktadir. Cesitli tiplerde iiretilen EPS
kaliplarin tizerlerinde birbirine ge¢me yaparak dizilme aninda tam ve saglam bir kenetlenme
olusturmak igin disler bulunmaktadir (Sekil 2). Bu disler sayesinde EPS kaliplar iist iiste ve

yan yana dizilip kenetlenerek herhangi bir yapistirma islemine gerek kalmaksizin duvar
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sistemi olusturulmaktadir. Sistemde kullanilan EPS Kaliplar, tizerlerindeki disler sdyesinde
birbiri ile iyi bir sekilde kenetlendigi i¢in, beton yerlestirilmesi sirasinda kaliplarin arasindan
beton veya baglayicili bulamag digsar1 akmaz. EPS kaliplarin i¢ yiizeylerinde belirli araliklarla,
EPS kalip ile beton c¢ekirdek arasindaki mekaniksel baglantinin dibel ya da vida
kullanilmasma gerek kalmaksizin olugmasini saglayan kirlangi¢ kuyrugu girintiler vardir.
Betonun yerlestirilmesi sirasinda EPS kaliplarin sekillerini korumak, betonun yerlestirilmesi
sirasinda meydana gelen yanal kuvvetleri karsilamak ve beton sertlestikten sonra iki yiizeyde
bulunan EPS elemanlarin betonla bir arada kalmasina yardimci olmak igin, kalip icerisinde i¢
yiizeye dik dogrultuda belirli araliklarla EPS, metal, plastik vb. malzemelerden yapilmis
baglanti1 kopriileri bulunmaktadir [1] (Sekil 2).

2011.03. 8 2011.03.13 23:37

Sekil 2. Méliyet Hesabinda Kullanilan EPS ve Metal (Tel) Baglanti Kopriilic EPS
Kaliplar [1,5]

Beton dokiimii sirasinda betonun kaliba uyguladigi yanal kuvvetleri karsilayacak sekilde
tasarlanan, gesitli bigim ve boyutlarda imal edilen baglant1 képriilerinin baz: tiirleri fabrikada
imal edilirken bazi tiirleri ise kaliplara santiyede monte edilmektedir. EPS YKDBT duvar
sisteminde EPS kaliplarin kalic1 olmasi, kalip i¢inde baglanti kopriilerinin bulunmasi, yatay
ve diisey donatinin kalip igindeki kii¢lik boyutlu bosluklarda diizenlenmesi, sistemde betonun
bosluksuz yerlestirilmesini 6nemli hale getirmektedir. EPS YKDBT duvar sisteminde betonun
yerlestirilmesi sirasinda EPS kaliplarin patlamamast igin genellikle vibrator kullaniimaz.
Sistemde duvarlara betonun yerlestirilmesinde vibrasyon uygulamak yerine dar engeller
arasindan gegebilme, bosluklar1 doldurabilme kabiliyetine sahip ¢ok akici kivamda ve aym

zamanda yiiksek ayrisma direncine sahip beton kullanilir [1].
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2.2. Yigma Kargir Sistemler

Tas, tugla, briket, ahsap, kerpi¢, gaz beton gibi gereglerin birlesim yerlerinde har¢hi ya da
hargsiz iist liste yerlestirilerek oriilmesiyle olusturulan sistemlerdir. Bu tiir yapilarda duvarlar,
hem mekanlar1 birbirinden ayiran (oda, salon, mutfak vb.) mimari islev gortrler, hem de
tagtyicidirlar [6]. Binadaki tasiyici ve tasiyict olmayan tiim elemanlarin agirliklart ile binaya
yatay olarak etkiyen riizgar ve deprem ytikleri i¢ ve dis duvarlar tarafindan taginarak temellere
aktarilirlar. Bu tiir yap1 sistemlerinde tiim yiikler duvarlar tarafindan tagindigindan, tasiyici
olan bolme ve dis duvarlarda yonetmeliklerin belirledigi oran ve yerlerde kapi, pencere gibi
bosluklar birakilabilmekte; olusabilen ¢cekme kuvvetine, devrilme veya disa burkulmaya karsi
diisey ve yatay betonarme (ahsap veya c¢elik) hatillarla baglanmaktadir. Yigma kargir
sistemlerde ylklerin tamami duvarlar tarafindan karsilandigi i¢in yapinin bazi béliimlerindeki

duvarlarin yerlerinin degistirilmesi veya duvarlarin kaldirilmas1 miimkiin degildir.

2.3. Betonarme Karkas Sistemler

Karkas yapilar1 yigma yapilardan ayirt eden temel 6zelik, duvarlarin tasiyict olmamasi,
yalnizca mimari amaglarla yapilmis olmalaridir. Tastyicilik gorevini “karkas” adi verilen bir
“iskelet” yapar. Bu karkas; betonarme, ¢elik ya da ahsap gereclerden yapilabilir. Karkas ve
kat dosemeleri olusturulduktan sonra tizerine bolme duvarlari oriiliir. Bolme duvarlar tasiyict
degil taginandir. Betonarme karkas yapilar maruz kaldiklar ytikleri iskelet sistemiyle temele
aktarirlar. Bu iskeleti olusturan elemanlar diiseyde kolonlar ve perdeler, yatayda kirisler ve

doésemelerdir [6].

2.4. Tiinel Kalip Sistemi

Tiinel kalip sistemi, biiylik kalip elemanlar1 kullanilarak yapmin doseme ve tasiyici
duvarlarinin bir biitiin halinde ve tek islemle yerine dokiilmesini saglayan endiistrilesmis
yapim tekniklerinden bir yerinde dokiim betonarme yapim sistemidir [7]. Tinel kalip
dikdortgen enkesitli yarim tiinel seklinde kaliplarin Karsilikli baglanmasi ile olugmaktadir. Bu
tiir yapilarda aligilagelmis binalardan farkli olarak yatay ve diisey yiiklerin aktarimi kolon ve
kirislerden olusan c¢ergeve sistemler yerine betonarme doseme ve tasiyict duvarlar ile
saglanmaktadir. Genel uygulamada, duvar ve doseme kalinliklari hemen hemen aym
tutulmaktadir [8].

Maliyetlerin karsilastirilmasinda yapim tiirlerinin ayni iglevsellik ve 1s1l konfor sartlarinm

saglayacak ayrintilar1 ve 6zelikleri esas alindi.
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3.EPS YKDBT DUVAR SIiSTEMI iLE DiGER YAPI TASIYICI SiISTEMLERINIiN
KABA YAPIM MALIYETLERININ KARSILASTILMASI

3.1 Maliyet Karsilastirilmasinda Kullanilan Ornek Konut Projeleri Hakkinda
Genel Bilgiler

EPS YKDBT duvar sistemi ile diger yapi sistemlerinin kaba yapim maliyetlerinin
karsilastirilmasinda kat planlar1 Sekil 3 ve Sekil 4’te verilen iki farkli 6rnek konut tasarimi
kullanildi. EPS YKDBT duvar sisteminin Tiirkiye ve yurtdisindaki uygulamalarinda tasiyici
duvarlarin  olusturulmasinda farkli sekil ve boyutlara sahip EPS kalict kaliplar
kullanilmaktadir. Calisma kapsaminda incelenen 6rnek konut tasarimlarinin kaba yapim
maliyet hesaplari, Tiirkiye’de yaygin kullanima sahip iki tir EPS duvar kalib1 i¢in yapildi
(Sekil 2).
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Sekil 3. Ornek Konut 1 Tasarimi Zemin Kat Plani [1]

Kat plam ve oOlgileri Sekil 3’de verilen Ornek Konut 1 yapisi, esdeger 1s1l konfora sahip
olacak sekilde betonarme karkas, yigma kargir ve EPS baglant1 kdpriilii kaliplarin kullanildigi
EPS YKDBT duvar sistemi igin Turkiye’de gegerli olan mevcut yonetmeliklerde 6ngdrilen
kural ve kosullara gore ayr1 ayri tasarlandi ve kaba yapim maéliyetleri hesaplandi [9, 10].

Maliyet karsilastirmasinda kullanilan Ornek Konut 1 yapis1 3 kattan olusmaktadir. Ornek
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Konut 1 tasariminda dikkate alinan yap1 parametreleri Tablo 1’de verilmistir.

Tablo 1. Ornek Konut 1 Projesi Tasarim Parametreleri

Yapt TUMT .o : Konut
Yapt Kat Adedi.......ccoovvveniieeiniice 3 (Bodrum+Zemin+1 Normal Kat)
Kat Yiiksekligi, hyat.eoeeeoeerrrirainnrniennnnnn : 3.00
Bina Onem Katsayist, I .......cccocoevevrerrennnnn, : 1.0
Deprem BOIGESH ....ccvvvviiiiiieieceeeee : 3
Etkin Yer ivmesi Katsayist (Ag) ....coovveen, : 02
Yerel Zemin Sinifi.......ccooeviniiiiniinnnnns A
Zemin Grubu ... . C
Spektrum Karakteristik Periyotlari, Th ....... :0.155,
Tg...... :0.60s
Zemin Emniyet Gerilmesi, Gzem «vevverveenenne. - 200 kN/m?
Zemin Yatak Katsayisi, Kg....ooooovveiirniennn. : 50 000 kN/m®
Tasiyic1 Sistem Davranmig Katsayisi, R ........ : 8 (Betonarme Karkas Yapi)
6 (EPS Yaliim Kalipli Yap1)
Beton Dayanim Smifl........cccccoevviiiiiennnene. : C30
Celik Dayanim Sinifi.........cccoevviviiviiincnnns . $420
q Y @D P @O ® @
3 z g =
[ A B 1 A E B I S i | B N GO A
g b ;t | o 1E %
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Sekil 4. Ornek Konut 2 Projesi Zemin Kat Plani [1]
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Kat plan1 ve olclleri Sekil 4’te verilen Ornek Konut 2 yapis1 esdeger 1s11 konfora sahip olacak
sekilde betonarme karkas, tiinel kalip ve metal (tel) baglant1 kopriilii kaliplarin kullanildig:
EPS YKDBT duvar sistemi icin Turkiye’de gecerli mevcut yoénetmeliklerde 6ngorilen
kurallara gore ayr1 ayri tasarlandi ve kaba yapim maéliyetleri hesaplandi [9, 10]. Maliyet
analizinde kullanilan Ornek konut 2 yapis1 5 kattan olusmaktadir. Ornek konut 2 yapisinin
tasariminda dikkate alinan yap1 parametreleri Tablo 2°de verilmistir.

Tablo 2. Ornek Konut 2 Projesi Tasarim Parametreleri

Y apt TUMT .o : Konut

Yap1t Kat Adedi........cccoovvveiiiineiiiicienenn, : 5 (Bodrum+Zemin+3 Normal Kat)

Kat Yiiksekligi, Diat.eooooerrereieiiiniiiniienns : 3.00

Bina Onem Katsayisi, I .......cccococevirevennnnn, : 1.0

Deprem BOIGESH .....covevvveieieiieiececesiei 03

Etkin Yer ivmesi Katsayist (Ag) ....cocovve.. : 02

'Yerel Zemin Sintfl.......ccccoovvvviiiniiiienne, » Z3

Zemin Grubu ... : C

Spektrum Karakteristik Periyotlari, Ta ....... 10155,

Tg.oen. :0.60s

Zemin Emniyet Gerilmesi, Gzem «veevveereeeenn : 200 kN/m*

Zemin Yatak Katsayisi, Ko..ooooovovvevvviivennnn. © 50 000 kN/m°

Tasiyic1 Sistem Davranmis Katsayisi, R ........ : 8 (Betonarme Karkas Yap1)
6 (EPS Yaliim Kalipli Yap1)
6 (Ttnel Kalip Yap1)

Beton Dayanim Sinifi.........cccoceveveveivnninnnnn, : C30

Celik Dayanim Sinifi........cccccovvvvieiinennnnnnn, : S420

Ornek Konut 1 yapisinin EPS YKDBT duvar sistemi olarak tasariminda tasiyict duvarlarda
EPS baglanti képriilii kaliplar ve Ornek Konut 2 yapisinin EPS YKDBT duvar sistemi olarak
tasariminda tasiyict duvarlarda metal (tel) baglant1 kopriilii EPS kaliplar kullanildr (Sekil 2).
Maliyet hesaplarinda dikkate alinan yapi elemanlarmin Ozelikleri 6zet olarak Tablo 3’de
verildi. Maliyet hesaplarinda Cevre ve Sehircilik Bakanlhigi 2015 Yili Insaat Birim Fiyat
Listesi’nden yararlanild1 [11]. Cevre ve Sehircilik Bakanlign 2015 Yili insaat Birim Fiyat
Listesi'nde yer almayan imalat, “dzel imalat” olarak tanimlandi. Ozel imalatin birim
fiyatlarinin tespitinde Milli Savunma Bakanligi 2015 Yili Insaat Birim Fiyat, Tarif ve
Analizleri’nden yararlanildi ve bu listede de yer almayan imalat i¢in piyasa arastirmasi

sonucu birim fiyatlar belirlendi [12].
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Tablo 3. Maliyet Hesabinda Dikkate Alinan Yap1 Elemanlarinin Ozelikleri

Yap Sistemi Yigma Kargir Betonarme Tiinel Kalip EPS YKDBT
Sistem Karkas Sistem Sistemi Duvar Sistemi
Tastyici Sistem Tastyici Tugla Betonarme Iskelet Tasiyic1 Betonarme Tastyic1 EPS Kaliplt
Duvar Sistem Duvar Duvar
Temel Sistemi Duvar Alt1 Temeli Radye Temel Radye Temel Radye Temel
Doéseme Sistemi Plak Doseme Plak Doseme Plak Déseme Plak Déseme
Diisey Dolasim | Betonarme Betonarme Betonarme Betonarme
Ogesi Merdiven Merdiven Merdiven Merdiven
Duvar Malzemesi | 190 mm diisey 190 mm yatay 190 m yatay delikli EPS kalipli duvar
delikli dis duvar delikli dis duvar dis (cephe) duvar
135 ve 95 mm yatay | 135 ve 95 mm yatay
delikli i¢ bolme delikli i¢ bolme
duvari duvari
Yalitim Sistemi EPS ile 50 mm EPS ile 50 mm EPS ile 50 mm 42,5 mm dis ve

disaridan mantolama

disaridan mantolama

disaridan mantolama

42,5 mm i¢ EPS
kalip kalinlig1

Siva

Dis cephe sivast
I¢ siva ve alg1 siva
Klasik tavan sivasi

Dis cephe sivast
I¢ s1va ve al¢1 siva
Klasik tavan sivasi

Dis cephe sivast
Icte alg1 siva
Tavanda alg1 astar
ve al¢1 siva

Dis cephe sivast
I¢ siva ve alg1 siva
Klasik tavan sivasi

Yapr sistemlerinin yapim maliyetlerinin karsilagtirilmasinda, kaba yap1 imalat1 dikkate alindi.
Méaliyet karsilastirilmasinda dikkate alinan imalat kalemlerinin disindaki imalat tim yap1
sistemlerinde, binalarda aymi icin, sistemlerinin  maliyet farklarnin

oldugu yap1

belirlenmesinde etkilerinin olmadig1 kabul edildi.

3.2 Ornek Konut Tasarimlar: icin Kaba Yapim Maliyet Hesap Sonuglari

Sekil 3 ve Sekil 4’te kat planlar1 verilen 6rnek konut tasarimlar1 i¢in yapilan kaba yapim
maliyeti hesap sonuglar1 sirasiyla Tablo 4 ve Tablo 5’te verildi. Tablo 4 ve Tablo 5’te
Ozetlenen maliyet hesaplar1 sonuglarina gore, EPS YKDBT duvar sisteminin kaba yapim
maliyeti diger yap1 sistemlerinin kaba yapim maliyetlerinden daha yuksektir. Sekil 3’de kat
plan1 verilen Ornek Konut 1 tasarmmi igin yapilan maliyet hesaplar1 sonucuna gére EPS
YKDBT duvar sisteminin kaba yapim maliyeti, yigma yap1 sistemi kaba yapim maliyetinden
% 44, betonarme karkas yap1 sistemi kaba yapim maliyetinden % 8,6 daha yuksektir.

Sekil 4’te kat plan1 verilen Ornek Konut 2 projesi i¢in yapilan maliyet hesaplar1 sonucuna
gore EPS YKDBT duvar sisteminin kaba yapim maliyeti, betonarme karkas yapi sistemi kaba
yapim maliyetinden % 15, tiinel kalip sistemi kaba yapim maliyetinden % 4 daha yuksektir.

EPS YKDBT duvar sisteminin kaba yapim maliyeti, betonarme karkas yap1 sisteminin kaba
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yapim maliyetinden Ornek Konut 1 projesinde % 8,5 ve Ornek Konut 2 projesinden % 15
daha yiiksektir. Bu farkin sebebi maliyet hesaplarinda iki farkli EPS duvar kalibinin
kullanilmasidir (Sekil 2). Ornek Konut 2 tasariminda, Ornek Konut 1 tasariminda oldugu gibi
EPS baglant1 kopriilii duvar kalibi kullanilmasi durumunda EPS YKDBT duvar sisteminin
kaba yapim maliyeti 318 810,57 TL’ye inecektir. Boylece Ornek Konut 2 tasariminda EPS
YKDBT duvar sisteminin kaba yapim maliyeti Ornek Konut 1 tasariminda oldugu gibi
betonarme karkas yapi sistemi kaba yapim maliyetinden % 8,5 daha yiiksek olacaktir.

Yapilan maliyet hesaplarina gore EPS YKDBT duvar sisteminin kaba yapim maliyetinin
diger yap1 sistemlerinden daha yiiksek olmasinin en Onemli sebebi, sistemde kullanilan
kendiliginden yerlesen beton ve EPS kalip maliyetlerinin yiiksek olmasidir. Ornek Konut 1
projesinde yalitim ve kalip maliyeti, EPS YKDBT duvar sisteminde 73 485,40 TL, betonarme
karkas yap1 sisteminde 70 354,75 TL ve yigma yap1 sisteminde 50 484,91 TL’dir. Ornek
Konut 2 tasariminda yalitim ve kalip méaliyeti, EPS YKDBT duvar sisteminde 126 983,52 TL,
betonarme karkas yapi sisteminde 114 894,29 TL ve tiinel kalip sisteminde 148 034,12
TL’dir. EPS YKDBT duvar sisteminde kendiliginden yerlesen beton yerine, sistem
Ozeliklerine uygun olarak tasarlanmis dar engeller arasindan gegebilme, bosluklari
doldurabilme kabiliyetine sahip ¢ok akici beton kullanilmasi durumunda, sistemin kaba yapim
maliyeti Ornek Konut 1 yapisinda % 4,7 ve Ornek Konut 2 projesinde % 4,9 diisecektir. EPS
YKDBT duvar sisteminde sistem 6zeliklerine uygun ¢ok akicit kivamda beton kullanilmasi
durumunda sistemin kaba yapim maliyeti betonarme karkas yapi sistemi kaba yapim
maliyetine ¢ok yaklasirken (% 3,5) tiinel kalip sistemi kaba yap1 maéliyetinden % 1,1 daha
duisiik olacaktir.

Burada dikkat edilmesi gereken 6nemli bir husus maliyetlerin karsilastirilmasi igin yiizde
cinsinden verilen farklar kaba yapim (tasiyici iskelet veya duvar, 1s1 yalitimi, esdeger asgari
stvalarin) maliyetleri i¢indir. Toplam yapim maliyetleri icin, EPS YKDBT duvar sistemi ile
diger yap1 sistemleri karsilastirilirsa sistemlerin yapim maliyetleri arasindaki yiizde cinsinden

farklar yaklasik yarisina diisecektir.
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Tablo 4. Ornek Konut 1 Tasarimi i¢in Esdeger Isil Performansa Sahip Yap1 Tiplerinin

Kaba Yapim Maliyetlerinin Karsilastirmast

96'200 T €L'eeT ¥6'7€C 0T 99'79€ T 9G'¥TE 0T 1T'GIET 0S'L W isewrpide x ewrerdesy| B[y 2182512 eT
- - 08'0SS 6 08'7SY 08'05S 6 08'7SY 00'TC W ($1qq) 1sewide & vAIg T0/T0S L2 A A
‘ ‘ ‘ ‘ ‘ Ulwsg
G€'/169 09°¢ - - v ¥0€ 9 GC€ €C6E6 T uoy SWIRLOIBY WW §Z—Td STO'SZ'A 1T
_ _ _ _ _ _ _ Hiwesg
T6°€9L ¢E T99T 0€'GE9 ST €6 6. v8¥ G¢ ¢6¢1 99261 uoy awLRUOIRg WW ZT-8 YTO€Z A 0T
90'T9L T 0g'8TY 90'T9L T 0g'8TY €0CGL T 9T'9TY 12y U (uid1 xeAn(]) 1S0[%ST 1 | £00/TS0°TZ A 6
11880 L GTYYS T 8EWVE L 80°009 T G6'L1T 8 29'89L 1T 65'Y < wsopys] diest | 100/0S0°TZ A 3
. . . . . . . 1qIe
€T96€ LT 0T 6.5 18'6€6 ¥7¢ 22 0€8 9G'LTC v 96 891 T ¥0 0€ U aweuolag 1148ZnA Znq Z0/TT0TZ A J
) ) ) ) ) ) ) 1sewyide x
60€TT 096 829.S ¢6 87 98 781 9T 1¥ 8LTI U diey] uog weydesyy 10/T00°TZ A 9
. . . 1sewqide x rean( o141se ],
- - 561969 Ve 091 - - g5 se M ol BIBNL IPIPA £¥0d | $O4/TO0BT'A | G
) ) ) (we]) 1sewqide § rean(g
- - - - | Gs9ccE 520t 00°0¢ e sl e[EnL IPIA AvEA | S0D/TO0BT'A | ¥
) ) ) ) ) ) ) (wre { ) 1sewide X 1eang
607¢19 ¢ €08TT €€799 ¢ 0€0¢T G€¢ClS¢ Y2 9Tl €T e U o eIgnL IPIRA ABeA | TOD/T00ST A e
6L°€BT €T vG'9L €68GL LT 20°€0T 82'26S 0€ VLT 8€2LT < uog NZeH ££/08D) 90/0S0°9T° A Z
GE'29 [4740) €G'065 76'€ 18'68Y 12'€ 88'6YT W uopg NZeH $7/07D ¥0/050°9T' A 1
(L) ueng, LIEP[IA (L) veyny, | eI (TL) ueng, LIEP[IA
(GRARILING ON
dex pdijey wgiex S4q 1dex aigaey ewgix dex seyaey[ JuLIgu0)dg wug sToz | lwiag TWIUE J, 8ISy ON z0d BIIS

52

Eps Yalitim Kalipli Donatili Beton Tastyici Duvar Sistemi Ile Diger Yapi Sistemlerinin Kaba Yapim Maliyetlerinin Karsilagtiriimasi



Ozsahin and Guner/ Kirklareli University Journal of Engineering and Science 1 (2015) 41-57

Tablo 4. Ornek Konut 1 Tasarimi i¢in Esdeger Isil Performansa Sahip Yapi Tiplerinin

Kaba Yapim Maliyetlerinin Karsilagtirmasi (Devam)

€0'T90 G0Z G0'9gE TT G6'86. 88T NV1dOL1
. ) . ) ) ) . 1sewyide x
¥68¥9 1 76 8€ 8E V29 LT 9T 9Ty 8E V29 LT 91 9T¥ Sy u PUWIRIOIUBIN |1 ST 91520 ez
00°00¥ 00°00¥ - — — - 00T BPY non $mg Sdd § 1920 2z
‘ ‘ ‘ uewory
L9v0C T 09 ¢SS - - - - 8T ¢ w eunezn diey Sdd v 1920 12
. . . 1q17ey] unsepg
80T99 ¢ G8/61 - - - — SV el w owoso( TeAn S £ 1920 0z
. . . ($1q) 1sewqide x
09500 0T 08 7S - - - - 00¢C u BAIS OULIOZ() SAH Z 1920 6T
. . . (3D 1sewyide x
08'€2¢8 0¢ 690TC T - - — - 0C.1 u BAIS QULIZ() SdH 11920 8T
_ _ _ _ _ _ . " uoleg (182Q)
99LorEE | cBOEL seere e uosoloA wopuBipuoy | pze aSN | LT
_ _ _ _ _ _ _ . (1920)
geesocy | 06938 ST0s z 1qUey] reANQ I SdH 1189140 | 9T
18'T0C L TE'S6Y €L'115 . ¥0'LTS G6'7SG L 09'6TS vS'vT W 1sewride § 1SEAIS UBAR /56522 qT
GZ'€00 ¢ €L'EET 8G'ciy 0C 99'v9E T 09°T09 0¢ IT'GLET 8611 u (31) 1sewpde & vAIS 116522 vT
(L) ueng, LIEP[IA (TL) ueng, eRfIn (T1) veny, | LIepIN
(GRARILINE | oN
1de x dijey] wniex Sdd 1dex aidaey ewigix 1de x seyae)] JuLieuo)dg wug gT0g | lwiag TWIue I, edesry| ON z0d BIIS

53

Eps Yalitim Kalipli Donatili Beton Tastyici Duvar Sistemi Ile Diger Yapi Sistemlerinin Kaba Yapim Maliyetlerinin Karsilagtiriimasi



Ozsahin and Guner/ Kirklareli University Journal of Engineering and Science 1 (2015) 41-57

Tablo 5. Ornek Konut 2 Tasarimi igin Esdeger Isil Performansa Sahip Yapi Tiplerinin

Kaba Yapim Maliyetlerinin Karsilastirmasi

— - ¥.'68€ 61 0g'G85 ¢ 05667 T LT'EE6 T 0S°L u isewrpide x ewerdesy| B[y 2/825°12 eT
. . ) 1sewrfide X
- - LEETLC 61569 - - vo'e M (yepog) ®sy By | viesz | 2T
- - 9¢'L6v 0¢C 90'9.6 GE'vLE 0T 1206 00'TC u ($1q) 1sewide & vAIg T0/T0S L2 A 1T
_ _ _ . _ _ _ Hiwesg
LT96€ ¢¢ SSTT Ly 8€C ST 98, 96 6€€ €T 889 €C6E6 T uol aWIRU0IRY WW 87T GTO'SZ A 0T
‘ ‘ ‘ ‘ ‘ ‘ ‘ HUwsegd
€0°€90 ¢v ¢eTC 8T 666 0S G8'G¢ §6 1795 ¥E ¢SLT 997¢2.6T uol awLRUOJRg WW ZT-87 YTOEZ A 6
9G'€VS € 0LT¥8 9G'eVS € 0LT¥8 ¥9'C/S € 19818 Ty u (uId1 TBANT) TSO[ONST $ | £0D/TSO'TZ A 8
08€69 8 L0'V68 T G8'v6v 18207 12098 6 €0'ovT ¢ 65V cu wsopoys et | T09/050°TZ A J
. . _ . . _ _ 1qie
v¥ LST ¢¢ 09',EL GLGIET 08¢y ¢8'10€ ¥9 Y ovT ¢ 70 0€ u awureu0lag 11A8ZnA Znq Z0/TTOTZ A 9
) ) ) ) ) ) ) 1sewyide x
69'L1¢ 81 81 ¢6 €LS ¢L8Y ¢9€98 T€€L 8LTT u diey uog ueidesyy 10/T00°TZ'A S
) ) ) ) ) (we]) 1sewqide § rean(g
- - VoEIW 1T 6.8 9€'G80 & 16697 000€ cu ol B[EnL IPIRA ABeX | S0D/T00'8T A i
) ) ) ) ) ) ) (wre § ) 1sewide X 1eang
18'G10 G G9'9¢¢ ¢00cT S 9E'TEC 99810 & 8.°9¢¢ €T e u o eiEnL 1py1da AeteA | TOD/T008T A e
G8‘TT. 8T GG'80T €9'v.0 65 0L°zve €2'8eY ¢ 679V 8e2LT cw uojog NZery £ /00 90/0S0°9T° A Z
0g'8eT 98'0 6T'€TS ' ¥0've8 0S'S 88'6YT cw uopg NZeH $7/07D Y0/0S09T' A 1
(L) ueng, LIEP[IA (TL) ueng, LIEP[IAL (TL) ueng, LIEPIA
(11) vedg ON
1de x dijey] wniex Sdd 1de x diey] pPung, 1de x seyae)] JuLieuo)dg wig g0z | 1wiag IWIUR ], BIeSry ON z0d RIS

54

Eps Yalitim Kalipli Donatili Beton Tastyici Duvar Sistemi Ile Diger Yapi Sistemlerinin Kaba Yapim Maliyetlerinin Karsilagtiriimasi



Ozsahin and Guner/ Kirklareli University Journal of Engineering and Science 1 (2015) 41-57

Tablo 5. Ornek Konut 2 Tasarimi igin Esdeger Isil Performansa Sahip Yapi Tiplerinin

Kaba Yapim Maliyetlerinin Karsilagtirmasi (Devam)

LT'900 6€€ 9T'/86 GC€ 96'7¢/. €62 NV1dO01
. ) ) ) ) ) . 1sewyide X
SEVI9T ¥S6€ 8G8/8 6€ Y9 Tv6 8598/8 6¢ 9 1v6 GEcy W BUWRIOIUB 3|1 SdT S 1520 e7
00099 00099 - - - - 00T 1°9pv non $mg Sdd ¥ 1920 2z
‘ ‘ . 1qIres] wisapg
T96T.L Y 06 05€ - - - - SYET w owaso( IeAn( Sdq € 192Q TC
. . ) ($1q) 1sewide x
9EVET ¥C 6C 7.6 - - - - 00¢¢ W BAIS OULIOZ() SAH Z 1920 0z
. . . (3p) 1sewide x
YZ €18 LC S0.T91T - - — - 0C.T W BAIS QULIOZ() SdH 11920 6T
_ _ _ _ _ _ _ u (1920)
£9098 88 6T 6% T 0679 ¢ 1ques] reanq oie3 Sdq T0C/89T'¥0 8T
— - 20'TLL GOT L2'l€6¢ — - T0'9¢ W dijey jouny, OVO'TZ A /T
_ _ _ _ _ _ _ w uolag (192Q)
Lbce8Ls | v6BEC sceve : uosopoA wopuBipuoy | pze @SN | 9T
€9'G9. 6 ¥9'TL9 — — €928T 0T 92'869 YS'YrT W 1sewqide 4 1SEAIS UBAR /56512 ST
v.'192 € v1'81¢ - - 7£°096 8¢ 1T€E6 T 86'1T U (1) sewpde & vAIS 116522 v
(L) ueng, LIEP[IAL (TL) ueng, LIEP{IA (D) veng, LIEP[IA
(1L) nediy N
1de x dijey) wniex Sdd 1dex diey] pPung, 1de X seyaey] suLIeuo)dg wiig gT0Z | g TWIue I, edesry| ON z0d BIIS

55

Eps Yalitim Kalipli Donatili Beton Tastyici Duvar Sistemi Ile Diger Yapi Sistemlerinin Kaba Yapim Maliyetlerinin Karsilagtiriimasi



Ozsahin and Guner/ Kirklareli University Journal of Engineering and Science 1 (2015) 41-57

4. SONUC ve ONERILER

Calisma kapsaminda EPS YKDBT duvar sistemi ile diger yap1 sistemlerinin kaba yapim
méliyetlerinin karsilastirilmasinda iki farkli 6rnek konut tasarimi kullanildi. 3 kattan olusan
Ornek bina tasarimlari icin betonarme karkas, yigma kargir ve EPS baglant1 kopriilii kaliplarin
kullanildigit EPS YKDBT duvar sistemi i¢in tasarim yapilarak ve ii¢ farkli yapim sisteminin
kaba yapim maliyetleri hesaplandi. 5 kattan olusan diger 6rnek bina tasarimi igin betonarme
karkas, tiinel kalip sistemi ve metal (tel) baglant1 kopriilii kaliplarin kullanildigit EPS YKDBT
duvar sistemi igin tasarim yapilarak ve {i¢ farkli yapim sisteminin kaba yapim maliyetleri
hesaplandi.

Yapilan maliyet hesaplart sonucunda EPS YKDBT duvar sisteminin kaba yapim maliyetinin
diger yap1 sistemlerinden daha yiiksek oldugu sonucuna varild:.

EPS YKDBT duvar sisteminin Tiirkiye’de yaygin olarak kullanilabilmesi i¢in sistem yapim
maliyetinin diistirilmesi gerekmektedir.

EPS YKDBT duvar sistemi kaba yapim maliyetinin diger yap1 sistemlerinden daha yiiksek
olmasinin en 6nemli sebepleri, sistemde kullanilan kendiliginden yerlesen beton ve EPS kalip
maliyetlerinin yiiksek olmasidir.

EPS YKDBT duvar sisteminin Tirkiye uygulamalarinda kullanilan kaliplar veya kalip
hammaddesi yurtdigindan ithal edilmekte veya Tiirkiye’de yurtdisi firmalarinin patenti altinda
tretilmektedir. Bu sebeple sistemde kullanilan kaliplarin méliyetleri yliksek olmakta,
dolayisiyla sistemin yapim maliyeti yikselmektedir. EPS kaliplarin Tiirkiye’de yerli firmalar
tarafindan yaygin olarak tiretilerek kalip maliyetlerinin diistiriilmesi, sistemin yapim maliyeti
acisindan olduk¢a onemlidir. Yapim maliyetindeki diger 6nemli etken sistemde kullanilan
betonun maliyetidir. Kendiliginden yerlesen betonun maliyetinin giderek diismesi sistemin
yapim maliyetinin diismesi i¢in dnemli bir etkendir. Ayrica sistem 6zelikleri dikkate alinarak
tasarlanmis ve sistem iizerinde denenerek iyi sonuglar alinmis ¢ok akici kivamda ylksek
oranlarda puzolanli baglayicili geleneksel beton kullanilmasi, sistemde kullanilan beton
maliyetini ve dolayisiyla sistemin yapim maliyetini istenilen diizeye diistirecektir.

EPS YKDBT duvar sistemi ile ilgili olarak gelecekte yapilacak g¢alismalarda farkli kat
sayisina sahip, farkli kalip sistemlerinin kullanildigi ¢ok sayida konut projesi i¢in toplam
yapim maliyeti ile isletme maliyeti (1sitma, sogutma, bakim ve onarim vb.) analizlerinin
yapilarak karsilagtirmalarin = binanin  faydali Omrii boyunca toplam maliyetlerinin

karsilastirilmast daha gercekei karsilastirmalarin yapilmasina imkan verecektir.
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Ozet

Yiirtime analizi ile ilgili gelismeler, baz1 hastaliklarin 6zelliklede norodejeneratif hastaliklarin
teshisinde yiirlime analizinin yardimci bir faktér olarak yer almasini saglamistir. Ayagin
altindaki kuvvete duyarli sensorler yardimi ile kontrol bireylerinden ve norodejeneratif
hastalardan yiiriime isaretleri alinmistir. Bu isaretlere zaman-frekans analizi uygulanarak
hastalikl1 isaretlerin normal isaretlerden farklar1 ortaya ¢ikarilmistir. Daha sonra Yapay Sinir

Aglar1 (YSA) ile yapilan siniflandirmada patolojik isaretler %82 dogrulukla tespit edilmistir.

Anahtar Kelimeler: Yiirime Analizi, Zaman Frekans Analizi, Norodejeneratif hastalik,
Yapay Sinir Aglari.

GAIT ANALYSIS OF TIME-FREQUENCY SiGNALS iN

NEURODEGENERATIVE DiSEASES

Abstract
Developments related to gait analysis has provided help to be included as a factor, especially
in the diagnosis of neurodegenerative diseases. Walking marks are taken of the foot under the
force sensitive sensors with the aid of control members, and the neurodegenerative patients.
This signals the time-applying frequency analysis revealed differences from normal signals
disease signals. Then in the classification with Artificial Neural Networks (ANN),

pathological signs were detected 82% accuracy.

Key Wors: Gait analysis, Time-Frequency Analysis, Norodejeneratif hastalik, Artificial
Neural Network.
*Sorumlu Yazar: Omer AKGUN, oakgun@marmara.edu.tr
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1. GIRIS

Yiirlime yasamin ¢ok basit bir parcast gibi goériinmekle birlikte aslinda son derece karmasik
bir hareketler zinciridir. Uzun siire yorulmadan yuruyebilmek icin beyin, omurilik, periferik
sinirler, kaslar, kemik ve eklemler birlikte ¢alismali, eklem hareketleri, kasilmanin zamani ve
giicii yeterli olmalidir [1,2].

Normal yiirimenin karmasikligi ve c¢iplak gozle degerlendirilmesinin gii¢ligli bilim
adamlarmi ayrintili ve giivenilir inceleme ydntemleri gelistirmeye itmistir. Insan hareketinin
bilimsel degerlendirilmesi Aristo zamanmna uzanir. Aristo M.O. 350 yilinda eklem
hareketlerini kas kasilmasinin yaptirdigin1 bulmus, birkag yiizyil sonra Galen (M.S. 131-201)
kas kasilmasini sinirlerin yonettigini 6ne stirmiistiir. Ronesans doneminde Galile’nin 6grencisi
Borelli, 19. yiizyilda ise Marey insan yliriiylst ile ilgili dinamik ¢aligmalar yapmislardir [2,3].
Edweard Muybridge adli fotograf¢i ondokuzuncu yiizyil sonlarinda yiiriime analizine énemli
katkilarda bulunmustur. Yiiriime analizinin gelismesinde bir sonraki asama 1895°te Braune ve
Fisher’in fotograf goriintiilerini sayisal degiskenlere dontistiirmesidir. 1930’larda Eberhart ve
Inman fotograf makinasinin objektifi éniinde dénen delikli bir disk kullanarak bu deneyleri
daha ayrintili olarak tekrar etmislerdir. 1950’lerde baslayan calismalariyla bugiin bildigimiz
anlamda bilimsel yiiriime analizini klinik kullanima sokan arastirmacilar Verne Inman ve
Jacquelin Perry’dir. Kisisel bilgisayarlarin 1980’lerde baslayan hizli gelismesi sayesinde
klinik kullanima y6nelik yliriime analizi sistemleri gelistirilmis, satisa sunulmus ve diinyanin
birgok iilkesinde kullanima girmistir [1,2].

Buglinki anlamiyla yurime analizi, ylirimenin sayisal olarak degerlendirilmesi, tanimlanmasi
ve yorumlanmasi olarak yorumlanabilir. Her ne kadar birgok ylrime sorunu, deneyimli
hekimlerin gbzle yaptigi muayenelerle anlasilabilse de sorunu, sayisal olarak yorumlamak,
kaydedip daha sonra yeniden degerlendirmek ve yapilan tedavinin etkinligini nesnel bigimde
ortaya koymak icin yiriime analizi teknolojisi kullanmay1 gerektirir [3,4].

Bu calisma yiirime dinamiklerinin kinetik analizine dayanir. Kinetik analiz, hareketi
olusturan kuvvetlerin (yer tepkimesi kuvvetleri, eklem momentleri, eklem gugleri)
incelenmesidir. Kinetik analizde olcllebilen tek veri yer tepkimesi kuvveti vektorudir
(YTKV). YTKV kuvvet platformu denilen (Force plate) ve ayagin yere uyguladigi toplam
kuvveti Olgen basinca duyarli plakalarla 6lgiiliir. Platformun her iki yanina, 6n ve arkasina ve
icine yerlestirilmis transdiiserler kuvvet platformu ylizeyine binen yiikiin her ii¢ diizlemdeki

bilesenlerini Olcerler ve bu veriyi bilgisayara aktarirlar. Diger bir segcenek, ayagin altina

59

Nérodejeneratif Hastaliklarda Yiiriime Isaretlerinin Zaman-Frekans Analizi



Akgun et al./ Kirklareli University Journal of Engineering and Science 1 (2015) 58-65

kuvvete duyarli piezoelektrik sensorler yerlestirerek yiiriime isaretlerini kaydetmektir [1-4].

Norodejeneratif hastaliklar ve yiiriime dinamiklerinin sayisal degerlendirilmesi ile ilgili bu
makalenin kapsamina giren c¢alismalari 1997 ve 2000 yillarinda Hausdorff ve arkadaslari
yapmuslardir [5,6]. Bu ¢alismalar genel olarak yiirtime ritmi ile iligkili analizlere dayanmakta
idi. Bu caligma ise ayagin altindan alinan piezoelektrik kokenli isaretlerin zaman-frekans

analizine dayanmaktadir.

2. NORODEJENERATIF HASTALIKLAR

Norodejenerasyon, ndronlarin, yani sinir hiicrelerinin, hasar1 ve kademeli oliimii olarak
tanimlanir; bunun sonucunda ortaya ¢ikan hastaliklara norodejeneratif hastaliklar denir. En
onemli temsilcileri, Alzheimer, Parkinson, Huntington hastaliklari, ALS ve kalitsal ataksiler
olan norodejeneratif hastaliklar, gelismis iilkelerde kalp-damar hastaliklar1 ve kanserden
sonraki en sik 6liim nedenidir. Olusum mekanizmalar1 ve etkin tedavileri heniiz bulunamamis
olan bu kronik ve ilerleyici seyir gosteren hastaliklarin, giiniimiizde ancak semptomatik
tedavileri miimkiindiir. Dolayisiyla noérodejeneratif hastaliklar, modern tibbin ¢dzmeye
ugrastigi en 6nemli saglik problemlerinin basinda gelir [1,7].

Beynin farkli bolgelerini etkiledikleri i¢in, klinikte ayr1 ayr1 kimlikleri olan ndrodejeneratif
hastaliklarin, hiicre mekanizmalar1 diizeyinde biiyiik benzerlikleri vardir. Bu baglamda,
norodejeneratif hastaliklarin incelenmesinde tek bir hastaliga yogunlasmaktan ziyade, bu
gruptaki birkag hastaliin etki ve olusum mekanizmalarini anlamaya ¢alismak,

norodejenerasyon siireglerine panoramik bir bakis agis1 kazandirir.

3. UYGULAMA

14’0 Normal, 48’1 norodejeneratif hastasi olmak iizere 62 bireyden, ayagin altindaki kuvvete
duyarli piezoelektrik sensorler kullanilarak 60 saniyelik ylirlime isaretleri kaydedilmistir.
Isaretler 18000 adet dizilik x(n) ayrik isaretlerine doniistiiriilerek bilgisayar ortamina

aktarilmiglardir (Sekil 1).Bu isaretler MIT fizyolojik isaretler arsivinden alinmiglardir [8].
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Zaman
frekans bilzsaywar
i

TEL dle
suuflandirma
o — t

#7 sensdrlern

norrnal patolojik

Sekil 1- Calismanin blok yapisi ve ayagin altindaki piezoelektrik sensorler [8]

3.1. Kisa Zamanh Fourier Doniisiimii

1946’da, haberlesme alaninda ¢alisan Dr.Gabor tarafindan ortaya atilan Gabor Doniisiimii,
pencere fonksiyonu olarak tanimlanan bir sabit fonksiyonun zamanda 6telenmesiyle taranan
her hangi bir isaretin Fourier Doniisiimii alinarak, bolgesel frekans analizinin yapilmasina
olanak saglamistir. Bu durumda, pencerelenmis isaretin Fourier Doniisiimii, isaretin frekans
bilesenlerinin yaninda zaman bilgisini de icermektedir. Doniisiimde kullanilan pencere
fonksiyonu, zaman ve frekans domenlerinde sinirlt olan Gaussian fonksiyonudur. 1965°de
ortaya atilan yeni bir algoritmayla Gabor Doniisiimii, degisik pencere fonksiyonlariin
kullanildig1 Kisa Sureli Fourier Dontistimii (KSFD) olarak genisletilmistir. Bu doniistim sekli
Ozellikle bilgisayar uygulamalari i¢in ¢ok yararli bir ¢oziim olusturur. Ayrik zamanli ~ x(n) ,
n=0,1,....... ,N-1 yiiriime isaretinin KSFD’si denklem 1’de verilmistir [9-12].

N-1 N-1
X(n,w )= x(m)w(n—m)e ™™ =3"x (m)e " o
m=0 m=0

X,(m) pencerelenmis yani kisa zamanli isaret, w(n) ise kullanilan penceredir. Calismada
pencere uzunlugu 256 olarak segilmistir. X(n) yiiriime isaretlerinin spektrogramlari ise ifadesi

Denklem 2 ile hesaplanmustir.

1
Ssrer (N, W, ) :W|X(nlwk)|2 (2)
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Sekil 2°deki spektrogramlarda kirmizidan sartya dogru biiyiikliigii azalan genlik bolgeleri
gorilmektedir. Bu grafiklerden yiiriime isaretlerinin biiyiik genlik degerlerini hangi
frekanslara kadar tasiyabildigi anlasilmaktadir. Buna gore Sekil 2.a’da normal isaret i¢in
kirmizi yiiksek genlik bolgesi yaklasik 14 Hz’ e kadar uzanmaktayken, Sekil 2b’deki
patolojik isaret i¢in bu deger 4 Hz’i Sekil 2c’deki diger patolojik isaret i¢in ise 6Hz’i

bulmaktadir.
1 G0
=
= O ‘ L. 40
= 2
= o
= ‘ 3 20
2
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3.2.  Yapay Sinir Aglar ile simiflandirma

Yiirlime isaretlerinin spektrogramlarindan elde edilen yiiksek genlik degeri gosterdikleri
frekans degerleri, bir, iki, i¢ ve dort tane gizli katmani olan YSA yapilar i¢in farkli gizli
katman noron sayilari ile ileri beslemeli yapay sinir agina giris olarak verilmistir. Noronlarda
aktivasyon fonksiyonu olarak sigmoidal ve tanjant sigmoidal fonksiyonlar1 kullanilmistir.
Kontrol grubu olarak 45, test grubu olarak ise 16 veri kullanilmistir. Yapay sinir ag1 hatayi
geriye yayma algoritmasi ile egitilmistir. Egitimde ortalama karesel hata degeri bagintisi ile

denklem 3’de hesaplanmuistir.

N

£l
E=— z (3)

Bu ifade de, N degeri her bir egitilen vektor i¢in elde edilen 7 degeri, yi yapay sinir aginin |.
giris verisi i¢in ¢ikis degerini, d; ise 1. giris verisi i¢in hedef degerini gostermektedir. Bu
veriler ile yapilan YSA ile siniflandirmada yontemlerin basarimlart Tablo 1’ de verilmistir
[1,13].

4. SONUCLAR

Bu calismada, Normal isaretlerin patolojik isaretlere gore yiiksek genlik degeri gosterdikleri
anlasilmis olup, frekanslar1 da daha yiiksek degerler almaktadir (11Hz< Normal< 15 Hz, 4 Hz
< Patolojik < 11Hz). Calismada 14 Normal (N), 48 Patolojik (P1,P2,P3) yiiriime isaretlerinin
genlik degerleri ve yaklasik sinir frekans degerleri (Tablo.1) deki sonuglar elde edilmistir.

Ayrica calismada YSA ile yapilan siniflandirma sonuglarinda patolojik isaretlerin
belirlenmesindeki ortalama % 82 basarim orani degeri elde edilmistir. Yapilan ¢alisma ile
yiirlime analizi sonuglarinin STFT ve YSA analizi ile ndrodejeneratif hastaliklarin teshisinde

yardimei bir faktor olarak kullanilabilecegi anlasiimistir.
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Tablo.1: 14 Normal (N), 48 Patolojik (P1,P2,P3) yiiriime isaretinin yiiksek genlik degeri

gosterdigi yaklasik sinir frekans degerleri

Hasta
No N P1L | P2 | P3
1 |111] 98 | 98 | 64
2 134 75 | 87 | 111
3 [134] 98 |87 | 63
4 1112|199 |98 | 52
5 134] 98 | 111 | 41
6 111) 87 | 87 | 5.2
7 134 98 | 87 | 64
8 [134] 98 |98 |75
9 (193|112 | 88 | 87
10 |146| 75 | 98 | 64
11 |123| 98 | 7.7 | 64
12 123 | 75 | 123 | 64
13 |135| 76 | 88 | 75
14 |123|111| 87 | 9.8
15 75 | 88 | 64
16 75 | 87 | 86
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Abstract:

In this paper, we investigate associated curves according to type-2 Bishop frame in
E3. In addition, necessary and sufficient conditions for a curve to be a regular one are studied
to the mentioned frame. Finally we give characterization of the are length of spherical

indicatrice and inclined curve using harmonic curvature.

Key Words: Spherical indicatrix, type-2 Bishop Frame, associated curve, harmonic

curvature, inclined curve.

Mathematics Subject Classification: (2010): 53A04 , 53B30 , 53B50

Ozet:

Biz, bu makalede, 3-boyutlu Oklid uzayinda 2. Tip Bishop catisina gore baglantili
egrileri arastirryoruz. Bununla beraber, 2. Tip Bishop catisina gore bir egrinin regiiler
olmasinin gerek ve yeter kosullarini inceliyoruz. Son olarak, harmonik egrilikden
yararlanarak  kiiresel gostergelerle, inclined egrilerinin yay uzunluklarina dair

karakterizasyonlar veriyoruz.
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1 INTRODUCTION

Curves as geometical objects are one of the fundamental structures of differential
geometry. An increasing interest of the theory of curves makes researches of special curves a
development. The curves are said to be associated curves which are obtained from the
differential and geometrical relation between two or more curves. Associated curves are used
in science and engineering. For instance , some of these curves are Bertrand curves,

Mannheim curves, inclined curves, etc. There are many works on these curves (see [1], [2],

[31. [8], [10]).

In this paper, we give some new characterizations of associated curves by using type-2
Bishop frame in E3. Later, we characterize spherical indicatrices and inclined curves using
harmonic curvatures.

2 PRELIMINARIES
The Euclidean 3-space R3 proved with the standard flat metric given by
<, >=dxi + dxi + dx3

where (x4, x,,x3) is a rectangular coordinate system of R3. Recall that the norm of an
arbitrary vector aeRR3 is given by ||a|| = /< a, a >. a is called a unit speed curve if velocity

vector v of « is satisfied by ||v]|| = 1.

Let X be a smooth vector field on M. We express that a smooth curve w:I - M is an

integral curve of X if
w'(s) = Xys) 1)
holds for any sel.

Denote by {T, N, B} the moving Frenet-Serret frame along the curve w in the space
E3. For an arbitrary curve w with the first and second curvatures k and t in the space E3, the

following Frenet-Serret formulae are given
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T'(s) = k(s)N(s)
N'(s) = —k(s)T(s) + T(s)B (s) (2)
B'(s) = —t(s)N(s)

where the curvature functions are defined by k = k (s) = ||T'(s)|| and

7(s) = —<B,N >, B=—[ N(s)t(s)ds. In the rest of paper , we suppose everywhere
k#0andt#0.

The Bishop frame or parallel transport frame is an alternative approach to define a
moving frame that is well defined even when the curve has vanishing second derivative. One
can express parallel transport of orthonormal frame along a curve simply by parallel

transporting each component of the frame.

Now ,we define some associated curves of a curve w in E3 defined according to type-
2 Bishop frame. For a Frenet curve w: I — E3 , consider a vector field v given by

v(s) = a(s)T(s) + B(s)N(s) + y(s)B(s), 3)
where a, 8 and y are functions on I satisfying a?(s) + f%(s) + y2(s) = 1. Then, an integral

curve w(s) of v defined on I is a unit speed curve in E3, [8].

The type-2 Bishop frame is expressed as (see, [3])

& 0 0 —&] &
&E1=10 0 —&].]¢
B &g & 0 B
or
fi=—51B:
§ = —&B, (4)

B = g1 + £¢;.

In order to investigate a type-2 Bishop frame relation with Serret-Frenet frame, first we write
B =—tN =¢&¢; + 4%, ®)

Taking the norm of both sides (5) , we have

k(s) =22 1(s) = eI + 3 (6)
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Moreover, we may express
£,(s) = —tcosB(s), &,(s) = —sin b (s). @)

By this way , we conclude with 8(s) = arctan z_z The frame {&,, £,,B} is properly oriented,

and T and 6(s) = fOSK(s)ds are polar coordinates for the curve w(s).
We write the tangent vector according to the frame {&;, ¢,, B} as
T =sin6(s)&; — cos O(s)é,
and differentiate with respect to s, we have
T' = kN = 0'(s)(cos 0(s)&; + sin B (5)&,) + (sinB(s)&;" — cos O(s)&,). (8)
Substituting & = —&;B and &, = —&, B into (8) we have
kN = 0'(s)(cos 8(s)&; + sinO(s)E,)
In the above equation let us take 8 '(s) = k(s). Hence we immediately arrive at
N = cos 8(s)¢&; + sin6(s)é,.

Considering the obtained equations , the relation matrix between Serret-Frenet and the type-2

Bishop frame can be expressed [3]

T sinf(s) —cosfl(s) 07[¢&;
N|=|cosf(s) sinf(s) 0]|&, ©)
B 0 0 11LB

Definition 2.1. The function

_ &)
£1(5)

is called harmonic curvature function of the curve « provided that ; # 0 and &, # 0,

according to type-2 Bishop frame in Euclidean space.
Definition 2.2. The following differentiable fuction defined in an open interval

I = {t:a < t < b} in the set of real numbers
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a:l - E3

t - a(t) = (a1 (t), ay(t), as(t))

is a curve in E3 and if the first derivative of the curve is non-zero everywhere, so this curve is

called a regular curve.

Definition 2.3. Let « = a(s) be aregular curve with curvatures x and 7 . « is an inclined

curve if and only if g =constant [5].

Remark 2.1. A principal-direction (resp. the binormal-direction) curve is an integral curve of
V(s)witha(s) =y(s) =0, B(s) =1 (resp. a(s) =B(s) =0, y(s) =1) forall s, see
[8].

Proposition 2.1. [8], Let w be a curve in E3 and let w be an integral curve of w. Then, the

principal-direction curve of w equals to w up to the translation if and only if

a(s) = 0,B(s) = —cos(f 1(s)ds) # 0,y(s) = sin(f t(s)ds). (10)
For the rest of this paper, we assume that § = s without loss of generality.

3 &, —DIRECTION CURVE AND §; —DONOR CURVE; ¢, —DIRECTION CURVE
AND &, —DONOR CURVE ACCORDING TO TYPE-2 BISHOP FRAME IN E3

Definition 3.1. Let X be a curve in E3. An integral curve of &, is called &, —direction curve of

X according to type-2 Bishop frame if & —direction curve is an integral curve of (11) with

y(s) = B(s) = 0,a(s) = 1.

Definition 3.2. Let X be a curve in E3. An integral curve of &, is called &, —direction curve

of X according to type-2 Bishop frame if &, —direction curve is an integral curve of
v(s) = als)§1(s) + B(s)§2(s) + v(s)B(s) (11)
with a(s) =y(s) =0,B(s) = 1.

Definition 3.3. An integral curve of &; is called &; —donor curve of X according to type-2

Bishop frame.

Definition 3.4. An integral curve of &, is called &, —donor curve of X according to type-2
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Bishop frame.

Theorem 3.1. Let X be a curve in E3 with the curvature k and the torsion t and X be the
&, —Direction curve of X with the curvature i and the torsion T. Then, the Frenet frames of X
are T(s) = &,(s) ,N(s) = —B(s), B(s) = &,(s) and also the curvature i and torsion T of X

are given by k (s) = &;(s) and T (s) = —&.(5).
Proof. Obviously, from the Definition 3.2, we write

X' =T(s) = &(s). (12)
If we take the norm of the derivative of (12), then we obtain ,
K (s) = &(s) (13)
for e, > 0.

Differentiating (12) with respect to s , we have

N(s) = —B(s). (14)
Taking the vector product of T and N, we obtain

B(s) = &1(s), (15)
and differentiating (15), we get

B'=—-TN = —¢B, (16)
substituting N = —B into (16) we find

T(s) = —&(s). (17)

Corollary 3.1. Let X be a Frenet curve in E3 with the curvature x and the torsion t and let X
be the &, —direction curve of X with the curvature £ and the torsion T. Then, the type-2

Bishop frame of X is given by

T(s) = sin(f §2(s)ds)&1(s) — cos(f §2(s)ds)&(s),
N(s) = cos(f §2(5)ds)é1(s) + sin(f &2(s)ds)$2(s), (18)
B(s) = &(9).
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Proof. It is seen straightforwardly by using (9).

Corollary 3.2. If a curve X in E3 is a & —donor curve of a curve X with the curvature i and

the torsion T, then the torsion t of the curve X is given by

7(s) = \/Ez(s) + T2(s) (19)
Proof. If we take the squares of (14) and (17), then we have (19).

Corollary 3.3. Let X be a curve in E® with the curvature k and the torsion t and let X be the

&, —direction curve of X with the curvature x and the torsion T. Then, it satisfies

0 - _ cot 8(s).

k()
Proof. It is seen straightforwardly.

Theorem 3.2. Let X be a curve in E3 and let X an integral curve of (11). Then, the principal-

direction curve of X equals to X up to the translation if and only if « = 0 and
a(s) = — [ &(s)y(s)ds.
Proof. Differentiating a?(s) + f%(s) + y2(s) = 1 with respect to s, we get
aa' + BB +yy' =0 (20)
Similarly differentiating (11) with respect to s, we have
V= (' +ye)é + (B +rveds + (v — agy — fer)B,
since v'(s) = X"(s)= T'(s) = kN(s), X is a principal-direction curve of X, ie.,
X(s) =T(s) = N ifand only if
a +ye #0,
B +ve; =0, (21)
Y —ag — B, =0

hold. Multiplying the third equation (21); with y and the second equation in (20) with £, we
have a(a’ + £;y) = 0. Since a’ + &,y # 0, if it follows that we get « = 0 and

a(s) = — [ &,(s)y(s)ds.

Characterizations Of Some Associated And Special Curves To Type-2 Bishop Frame InE3 72



Yilmaz/ Kirklareli University Journal of Engineering and Science 1 (2015) 66-77

Theorem 3.3. Let X be a curve with the curvature k and the torsion T in E3 and let X be the
&, —direction curve of X be the &; —direction curve of X with the curvature # and the torsion
T. Then, the Frenet frames of X are T(s) = &,(s), N(s) = —B(s), B(s) = &,(s) and

curvature k and torsion T of X are determined by

K(s) = g(s) and T (s) = —&,(5).

Proof. From the Definition 3.1, we can easily obtain that

X'(s) = T(s) = &1(9). (22)
If we take the norm of the derivative of (22), then we obtain,

K(s) = &(s) (23)
for ¢; > 0. Differentiating of (22) , we get

N(s) = —B(s). (24)
Taking the vector product of T and N , we have

B = §(s). (25)
Differentiating (25) we obtain

B'= —¢,B, (26)
and substituting (24) into (26) we find

7(s) = —&,(s). (27)

Corollary 3.4. Let X be a curve in E® with the curvature k and the torsion T and let X be the
&, —direction curve of X with the curvature ¥ and the torsion T. Then, the type-2 Bishop

frame of X is given by

T(s) = sin(f §1(s)ds)¢1(s) — cos(f §1(s)ds)E,(s),
N(s) = cos(f §1(s)ds)§1(s) + sin(f &1 (s)ds)E(s),
B(s) = &(s).

Proof. It is seen straightforwardly by using (9).

Corollary 3.5. If acurve X in E3 is a & —donor curve of a curve X with the curvature i and
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the torsion T, then the torsion t of the curve X is given by

7(s) = \/Ez(s) + T2(s) (28)
Proof. If we take the squares of (23) and (27), then we have (28).

Corollary 3.6. Let X be a curve in E3 with the curvature k and the torsion T and let X be the

&, —direction curve of X with the curvature x and the torsion T. Then, it satisfies

T _
o tan 8(s).

Proof. It is seen straightforwardly.

4 CHARACTERIZATION OF SLANT HELICES ACCORDING TO TYPE-2
BISHOP FRAME IN E3

Let us denote the tangent, the principal normal, and the binormal indicatrices of curve a with
aq, a, and a5 respectively. The following properties must be taken into the consideration for

spherical indicatrix of curve a to be a regular curve

. . d
i) The curve a; is regular & ”%

=g #0,sincea; =& =——=—&B

.. .. R d R
i) Similarly the curve a, is regular & ”% =g, # 0, since
daz
= = — = —
a; =&, ds B

= /&% + &2 (5 #0,e, # 0) since

_ .
iii)  Also, curve as is regular ”%

da
as =B =>d_: = &1+ &5,

4.1 The arc-length of the tangent indicatrices of the curve a
Let &, (s) = &(s) be the tangent vector field of the curve
a:l cE - E3

s - a(s)

The spherical curve of a;lzf on S? is called tangent indicatrices of a. Let s be the arc-length
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[— . daf d R
ag, (551) = &,(s). Letting Fgl = 5151 we have Tf1 = (—&B) ds: . Hence, we obtain
1

1

4.2 The arc-length of the principal normal indicatrices of the curve a
Leté, = 5’(5) be a principal normal vector field of the curve
a:1c E - E3
s - a(s)

The spherical curve ag, = 5’ on S2 is called principal spherical indicatrices for a. Let s € 1

be the arc-length of . If we denote the arc-length of ., by szwe may write

d

_ — . afz _ _ ds
ag, (ng) = &,(s). Moreover, letting ase, 5152, we have sz = (—&B) a5, Hence we
get
dSs
dSZ = 82.
If the harmonic curvature of a is H = =, then we get Sy = [ ds +c.
1

4.3 The arc-length of the binormal indicatrices of the curve a
Let B = §(s) be the binormal vector field of the curve
a:1cE - E3
s = a(s)

The spherical curve ag = B on S2 is called binormal indicatries of « . Let s € I be the arc-

length parameter of «. If we denote the arc-length parameter of ay by sg, we may write

ap(sp) = B(s).

Moreover, letting % = Ty, we obtain Tz = (&:&; + €¢,) dde. Obviously, we end up
B B
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dSB _ 2 _
E—\/c‘fl +€2 =T.

In this case, we give the following result. If t is the second curvature of the curve a:1 - E3,

then the arc-length sg of the binormal a of « is sy = [ tds.

If the harmonic curvature of ¢ is H = Z—Z then we get sz = [ &,V1 + H? ds.

1 )
Thus we can give the following theorem:
Theorem 4.1. If the curve a c E3 is an inclined curve (general helix), then H is constant.

Proof: From the equation (7), then we can write

2 = tané. (29)

&1

Differentiating with respect to s we have
€2y 1= 2py 40
(81) =(1 + tan“6) - Or

2y =1+(2) 1L

€1

Rearrangement of this equation, we get

o D
ds 1+ &7 (30)
and using H = =2 in (30), we obtain
1
a9 H
ds  1+H?Z (31)

integrating (31), we find

0=[—ds

1+H2 7’

since H' = Z—I: implies H'ds = dH, then we have 8 = arctan H + c, where c is a constant.

If the curve «a is an inclined curve, then from (29) 8 is constant, i.e.,

arctanH = 6 — ¢ = constant. (32)
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Rearranging (32), we have H = tan(6 — c¢) = constant.Hence, the proof is completed as
required.
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ON CHARACTERIZATIONS OF SOME SPECIAL CURVES OF
SPACELIKE CURVES ACCORDING TO THE TYPE-2 BISHOP
FRAME IN MINKOWSKI 3-SPACE
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Abstract:

In this paper, first we give a characterization of spacelike inclined curves according to
the type-2 Bishop frame in Minkowski 3-space, and then define rectifying curves of spacelike
curves according to the type-2 Bishop frame in Minkowski 3-space as their position vectors

always lie in the orthogonal complement Q", of their vector field Q,. Moreover we
characterize Bertrand curves in the same space via the new frame. In particular, we study
Mannheim partner curves according to type-2 Bishop frame in E; and express such curves in

terms of their curvature functions.

Key Words: Rectifying curve, Mannheim curve, Bertrand curve, type-2 Bishop frame,

inclined curve, Minkowski 3-space.

Mathematics Subject Classification: 53A05, 53B25, 53B30

Ozet:
Biz, bu makalede, dncelikle 3-boyutlu Minkowski uzayinda 2. Tip Bishop catisina

gore spacelike inclined egrilerinin karakterizasyonunu verip, ayrica konum vektorleri daima,
Q, vektdr alaninin dik tiimleyeni olan Q,* de yatan rektifyan egrilerini tanimliyoruz. Buna ek

olarak, ayn1 uzay ve cat1 kullanilarak Bertrand egrileri karakterize edilir. Ozellikle, Mannheim

egrileri arastirilir ve egrilik fonksiyonlari cinsinden bu tip egriler ifade edilir.
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1 INTRODUCTION

One of the fundamental structures of differential geometry is curves. It is safe to

report that the many important results in the theory of the curves in E® were initiated by G.

Monge; and G. Darboux pionnered the moving frame idea.

At the beginning of the twentieth century, A.Einstein’s theory opened a door of use of
new geometries. One of them, Minkowski space-time, which is simultaneously the geometry
of special relativity and the geometry induced on each fixed tangent space of an arbitrary

Lorentzian manifold, see [19], [20].

One of the interesting problems is the problem of characterization of a regular curve in
the theory of curves in the Euclidean and Minkowski spaces, see, [1], [3], [4]. In the solution
of the problem, the curvature functions of a regular curve have an effective role. It is known
that we can determine the shape and size of a regular curve by using its curvatures and .
Another approach to the solution of the problem is to consider the relationship between the
corresponding Frenet vectors of two curves, see, [8], [10], [11], [12]. For instance, Bertrand
curves and Mannheim curves arise from this relationship, see, [5], [14], [17]. They adapted

the geometrical models to relativistic motion of charged particles, see, [6].

Bishop Frame which is also called alternative or parallel frame of the curves was
introduced by L.R. Bishop in 1975 by means of parallel vector fields. Recently many
researches related to this subject have been made in Euclidean space, see [13],[16],

Minkowski spaces see [2], and in dual space, see [15].

Bishop and Serret-Frenet frames have a common vector field, i.e., the tangent vector
field of Serret-Frenet frame. The construction of the Bishop frame has some advantages when
comparing with the Frenet frame in Euclidean 3-space, see, [13]. That is why he defined this
frame that curvature may vanish at some points on the curve. That is, second derivative of the
curve may be zero. In this situation, an alternative frame is needed for non continously
differentiable curves on which Bishop (parallel transport frame) frame is well defined and

constructed in the Euclidean and its ambient spaces.
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In this work, using common vector field as the binormal vector of Serret-Frenet
frame, we define a rectifying curve of a spacelike curve according to type-2 Bishop frame in

Minkowski 3-space as its position vector always lies in the orthogonal complement Q*, of its
principal vector field Q,. Moreover we characterize Bertrand curves in the same space. In
particular, we study Mannheim partner curves according to type-2 Bishop frame in E; and

express such curves in temrs of their curvature functions. Finally we give a characterization

regarding to inclined curves according to type-2 Bishop frame in E; -

2 PRELIMINARIES

To meet the requirements in the next sections, here, the basic elements of the theory of

curves in the Minkowski 3--space E; are briefly presented.
The three dimensional Minkowski space E; is a real vector space E* endowed with
the standard flat Lorentzian metric given by
(), = —dx? +dx} +dx;,
where (x,,X,,X,) is a rectangular coordinate system of E’. This metric is an indefinite one
[19]. Let u=(u,u,,u;) and v=(v,V,,V,) be arbitrary vectors in E}, then, [20], the

Lorentzian cross product of u and v is defined as

-i j k
uxv=—dettu, u, ul
Vl V2 V3

Recall that a vector ve E} has one of three Lorentzian characters such as: it is a
spacelike vector if (v,v)>0 or v=0; timelike (v,v)<0 and null (lightlike) (v,v)=0 for
v=0. Similarly, an arbitrary curve o = a(s) in E; can locally be spacelike, timelike or null

(lightlike) if its velocity vector «' are ,respectively, spacelike, timelike or null (lightlike), for

every sel c R [20].
The pseudo-norm of an arbitrary vector aeE; is given by [a] = JKa, a)‘. The curve

a = a(s) is called a unit speed curve if its velocity vector ¢ is the unit one, i.e., ||a' || =1. For
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the vectors v,we E}, they are said to be orthogonal eachother if and only if <V,W>:0.
Denote by {T,N, B} the moving Serret-Frenet frame along the curve « = «(s) in the space
E} [20].

For an arbitrary spacelike curve o = a(s) in E?, the Serret-Frenet formulae are given as

follows
T 0 ~ O|T
N [=|m 0 z|N (1)
B 0O r OB

where y =¥1, and the functions « and 7 are, respectively, the first and second (torsion)

curvature and also

T(9) =a (5)N(s) = T,;f)) B(s) = T(5)x N(s) and o(s) = @ @ @)

K*(s)

e If y=-1, then «(s) is a spacelike curve with spacelike principal normal N

and timelike binormal B, and its Serret-Frenet invariants are given as

K(s) = (T (), (s))andz(s) = ~(N'(s), B(s)).
o If y=1, then a(s) is a spacelike curve with timelike principal normal N and

spacelike binormal B, also we obtain its Serret-Frenet invariants as

K(s) = \/—<T' (3).T'(s))andz(s) = (N'(s), B(s)).

The Lorentzian sphere S? of radius r >0 and with the center in the origin of the
space E; is defined, [19], by
${(N={p=(p, P, p:)cE':(p.p)=r}.

81

On Characterizations of Some Special Curves of Spacelike Curves According to the Type-2 Bishop Frame in Minkowski 3-space



Unluturk/ Kirklareli University Journal of Engineering and Science 1 (2015) 78-93

Theorem 2.1, [2], Let a = a(s) be a spacelike unit speed curve with a spacelike principal

normal. If {Q,,Q,, B} is an adapted frame, then we have

Qll 0 0 681 Q1
Q'z = 0 0 _52 Qz . (2)
B _51 _‘fz 0 B

Theorem 2.2 Let {T,N, B} and {Q,,Q,, B} be Frenet and Bishop frames, respectively. There

exists a relation between them as

T sinhd(s) coshéd(s) 0| Q,
N |=|coshéd(s) sinhd(s) O] Q, (3)
B 0 0 1| B

where @ is the angle between the vectors N and Q, [2].

Using (2), we have
B =N = —&€) — &0,

and taking the norm of both sides, we find

r= \[‘522 _512‘1

and

=1

(E1)2 - (52!
T T

By (5), we express

& =1(s)cosh 6(s), &, = z(s)sinh 4(s). 4)

The frame {Q,,Q,,B} is properly oriented, and 7 and 9(s)=jx(s)ds are polar
0
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coordinates for the curve a = «(s). We shall call the set {Q2,,Q,,B,&,,&,} as type-2 Bishop
invariants of the curve o = «(s) in E;.
Definition 2.1. Let o = a(s) be a spacelike curve in E’and V, be the first Frenet vector field
of o . If
(V,, X)=cosh @, (constant), (5)

for a constant unit vector field X e y(E?), then « is called a general helix (inclined curve) in
E’ [18].

Definition 2.2. Let {&, " } be Bertrand curves in E}, these curves are said to be Bertrand

curves such that they satisfy the following relation:

a=a + AN,

where N” is the principal normal vector of the curve «” and 4 eR.

Definition 2.3. Let {&, «” } be Mannheim curves in E}, these curves are said to be

Mannheim curves such that they satisfy the following relation:

a=a +1B",

where N is the principal normal vector of the curve o and 1 eR.

3 ON CHARACTERIZATIONS OF SOME SPECIAL CURVES OF SPACELIKE
CURVES ACCORDING TO THE TYPE-2 BISHOP FRAME IN E;}

In this section, we study characterizations of some special curves such as inclined, rectifying,

Bertrand curves.

3.1 A characterization for inclined curves according to the type-2 Bishop frame in E}

Definition 3.1. Let « — E;’ be acurve in E?, the function

&, (8)
H(s) = 6
(s) £6) (6)
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is called harmonic curvature function of the curve « provided that &£ =0and¢&, #0
according to the type-2 Bishop frame in E;.

Theorem 3.1. If the curve « — E; is an inclined curve, then the harmonic curvature H is

constant.

Proof. From (5), we write that

£(5)

= tanh ¢(s), (7)
& (s)
and differentiating (7) with respect to s, we find
(52
d_¢ = —él (8)
dS 1_ (é)Z ’
&
and using H(s) = £(5) in (6), we get
&i(s)
do H
= 9
ds 1-H? ®)
and integrating (9), we reach out
H
Q= jl— T ds.

The solution of this integral is found as follows:
H-1
H+1

1
==In +c,
9= ( )

where c € R. If the curve « is an inclined curve which satisfies (7), then ¢ is a constant. As

a result, we obtain that

_1+e*

1_ o2 =constant.
—€

Hence, the proof is completed.

3.2 Rectifying curves according to the type-2 Bishop frame in E;

In the Euclidean space, rectifying curves were introduced by B.Y. Chen in [3] as space curves
whose position vectors always lie in its rectifying plane spanned by the tangent and the

binormal vector fields of the curve, i.e., T and B, respectively. Accordingly, the position
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vector with respect to a chosen origin of a rectifying curve « in E® satisfies the equation

a(s) = A(S)T(s) + u(s)B(s),

where A(s) and u(s) are arbitrary differentiable functions in arc-length parameter se | c E

[1]. In this section, we define rectifying curves according to the type-2 Bishop frame in

Minkowski 3-space in analogy to its Euclidean case. Position vector of the rectifying curves

always lies in the orthogonal complement Q, of its principal normal vector field Q.

Consequently, the complement Q; is given by

a(s) = A(s)€,(s) + u(s)B(s) (10)

for the differentiable functions A(s) and w(s) in arc-length parameter s.

Next, we characterize rectifying curves according to their curvature functions &, £, and then
give the necessary and sufficient conditions for an arbitrary curve to be a rectifying curve in

E’. Moreover, we obtain an explicit equation of rectifying curve in E;.

Theorem 3.2. There is a rectifying curve of a spacelike curve according to the type-2 Bishop

frame in E} if and only if its position vector is as:

X () = a(s) + ([£.(8) #()d8) (5) ~ (& (5)A(s)ds) B(s).

Proof. Assume that there is a rectifying curve of a spacelike curve according to the type-2
Bishop frame in E?, so the equation (10) is satisfied. Differentiating (10) with respect to s,

and using Bishop equations (2) in it, we reach

T(s) = (2 (8) = &1(8) u(8)) 2 () = &, (5) u(8) €2, (5) + (£,(S)A(8) + 14 (8))B(S),

and it is followed by

A (s) =&, (s)u(s) =0,
&, (s)u(s) =0, (11)
& ()A(s) + 4 () =0,
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so we easily get
22(s)+ u*(s) =c,
A(s) = & (9)u(s)ds, (12)
u(s) = — jgl(s)z(s)ds,

where ceR. Thus, the functions A(s) and u(s) are expressed in terms of the curvature
functions &, (s) and &,(s). Moreover, using the last equation in (11), and the relation (12),

we easily find that the curvatures & (s) and &,(s) satisfy the equation

(—[&(S) u(s)ds)& (5) + (& (5)As)ds)&, (s) = F(We— 4. (13)

Conversely, assume that the curvatures & (s) and &,(s) satisfy (13), then the position vector

X of rectifying curve is given by

X () = a(s) + ([£.(8) #()dS) (5) ~ ([ & (5)A(s)ds) B(). (14)

3.3 Bertrand curves of the spacelike curves according to the type-2 Bishop frame in E;

Definition 3.2. Let a and «" be regular curves according to the type-2 Bishop frame in E;3,

these curves are said to be Bertrand curves such that they satisfy the following relation:

a’=a+lQ,, (15)

where Q, is the vectorand | e R

Theorem 3.3. A spacelike curve according to the type-2 Bishop frame in E; does not admit a

Bertrand mate curve.

Proof. Taking the norm of (15), and then differentiating it, we have

i(IZ) = i(a* —a)=2(a"-a)(a" —a). (16)
ds ds
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Using the following expressions

a” =T* =sinh6Q; —cosh6Q},

. : (17)
a =T =sinh&Q, —coshéQ,,
which are obtained from in (16) through using (2), we get
diaz) = 2(a” — a)(sinh 6 —cosh 6, —sinh 6, +cosh 602,), (18)
S
and rearranging (18), we find
dia 2) = —A(cosh 6 — cosh 6). (19)
S
If we take =6 in (19), then @ is constant, and also «* = «.
Let's continue to study by differentiating T*.T with respect to the parameter s, then we have
d * ' * !
—(T'T)=T"T+T"T,
ds
and using Frenet derivative formulae we get
d * — * A * H A
E(T T) =«"[cosh Hfmh 60, Q) —cosh Hsilnh 0] (20)
+ x'sinh @ cosh A, Q, —cosh @sinh 4].
Using trigonometric transformation formulae, and rearranging (20), we find
d . .
E(r T) = xsinh 26(cosh ¢ 1), (21)
since
Q; = cosh ¢Q, +sinh ¢B,
where ¢ is the angle between the vectors Q, and B. In (21), if =0, we get
f=0o0r¢p= %,or if =0, weobtain #=0o0r¢ = % In this case, we can write that
Q=B
Conversely, let's take
T'T=0 (22)
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and (15) into consideration, then differentiating (15) gives

da” ds’
B 1T I(-£B)T =0, 23

or

*

T*%:TH’QZ—I@B

and inner product of this expression with T using (23) in (22), we end up with

ds _
ds”

This is a contradiction. Also, if ¢ # %,0 =0 and x = 0, then

Q =-Q,andQ; = Q,. (24)

Finally, the result (24) contradicts with the following relation
Q,=Q,

which is a defintion of Bertrand curve.

4 MANNHEIM CURVES OF THE SPACELIKE CURVES ACCORDING TO THE
TYPE-2 BISHOP FRAME IN E}

It is well known in differential geometry that If there exists a corresponding relationship
between the space curves a and «” such that the principal normal lines of « coincide with
the binormal lines of «" at the corresponding points of the curves, then « is called as a
Mannheim curve, and «" is called as a Mannheim partner curve of « . The pair of {a, a'} is
said to be a Mannheim pair [17].
Definition 4.1. Let o and «" be regular curves according to the type-2 Bishop frame in E?,
these curves are said to be Mannheim curves such that they satisfy the following relation:

a=a" +1B", (25)

where B” is the binormal vector and 1 € R.
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Theorem 4.1. Let  and o be spacelike curves according to the type-2 Bishop frame in E_.
The curve «” is a Mannheim curve such that {&, «'} is a Mannheim pair.
Proof. For curves to be Mannheim pair according to the type-2 Bishop frame in E}, the

vectors Q, and B* have to be linearly dependent. Thus, from (25), we easily find that
a’ =a-1Q,. (26)

Theorem 4.2. The distance between the corresponding points of Mannheim partner curves

according to the type-2 Bishop frame in E; is constant.

Proof. Let {&, «'} be a Mannheim pair, then differentiating (25) and using (2), we obtain

dS * * * * ! *
Q e =(1-A&)) - A6,Q,+ AB". (27)

Since Q, and B” are linearly dependent, using

we get

Thus, A is a non-zero constant. On the other hand, the distance function between these points
IS

d(a(s),a’(s") =|a(s)-a’(s")

-|pe

=|4|

Theorem 4.3. Let {&, «'} be a Mannheim pair according to the type-2 Bishop frame in E’,
then there is a relation between the Bishop curvatures of the curvatures of the curves « and

a” as follows:

*2 *2

= 1 2 ) 28
> J (&) —0-18) )
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Proof. Let {&, '} be a Mannheim pair according to the type-2 Bishop frame in E’, then

considering non-zero constant A in (27), we have

ds

Q —
1dS*

= (1-46))Q) - 16,9, (29)

and also we know that the following relation holds

Q, = cos ¢ +sin ¢, (30)

where ¢ is the angle between the vectors Q, and Q; at the corresponding points of the

curves  and «". Using (30) in (29), we get

ds* . ds”
cosp = (1- A& . Sinp=-A& —. 31
¢ =(1-14) o @ & ™ (31)
Differentiating (26) gives
. ds ds
Ql = QIE'F//LéZBE, (32)

and also we know that there is the following relation

B = cosh Q)] +sinh ¢35, (33)

using (30), (32), and (33), we find

. —sinh sin
Q) = (< L0+ (< 2 ____ B (34)
sin ¢ cosh ¢ — cos g sinh ¢ sin ¢ cosh ¢ —cos psinh ¢

Also considering (34) together with (32), we get
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LA —LL , (35)
ds® cosgsinh ¢ —sin @ cosh ¢
sin
2= (36)
sinh ¢
and
ds sin
AE,— = — ¢ (37)
ds® singcosh g —cosgsinh @
Using (31) and (36) in (37), we reach
sinhp=29"  coehp=o 9 (38)
£, ds £, ds
and
di = * 12 2 %2 " (39)
ds (I-A&)) + A&,
From (38) and (39), we have the equation (28).
Corollary 4.1. There is the relation as
2= (40)
S U
and also the curvatures of the curve «" are obtained
. _ oz «_ Oou
=, = 41
& 2o S Ao—p) (41)
where o =tang, u =tanh¢, and 1 €R.
Proof. From (31), we have
tanh p& — &, = 0. (42)

Putting tanh ¢ = x, (42) turns into
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pé =& =0. (43)
From (31), we find
cotp=— l*+§1*, (44)
A8, &
o 1
substituting cote = —, we have
O
«_ O
=" Ao-a)

The curvature & is also found in the same way.

Corollary 4.2. Let {&, ’} be a Mannheim pair according to the type-2 Bishop frame in E/,

then the curvature & of the curve « as follows:

= S"n_(”d_(” (45)
cosh ¢ ds
Proof. From (30), we find that

<Ql, QI> = COS . (46)

Differentiating (46) with respect to s*, we find

* %y * H d(D

B,Q)+(Q,,&5 B )=-sIn . 47
(6B,91)+(0,£87) = —sing-_ (47)

Using (33) in (47), we reach the result (45).
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