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I yol o]
¥zelli kl erinin ArakKkteér é

| mas ¢

Berfin' EaDejgtDr . ¥Jretim 'vesi Burcu Emine T
L Akdeniz University, Faculty of Scien&plogy Department, Antalya, Turkey

CorrespondingauthoBur cu Emi ne Tefon ¥zt g¢¢rk

¥zet

Kombu - ayé, sajl eja faydalé etkil eri nedeni yl
ve son zamanlarda ol duk-a pop¢lierecle&l eas@dli &kn ¢
bakteril eri vV e mayanén Ssimbiyozunu i -eren, 1
fermant asyonudur . Boastusgkmadd haVYetex baghusi I
kombu -ayé fermantasyonul gekomlkh ekday & i0 mik,t ild
toplam fenolik ve flavonoid madde i-eriji, m
antioksidan ve duyusal ©°zellikler a-éséndan dej
kombu -ayé dgeel enertkesedaha exgksek antioksidan ak
fenoli k madde i-erijine sahip ol muktur. Her i
antibakteriyel etkinliji, fermantasyon s¢resi

dzeyde ol muktur. Duyusal analizler ise hayét ar

gostermi ktir.

Anahtar Kelimeler: Antibakteriyel, antioksidan, kombucha, duyusal analitex agnuscastus
L. (hayet) .

Investigation of Biological Activities and Sensory Properties of Chasteberry Flavoured
Kombucha

Abstract

Kombucha is a fermented beverage that is appreciated by people all over the world for its
beneficial effects on health and has recently become very popular. It is a traditional fermentation
of sweetened black tea that contains a symbiosis of acetic atidiband yeast. In this study, a
21-day kombucha fermentation was carried out using the plant Vitex -agstiss L.
(chasteberry). The total phenolic and flavonoid content of chastefteropured kombucha was
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evaluated for microbiological profile, anéibterial activity, antioxidant and sensory properties on
days 0, 7, 14 and 21. According to our results chasteberry flavoured kombucha had higher
antioxidant activity, total flavonoid content, and phenolic content than the traditional beverage.
The antibaterial activity of both beverages against the bacterial strains used increased during the
fermentation period and was highest at the end of fermentation. Sensory analysis showed that the
taste of kombucha with chasteberry aroma can be improved.

Keywords: Antibacterial, antioxidant, kombucha, sensory analySitex agnuscastus L.
(chasteberry).

1.Introduction

Chasteberry belongs to therbenaceaéamily and is a shrub native to parts of Asia and
the Mediterranean region (Rashmeei et al., 2020). It is widely used as a traditional medicine due
to its many benefits to human health (Daniele et al., 2005; Arokiyaraj et al. 2009). This herb has
been usé for more than 2500 years for the treatment of various ailments. Especially in European
region, it is used for gynecological ailments such as menstrual irregularity, uterine bleeding,
breast discomfort, fibroids, infertility and ache (RoemHkd&inm, 2005) Chasteberry has
antifungal, antimutagenic, high antioxidant capacity and antibacterial activity (Sahib et al., 2014,
Souto et al., 2020). In addition, many of the compounds (vitexin and casticin, etc.) it contains
provide the plant with a high artiffammatory and lipoxygenase inhibitory capacity (Choudhary
et al., 2009; Ogaly et al., 2021).

In recent years, consumption of fermented beverages is one of the rising trends in diet.
Kombucha is a popular traditional fermented beverage that is highly appdeoiaconsumers
due to its beneficial effects on health. It is traditionally produced by fermenting sugar and black
tea Camellia sinensjsthrough a symbiotic culture of acetic acid bacteria and osmophilic yeasts
(Battikh et al. 2012, Jayabalan et al12Q The final product is a slightly sweet and acidic
beverage. After kombucha fermentation has started as a result of the metabolic activities of the
microorganisms, a cellulosic biofilm layer (SCOBY) is formed on the surface (Chu and Chen
2006, Chakravdy et al. 2016). Fermentation is initiated by inoculating a certain number of
microorganisms from the biofilm membrane and the liquid part of the previous culture into the
freshly sweetened black tea. This new cultural environment is usually fermenied4atays
under aerobic conditions. The main carbon source in the environment is sucrose, which is
converted to glucose and fructose by the microorganisms during fermentation (Blanc, 1996).

Aromatic fermentation with different plants is now widely used etthance the
antimicrobial and antioxidant properties of kombucha (Ayed and Hamdi 2015, Ulusoy and Tamer
2019, Vitas et al. 2019). Fermenting kombucha with different herbs depending on the plant used
in the bacterial and yeast population allowsittov&k(ar ca and Tomar 2018, D e
et al. 2019)Due to its beneficial effects on human health and because it has not been previously
used for kombucha fermentation, chasteberry was selected for this purptss. study, the
microbiological profile, antibacterial and antioxidant activity, total phenolic content, total
flavonoid content and sensory properties of kombucha fermented with chasteberry were
investigated and compared with traditional kombucha.

.2. Material and Method
2.1 Kombucha Fermentabin

In this study, a | ocal i sol ate (Muratpacka, An
samples were prepared according to Marsh et al. (2014). Firstly, 1 L of water boiled with 90 g
sugar. In the boiling water, 5 g of black tea (Lipton, Turkey) wag@aed brewed for 3 min.
Then the prepared medium was cooled to room temperature and filtered. ChasiEbmirgd
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kombucha drink was prepared by adding 90 g of sugar to 1 L of boiling water, along with 5 g of
black tea and chasteberry. While the cukunere prepared, 2% of the kombucha biocellulose
layer was added to each glass bottle and 10% from the liquid portion. Fermentation started at
room temperature and cultures were stored in shade. The pH, antibacterial and antioxidant
activities, total pherle and flavonoid content, microbiological profiles and sensory
characteristics of the samples produced on 0, 7, 14 and 21 days of fermentation were analysed.

2.2 Microbiological Profile Analysis

The microbiological profiles of traditional kombucha and chasteberry flavoured kombucha
were analysed on days 0, 7, 14, and 21 of fermentation. For microbiological analysis of the
fermented kombucha samples, samples were taken from the fermentationivesselmogeneous
manner and serial dilutions were prepared with 0.85 NaCl (Sigma Aldrich, USA). Glucose Yeast
Extract (GYC) was prepared for counting acetic acid bacteria (AlS&EmM, 2012). Yeast Extract
Glucose Chloramphenicol (YGC) (Merck, Germanygswised for counting yeasts (Coton et al.,
2017). De Man Rogasa Sharp Agar (MRS) (Merck, Germany) was used for cawatiobacillus
and Plate Count Agar (PCA) (Merck, Germany) was used for determining mesophilic bacterial
colonies (Coton et al., 2017).ftAr the serial dilution of the samples was prepared, they were
inocul ated into the selective medium. After 1inc
five days and the YGC plates at 25AC, the col o
(CFU/mL) per millilitre were determined according to

Eq. 10 Q (1)

8
In this equation, d; denotes the most concentrated dilution ratio of two consecutive dilutions, nl1;
denotes the number of petri dishes prepared with the first dijutByrdenotes the number of petri
dishes prepared with the second dilution, N; denotes the total number of microorganisms per 1
millilitre, V; denotes the volume of solution transferred to the counted petri dishes (mL) C; denotes
the total number of coundecolonies in the petri dishes (Halkman, 2000).

2.3. pH measurement
pH valueson days 0, 7, 14 and 21 measured with a digital pH meter (Isolab, Germany).

2.4 Antibacterial Activity and Bacterial Strains
Antibacterial activity was determined by using the disc diffusion method (Bauer 1966).
Klebsiella pneumonia¢ATCC 13883),Staphylococcus aurey®&TCC 29213),Bacillus cereus
(DSM 22648),Pseudomonas aeruginogATCC 27853),Staphylococcus epidermid{&=TCC
12228) andescherichia col(ATCC 35218) strains were used for the experiments.

Bacteria solution (Merck, Germany) set to 0.5 McFarland in 0.85 NaCl (w/v) and spred on
Nutrient Agar (NA) (Merck, Ger many) regaaded u m. St e
on blank antibiotic discs (Bioanalyse, Turkey)
(Sigma Aldrich, USA) and 20 OL of 30 Og/mL kana
positive controls in the experiments. Petri dishes were inadlibata t 37AC for 24 hou
diameters of the zones of inhibition were measured. The experiments were repeated 3 times.

2.5 DPPH radical capture experiment

The ability of fermented kombucha beverages to trap free radicals containidigtiRyl1-
picrylhydrazyl (DPPH) was measured as described by Von Gadow et al. (1997). The liquid portions
of the samples of kombucha cultures were collected on the"D 14", and 2% days and
centrifuged at 3200 rpm. Then Osadples(OVs Usd)yr e si ze
4 mL of methaolic DPPH solution (Sigma Aldrich
samples. The prepared samples were kept in the dark at room temperature for half an hour. The
absorbance values were measured by a spectrophotgmé&@d0 Optical Instruments, China) at
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516 nm and the radical scavenging capacity it was calculated from the measured samples using the
following equation (%) (Hrnjez et al. 2014).

[(A(control) T A(sample)) / A(control)] x 100
A(control); absorbance of éblank sample
A(sample); absorbance in the presence of samples

2.6 Total Phenolic Content (TPC)

The described method of Gkerget et al. (2005)
of the kombucha beverages. FC reagent it was prepared accordnegpi@tocol of Singleton
and Rossi (1965). 2.5 mL of the 1:10 diluted F
vortexed. After 2 min. of incubation, 2 mL of 7.5% K& (Merck Darmstadt, Germany) was
added, vortexed for 30 seconds, and stored at
760 nm and TPC of the samples was calculated a

2.7 Total Flavonoid Content (TFC)

The amount ofotal flavonoid content of the samples was determined using the aluminium
chl oride colorimetric method (Dwioputri and Fer
sterilized samples were mixed with 1AElzsmL of me
(Merck, Germany), 100 OL of 1 M potassium acet
water was added to the mixture and incubated a-
at 415 nm, the mL TFC of samples was expressed as quercetinieue nt  ( QE) i n Og/ ml

2.8 Sensory Analysis
The blind test was conducted with twenty participants aged between 18 and 40 years, selected
from Akdeniz University campus. As these were blind tests, the participants were not informed
about the contents of the beages. Participants rated the drinks on-poBit hedonic scale in
which 1 represents very bad and 5 represents v

2.9 Statistical Analysis

Al scores were expressed as mean N S.D of t
analyses were evaluated with Oneway ANOVA using IBM SPSS 22 software (SPSS, USA).
Statistical significance was set at p <0.05.

3. Results and Discussion
3.1 Microbiological Profile Analysis

The total number of aerobic mesophilic bacteria, acetic acid bacteria, yeasts and
Lactobacillus on the Oth, 7th, 14th and 21st day of traditional kombucha cultures and chasteberry
flavoured kombucha cultures are shown in Table 1. Accordingly, the totddemunh aerobic
mesophilic bacteria, acetic acid bacteria, yeasts laanttobacillus in all samples before
fermentation was d&atnedr @iflimE)The buturewshavad tHe highéstl 0
valueson day 14, except for the total mesophilic baateAfter the day 14, these valwbscreased.

The chasteberry flavoured kombucha sample showed the highest value in total mesophilic
bacteria on the 21day.
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Table 1.The number of microorganisms belonging to the), 14" and 2%'days of chasteberry
flavoured kombucha and traditional kombucha cultures

DAY 0
Lactobacillu Yeast T™MB AAC
S
K 3NO, 651, 8NO°, 3NO, CE2N0O, 0D
DAY 7
K 1, 45N0 8NOFP1 1,15N01, 05KN0
0’ 10 0’
KC 1,85N09,05N07,50N01, 05KN0
107 10° 6 0’
DAY 14
K 1,35No 1,£No, 1NO, 't 1, 6 NOI
KC 1,98N01,75N01,81N0 1, 7N0I
10 0’ 10
DAY 21
K 1,%gNo 7, 6 NO°, 1,%No, 8NO, 51
KC 1, 1N0°, 1Nof1 2,9N0, 1, 15NC¢C

(TMB= Total mesophilic bacterjadAAC= Acetic acid bacteriaK= Traditional kombucha, KC=
Chasteberry flavoured kombucha)

Consequently, the cultures generally showed the highest values"atay4nd these
values remained between®410’ on the 21 day. In their study, Zhao et al. (2018) found that that
the total number of bacteria increased until thel&y and the yeasts increased until theldy,
and after these days, the number of microorganisms decreased. In our study, the highest yeast
values of traditional kombucha and chasteberry flavoured kombucha were recorded dh the 14
day and fluctuated between®shd 10 on the 21'day. Similarly, Teoh et al. (2004) in their study
showed that the yeast concentration after fermentation rangedebet®eand 10, but unlike
them, the highest levels of cultures were recorded on'tdeand 8 day. Coton et al. (2017)
showed that the concentration of total aerobic bacteria, lactic acid bacteria, yeast and acetic acid
bacteria increased over tirdering the 8day fermentation of kombucha samples fermented with
both green and black tea. In another study similar to ours, acetic acid and yeast concentrations
were shown to increase over time after fermentat®@nedramulu et al. 2000Cardoso et al.
(2020) stated that after 10 days of kombucha fermentation, the number of acetic acid bacteria,
lactic acid bacteria, mesophilic bacteria and yeast wad @fafu/mL. At the same time, they
emphasized that this increase in microbial load of kombucha cewdédto the amount of sugar
and SCOBY used in the preparation of their cultures.

3.2 pH measurement

The pH changes of the cultures as a function of fermentation time are shown in Table 2.
Overall, the traditional kombucha was more acidic than the chastdis/oured kombucha
during the fermentation period. After fermentation, the pH values of the kombucha cultures
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decreased over time and on day 21 of fermentation, the traditional kombucha was the culture with
the highest acidity (pH 2,5).

Table 2.pH values of kombucha cultures at 0, 7, 14 and 21. days.

Days
Samples 0. Day 7. Day 14. Day 21. Day
K 3, 1NO 3, 0N0 2, 7 N( 2, 5N0
KC 3, 2N0 3, 1KN0 2, 9 N( 2, 6N0

(K= Traditional kombucha, KC= Chasteberry flavoured kombucha)

Similarly, many studies conducted on kombucha have, reported that the pH values of
kombucha cultures decrease as a function of fermentation time (Marsh et al. 2014, Jayabalan et
al. 2014, Nguyen et al. 2015, Ggéceedtodecremate a l
during fermentation due to the conversion of sugars in the environment to orgarfiyacicet
al., 2017).

3.3 Antibacterial Activity and Bacterial Strains

Disc diffusion method was used to examine the antibacterial activity. N zwine
inhibition were observed in any of the samples on day 0 and 7 of the study; zones of inhibition
were observed on day 14 and 21(Table 3). Traditional kombucha was active against all bacteria
exceptP. aeruginosaand S. aureuon day 14 of fermentationOn day 14 of fermentatiors.
aureusis the only strain unaffected by chasteberry flavoured kombucha. On day 21 of
fermentation both kombucha cultures were effective against all bacterial strains.

Table 3.Mean zone diameter of antibacterial effects of cultures on days 14 and 21 (in mm).
INHIBITION ZONES

DAYS | SAMPLES EC SA PA BC KP SE
KAN 16 NO, 14NO, 7,3NO 14NO, 14, 3N 16NO,
AMP 6 NO 17,38 9No, 7,3N0 10, 3N 11K0,
14 K 780, ¢ 6RO 6No 7,3N0 8,3K0 7RO
KC 8, 5NC 6NKNO0 9No, ¢ 9NO0,C 8, 3NK0 7, 3N(
KAN 17NO0 15, 3N 8NO, 18N0, 20NO 18, 31
AMP 6 NO 18No, 8No, 11,3KN 12N0, 11KO0,
21 K 8 NoO 10No0, 10R0, 8RO 8, 3K0 8, 3R(
KC 9,3N0 8RO 9No, 8, 3No0 7N0 8, 3N(

(The value of 6 in the table indicates that inhibition does not occur because 6 millimetre diameter
discs were used in this study. AMP= Ampicillin, KAN= Kanamycin, S®=aureusPA= P.
aeruginosaSE=S. epidermidisKP=K. pneumoniaBC=B. cereusEC=E. coli. K= Traditional
kombucha, KC= Chasteberry flavoured kombucha)

On the 21'day of fermentation, antibacterial activity was higher in both cultures. In their
study, Cardoso et al. (2020) showed that kombucha was not effective &gdmsnellasp. and
E.coiat a mini mum inhibitory c ¢§daydafarmentation, mmn o f
was effective againdtisteria monocytogeneand S. aureus However, in this study, while
traditional kombucha showed no effect agathsaureusindK. pneumonistrains on the f4day
of fermentation, it was effective against all stsabn the 2%tday. In our study, both kombucha

2
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cultures were effective against all bacterial strains on tHel&y of fermentation. However, in
their study, Pure and Pure (2016) showed that none of the fermented samples had antibacterial
effect onS. auweusandE. colion the 21 day of fermentation.

3.4 DPPH radical capture experiment

The DPPH radical scavenging capacities of the samples o't 4" and 21" day
are shown in Figure 1. Theamples showed the highest antioxidant activityhen?" day of
fermentation. Chasteberry flavoured kombucha culture (71%) had the highest antioxidant activity
on the 7' day of fermentation. Free radical scavenging activity was also different from the
conventional kombucha (p < 0.05). On thd'tidy offermentation, the antioxidant activity of
both cultures decreased, the antioxidant activity of the traditional kombucha was higher than that
of chasteberry flavoured kombucha, but there was no significant difference between them (p >
0.05). There was algw significant difference between K (63%) and KC (64%) cultures on the
21'day of fermentation (p > 0.05).

m0.Day m7.Day m14. Day m21. Day

o
©

Figure 1: DPPH radical scavenging capacities (%) of fermented beverages on day 0, 7,
14 and 21 K= Traditional kombucha, KC= Chastebefigvoured kombucha

In a study by Chu and Chen (2006), it was shown that antioxidant activity in kombucha
prepared with different cultures increased with fermentation, but the increase was significant only
in certain samples on the 9th day of fermentafer0.05). In this study, kombucha samples had
the highest antioxidant capacity on th& day of fermentation, and after the™day, their
antioxidant leveldegan to decrease. Similar to our study, Vitas et al. (2019) observed an increase
in antioxidant activity on the %7 day of fermentation and a decrease after th& ddy of
fermentation in their study with six different plants. Shahbazi et al. (2018) showed that the
antioxidant activity of kombucha with the addition of zahter, green tea ane inetitased until
the third day of fermentation and then decreased. In a study, the microbial composition of SCOBY
was shown to have a great influence on the composition of kombucha produced (Amarasinghe et
al. 2018).

3.5Total Phenolic Content (TPC)

The ptal phenolic content of the samples on the @', 14" and 21 days are given in
Figure 3. According to our results, the beverages had the highest total phenolic content’on the 7
day of fermentation. The chast eHbadthg highdstavour ed
total phenolic content before fermentation and was significantly different from the traditional
kombucha (1412 O0g/ mL GAE). Samples from chast.
highest total phenolic content on days 7, 14 and 2100%).
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Figue2:Tot al phenolic content (Og/ mh7,AE) of
and 21 K= Traditional kombucha, KC= Chasteberry flavoured kombycha

The total phenolic content of kombucha beverages increased significantly throughout the
fermentation period (p < 0.05) and peaked on day 7, similar to the antioxidant activity results. In
their study, Velicanski et al. (2014) showed that the total phenolic content of traditional kombucha
increased significantly after day 7 day of fermentati@nother study showed that the total
phenolic content of kombucha beverages continued to increase until day 14 of fermentation
(Bhattacharya et al. 2011). However, in our study, the phenolic content of kombucha beverages
increased on thé"®ay of fermetation, while it generally decreased after th8 ddy. Similarly,

Ayed et al. (2017), showed that the total phenolic content in kombucha cultures prepared with red
grape juice increased until thd @ay of fermentation and decreased from th& d@y of
fermentation.Amarasinghe et al. (2018) stated that the decrease in the amount of phenolic
compounds in the cultures could be due to the utilisation of the phenolic compounds of kombucha
by the microorganisms.

3.6 Total Flavonoid Content (TFC)

The totalflavonoid content amounts of the samples on the') 14", 215'days are shown
in Figure 4. In this study, the total flavonoid content of the kombucha cultures increased until the
14" day of fermentation and the highest values were observed ikdmitucha cultures on the
14" day of fermentationOverall, the flavonoid content was highest in the chasteberry flavoured
kombucha during fermentation and was significantly different from the traditional kombucha (p
<0.05).

: m(0. Day m7. Day m14. Daym21. Day

—
E 300 AR
— (9]
218250 N S
=2 200
O 5 150
Y 100 @
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oz 50 &7 1.
3 o = -
i K KC

SAMPLES

Figure 3. Total flavonoids Qg / mL QE) of fermented beverages
Traditional kombucha, KC= Chasteberry flavoured kombucha).

Flavonoids are important compounds that can inhibition oxidative enzymes, scavenge
free radicals, or prevent inflammation (Zhishen etl@89). Since chasteberry is the plant with
the highest flavonoid content, chasteberry flavoured kombucha was expected to contain a
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significant total amount of flavonoid compounds compared to traditional kombucha. Shahbazi et
al. (2018) showed that the anmbuof flavonoids increased significantly in their study with
fermented medicinal plants, and suggested that the production of isomers of catechin and
epicatechin could cause an increase in the amount of flavonoids. Similarly, Dwiputri and
Feroniasanti (2() observed the highest flavonoid levels in kombucha cultures fermented with
butterfly pea on the 20day of fermentation.

3.7 Sensory Analysis

The kombucha beverages were scored separately goomtShedonic scale for taste,
smell, appearance, aciditgnd overall quality on the™7 14" and 2% days of fermentation
(Figures 4A, 4B and 4CDverall, traditional kombucha scored higher on days 7 (3.45), 14 (3.05),
and 21 (2.65). On the"7day of fermentation, traditional kombucha was the sample With t
highest average score in terms of taste (3.8), smell (2.75) and acidity (3.25). In contrast,
chasteberry berry flavoured kombucha scored higher than traditional kombucha only in
appearance (3.15) (Figure 4A). On thé& iy of fermentation, the averasgoresof chasteberry
flavoured kombucha were lower than those of traditional komb(ibare 4B). On the Ziday
of fermentation, the chasteberry flavoured kombucha had the highest mean scores only for smell
(2.1) and appearance (2.4) (Figure 4C).

Figure 4: A) Average sensory test results for samples after 7 days of fermengitidaerage
sensory test results for samples after 14 days of ferment@ji@ensory test results for samples
after 21 day of fermentation.

Traditional kombucha was thseverage of choice in terms of taste. On the other hand,
chasteberry flavoured kombucha was not preferred especially in terms of acidity. As the
fermentation time increases, kombucha drinks with a pleasant and mild taste take on a sour and
vinegary tasteReiss 1994). Therefore, the drinks on th8 4dd 2£'days were less preferred by
the participants. Lon|l ar et al. (2006) found
the increase in acidity over time depending on the duration of fermeritakombucha samples.

Ayed et al (2017) in their kombucha study using red grape juice found that the grape juice sample
fermented after 6 days obtained higher scores than the grape juice sample fermented after 12 days
in terms of colour, smell, acidity, e@tness, taste and overall rating as a result of sensory analysis.

5. Conclusion

Different types of substrates used in the production of new generation probiotic beverages
cause changes in the beverage's bioactivity. In this study, the medicinally mpbiateberry
plant was fermented with kombucha. According to the data, chasteberry is a promising substrate
for the development of functional kombucha beverages due to its high content of flavonoids and
phenolic substances, as well as its antibacteffatte However, sensory properties, optimal
fermentation time, optimal concentrations of sucrose, black and herbal tea, and the identification
of useful ingredients of this beverage are all required.

10
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Abstract

In this study, interleukii beta (Ik1 b)) and -6 ({fLt6elewiservark determined in
Wistar albino rats treated with sodium pyrithione (35 and 70 mg/kg, ip) and saline (0.09% NaCl
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0.5 ml/kg, ip) for different times (24 and 96 hours). As a result of the research, it was determined
that the increase in both dose gro(gs and 70 mg/kg, ip) was statistically significant (p<0.05)
after 24 and 96 hours of administration compared to the control group. The chandefin ILa n d
IL-6 levels between doses was found to be statistically insignificant. As a result of the research,
it was determined that the decrease Hillb a 46 tevelb depending on time (24 and 96 hours)

in rats administered 35 and 70 mg/kg, ip was statistically significant (p<0.05). With the cytotoxic
effect of the administered doses of NaPT, tissue damarpedaecrosis and it was thought that

it could eventually cause noninfectious inflammation and immunological responses were given
by the treated animals. It was determined that the changelirblL a 16 tevelk hetween doses

in the same time periods wasignificant. Both doses of NaPT were toxic and the same responses
were found to have the same effect. It was thought that the decreask i ILa 16 kkvelk dfter

96 hours was the result of the decrease in toxicity caused by its excretion from yha thex

first 24 hours as a result of intraperitoneal NaPT single dose administration, and that the higher
IL-1 b a r6dlevelsLmeasured compared to the control group might be due to ongoing
noninfectious inflammation.

Keywords: Acute Duration, Sodium Righione, Interleukinl Beta, Interleukirb, Rat

1. GKRKK

Giderek artan end¢striyel gelikim beraberinc
en °nemli si toksi kol ojik -evresel kirleticiler
kirleticiler -evre vV e toplum sajl éj e sczerinc
bildiril mektedir tevresel kirleticiler, fosi |l
atéeklar olarak alt bakl éKkal aral, mhaasyon geldarmayollagr up !l a |
bir-ok -evresel kirletici maddeye maruz kal dékl
fizyolojik etkilerdi ol duju bilinmektedir Et ki
ve metaboliamanéhabakubmtaya -ékmaktadeér tevr
fizyolojik b¢gyéeme ¢zerinde, strese karkeée veril
yetenejine ve metabolik hez ¢(zeri mkhga, 2000k i | el er |
Durmaz ve Giray, 2013; Gektekin ve Barl as, 200

Sodyum pirition (NaPT) °neml:i bi yositlerden
ol arak madencilik, kozmet i k (Dingingyda 88)Substeatk t °r | er i
takénmaséné inhibe eder ek mant é€handleeve Segdl,t er i | er
1978) Sé-anl arda radyoaktif ol arak ikaretl enmik
biriktiii (Zoer,d97&)r i Yimmeatyapeéelpamitaloomkhmal dr-dank o v
sitotoksi k etki g°stererek hgGhsomvdn $985) me si ni i n

Sodyum piritionun sitotoksik ol masé nedeniyl
fazla verilen dozlarda farelesd, sé-anlarda ve tavkanlarda ar ka

ol ukturduju Ve d°n¢gKeémsyg z ol ar ak tapetum | uci
ger ¢l dej ¢ b i(Gibdan rvd.,| 19&2kQread i ryol | a uygul amasé s é
omurilikte motor “atteéewxléeaontdldujuebiundedéal e ener
yapésénda bozul mayé baxklattéejé ve sonu- ol ar a

(Nicotera ve Orrenius, 1998; Knox\08) Yi ne yapél an araktérmal ard
yanéténa neden ol ar amoende 201Q) DNA el d sd rmméen am t gg°r rd
erken h¢gcresel yakl anma ve °I| (Rudplive Catvinkhke n ol ab i
2011)Bu - al ékmada nekroti k doku ol ukup infl amasy
pirition uyguldbanvéséedlaneé ywlramrai | 4Lzerine et ki | e
ama-|l anméxkt éer .
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2. MALZEME VE Y¥NTEM

3. 1. DeneyvedaDermeay aGreupl ar é

Seée-anl ar standart kafeslerde serbest besl e
veril mi ktir 20Gd aACsetcatkl lefe@exk 2vek a¥anl 2k s patr i By
uygul anél mékter . Eri kkin er¥ekutWi sjt@Bhdraa)] @i 2138 s
arasénda dejiken hayvanlar kull anél méxkter Te¢m
ol ukturul du.
3. 2. Kan ¥rneklerinin Alénmasé@é

Sé-anlara NaPT (35 ve 70 mg/ kg, i p) ve sali
smucunda t¢gm gruplardan int-2akamdi fak Yohéjai (dl
°rnekl eri 30 dakika bekletildikten sonra santr
ali kot!l ar -4l ukC wreulianr adko n d u rzuac ualat é&rmdkd atnuatr talkd unu

33.IL-1 b v-@Analizleri

Derin dondurucuda saklanan serumlaitdd b w6d ¢lzley | er i ni belirl emek
y°nteml i ticar.i kitler (Fine, ¢in) kullanelar
Mer kezi LabaorAasStuBvleArM)a rE&ENdSeA okuyucu ve yékayeéeceé
3.4. Kullanéelan Kimyasal Maddel er ve Kla-1ar

Sodyum pirition (35 ve 70 mg/kg, ip), Salin (%0.09 NaCl 0.5 mi/kg, ip), Dietileter
(Knhal asyon) .

3.65. Deney Protokol ¢

Deneyl er esnaséarkd ®@2j9eaMraartausvéanrd as & ut ul du. Nal
ip) ve tuzlu su (%0.09 NaCcCl 0.5 ml/ kg, i p) uyg
24 ile 96 saat sonra kan °rnekler al énméxkteér.
Kurulu t araféndan onayl anmék deney protokol ¢ do]
Hayvan Deneyl eri Mer kezinde wuygul amal ar ger - ek
3. 6. Kstatistiksel Analizler

IL-1 b ved¢lzleyl erine ait el de edil en eg®vzel edmo zd e ]
bakéméndan farkl el ék ol p ol madéjéné belirl eme
ve Doz 20 ol mak ¢zere iKki faktorl ¢ (faktoriye
sonu-laréna g°re farkl é Hemekvesgmacséylea, orDuan cae
karkel aktérma testi kullaneéel de Varyans anal iz
MSTAT-C i statistik paket programlaré kullaneéel ar alk

4 . SONU¢ VETARTI kMA

Yapélan bu ar akt ér maig ge salim (P0.09 N8 0.5\mirkg, 100 mg/ k g
uygul anan seé-anlar ¢zerli-hfdevegalglelyméexki @e. aKanh Sg

(24 ve 96 saat) etkileri tespit edil miktir. Al
mg/kg, ip) NaPTvesai n ( % 0. 09 NaCl 0.5 mhtl/fikegz eyilper iuytgaid [
edil miktir (¢izelge 4.1). ¢izelgeden de g°r¢,le
her i K doz grubunda (35 wve 70 mgqg / k- b i p) k
d¢zeyl erindeki arték anlamléeydé (p<OL-Db) . Ay né
d¢zeylerindeki dejikimin ise °nemsiz O|dUJu t e

¢tizel ge 4 6den g°r ¢l eceji gi bi 35 ve 70 mg
far k| é@ilimntednaedlnl fl ¢ z eyl eri ndeki azal manén °nemli (p
Farklée s¢relerde (24 ve 96 saat) ve dozlarda (
0.5 ml/ kg, ip) luymyz eaynlaeriséetanpiatrdadi | mi Kkt i r (
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¢i zel glear4k.l16&. Dozl arda NaPT Uygul alh-ah Sé-anl
D¢zel erindeki Dej i ki m.
24 Saat 94 Saat
Gruplar
IL -6 (pg/ml) IL -6 (pg/ml)
38, 22N1, 69 37,86N1, 7
Kontrol
Ax* A
67, 33N1, 0 61, 11NO, 9
35 (mg/kg, ip)Sodyum Pirition
A B
65,52N1, 9 60, 13N1, 0
70 (mg/kg, ip) Sodyum Pirition
A B
* o Ayné s¢gtundaki k¢-¢k harfler araséndaki far
**: Ayné satérdaki b¢gy¢gk harfler araséndaki f a
Ayné -izelgeden de g°r ¢l ebil eceji gi bi, 24
grubunda (35 ve mg/ kg, i ph-1gneylobérigmaddki i 4
anl aml eyde (p<0.05) . Ayneé Zz a nhalnbd gkylekindekil er i ndel

deji kimin ise
mg/ kg, i p uygul anan
azal manén °neml.i

°nemsi z

ge°r ¢l ecefjii

(p<0.05)
¢izelge 4.26den

ol duju t
sé-anl arddlL-1aby p 2e ydloed iam ek i
ol duju beli

gi bi 35

espit edilmiktir

rienmi Kt

ve 70 mg

farkl & zamdmn6ddizleiymhleari inmddee& i azal manén °nemli (p
Farklée s¢relerde (24 ve 96 saatsalin®é®.09dNa@ | ar da (
0.5 ml/ kg, ip)lwogdguleyhaemiséeasmpliarceai | mi ktir (¢
de g°r¢lebileceji gibi, 24 ve 96 saatl ik uygul
i p) kontrol gr urdallL-6 d ¢sez ekyd rew @ Inadwetkaé r éalrdtégfké anl a ml
zaman dilimlerintdlédizeyplzénmirndeliseddjakki min i se
edi | mi ktir. Yine -izelge 4.206den g°r ¢l eceji gi
dozl arrkélnée fzaamanilL6dizmheernddeki azal manén ©°nen
belirl enmicktir.
¢i zel glear4k.l22. Dozl arda NaPT Uygul alh-ah Sé-anl
D¢zel erindeki Dej i ki m.
24 Saat 94 Saat
Gruplar
IL -6 (pg/ml) IL -6 (pg/ml)
38, 22N1, 6 37, 86N1, 7
Kontrol
AX* A
_ 67, 33N1, C 61, 11KN0,
35 (mg/kg, ip) Sodyum Pirition
A B
_ 65, 52N1, ¢ 60, 13N1,
70 (mg/kg, ip) Sodyum Pirition
A B
* o Ayné s¢tundaki k¢-¢k harfler araséndaki far
** . Ay néb¢ssyactké rhdaarkfil er araséndaki fark anl aml éede

17



s -t
(s 12. UBAK, 17 / 18 ARALIK 2021, Online, A ose

Pirition olarak kullanéel an (sodyumseptik-i nko Ve
créenl erde, madencilikte vV e gemi boyal arénda
ol de¢r ¢é¢ce¢  (mamttarmi kyrooshuiny)alv eol ar (auepkdve Praussér] an aj a
1978; Baovd, 2008; Lamore vd, 2010) Yap &€l an ar akt €r ndaad anr®drao,t o kasrikkl ,

sitotoksi k, genot oksi k, i mm¢gnot oksi k vV e hi st o
dozl ar da vV e farkl e hayvanl ar czerinde NaPTOor
arakteérmal ar énda, si t ot okzsa yké f Ine®jreo tvoek sa tka kestik,i ,
nekroz ol ukumuna, DNA hasaréna, oksidatif stre:
bul gul aréna rastlanél méxteéer. Her i ki NaPT dozu
ol duju g°rlpl mghk tidderz.e yllLer i ndeki 96 saat sonr a a:
tek doz wuygulama sonucunda il k 24 saatlik dil
azal masé sonucu ol dujunu vieb kv@&ntdriazleydreubuuvma g%
omagnén devam eden noninfeksiyoz inflamasyondar
Bu araktérma sonu-1ar é, NaPT toksi k dozl arénén

ve doku hasarl arénén (histopat odkotjdrkma lbaerlai ril hetn
duyul dujunu g°stermi ktir.
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Abstract

The purpose of this study was to reveal the effect of ruminal microflora typescially
protozoa, on fiber digestibility and methane production. The study was conducted on camel
protozoa and greenhouse gas emissions to illustrate the fact that camels produce less methane and
digest better the forage. In order to achieve to thegserpf the study, numerous databases and
journals were used. Studies have shown that improving rumen efficacy can help reduce emissions.
Protozoa species are different in camels and cause betteratlaflegradation in the rumen and
reduced methane prodian compared to other ruminants. Therefore, it seems that the presence
of such protozoa in the rumen may increase forage digestibility by up to 30%. The molecular
properties of camel microflora and its comparison with other ruminants, together with their
effectiveness, provide information on their diversity. Indepth understanding of the relationship
between the different methanogenic species present in the camel rumen is important because of
the low methane emession rate compared to other ruminants.

Keywords: Camel, Greenhouse Gases, Methanogenic, Protozoa

Introduction

Climate change is widely considered by politicians and scientists around the world. These changes
have been increasing at an alarming rate over the past few decades. The changes amdmanifest
by rising surface temperatures and oceans, rising ocean salinity, ocean acidity, and the melting of
the Greenland and Arctic ice sheets. These changes are mainly attributed to human activities
resulting from economic growth and population growth. THeaRIntergovernmental Panel on

Climate Change) has shown that the earth has been warmer in the last three decades than in the
decades before 1850. The average temperature
higher than the periods 1880 tal20 Although the change in temperature has not been uniform,
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some regions have been cool and some have been warm, but therforand global effects of
the Earth and the oceans have shown a tendency to rise in temperature.

Ruminants digest fibrous carbatrates by microbial fermentation. One of thepogducts of
the fermentation process is methane gas, greenhouse gas (GHG), which indicates energy loss to
the host animal. Fossil fuels are the main source of greenhouse gas (GHG) emissions. The gases
emitted into the atmosphere are carbon dioxide )C@ethane (Ck and nitrogen oxide (D).
Global CQlevels reached 395 ppmin 2013, while emissions were estimated at 38.8 billion tonnes
in the same year, the highest in history and 46% higher than in 1880t 0% of methane
emissions are allocated to agriculture, of which about 80% is produced by the livestock digestive
tract.

The protozoa in the rumen make up 50% of the microbial mass and are significantly involved
in the rumen digestion of ruminants, which the ciliated type is the most abundant. There are
fewer data on camel rumen protruding cilia thatier ruminants. Therefore, traditional
techniques for studying microorganisms, especially the microbial population of protozoa, do not
seem to be effective. Camel anatomy has been the subject of numerous studies, but information
about its microbial fluoromy igery rare. It is worth noting that camels are thought to emit less
methane than real ruminants (Dittmann et al., 2014; Mannai et al., 2016).

Livestock contribution to greenhouse gas emissions

Livestock contribute to GHG release directly by fermentadiachindirectly by converting forests

to pastures. Different sources provided different estimates of between 7% and 18% for livestock's
share of methane production. Ruminants account for about 18% of the world's total greenhouse
gas emissions. The US Enwmoental Protection Agency (EPA) estimates global methane
emissions from the fermentation process for 2010 and 2020 at 2079 and 2344-&4f @D year,
respectively, and methane emissions from animal manure at 470 and 523 Nesp@ctively.
Fermentatiorof methane through fermentation is usually expressed as gross energy intake (GEI)
with valuesetween 6 and 10%. GHG emissions were proposed based on the amount of digestible
energy consumed (DEI) or per unit of livestock product instead of GEI. ExpreadfsGHG

release as DEI percentage indicates the potential impact of diet quality and composition. For
example, increasing forage digestibility generally reduces GHG emissions from ruminal
fermentation per unit of livestock product. Consumption of camatss, natural compounds such

as tannins and saponins, as well as feed NPN, reduces methane emissions during the fermentation
process. In addition to the release of GHG by fermentation, the release from the feces is also
affected by the composition of tdeet, which also depends on the keeping of livestock in pastures

or pens. Fermentable organic matter in feces is expected to decrease as the digestibility of dietary
ingredients increases, which may reduce methane emissions from manure. A balanced diet
ersures efficient use of nutrients and improves animal productivity, thereby reducing GHG
emissions per unit of livestock production. In fact, it is an effective and important strategy to
reduce emissions (Morgavi et al., 2010).

Comparison of ciliated protozoan populations in camels and ruminants

The population of Entodinium protozoa is predominant in all livestock species. The rumen content
of dromedaries is lower in protozoa than in small ruminants. dromedaries may contain some
protozoan genes that are liig efficient at cell wall degradation. Methane production in the
rumen occurs with the proliferation of a community of microorganisms such as bacteria, protozoa,
fungi, and especially methanogenic archaea (Popova et al., 2011). Methanogens make up a
smalker population in the rumen-{4%). The symbiotic relationship between methanogens and
protozoa is also well documented. Up to 20% of methanogens belong to protozoa. Metanogenic
archaea use volatile fatty acids produced by these protozoa, including acdtatainly butyrate:
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two metabolic pathways for the production of H2 followed by the production of methane.
Methane produced by methanogenic archaea attached to ciliated protozoa can account for up to
37% of the total methane produced. Therefore, studyiagelationship between archaea and
protozoa can provide important information-gBerre and Wright, 2012).

Methane emissionby camels

According to the IPCC (Intergovernmental Panel on Climate Change), the main source of
methane emissions is the fermagian process. Camels are considered to be ruminants and are
grouped with cattle, buffaloes, sheep and goats. However, due to the lack of information about
the feeding and digestion stages of camels, the Tier 1 method has been used and the release has
beenobtained almost by extrapolating from the main groups of ruminant that seem to have a
similar digestive system. In this report, the estimated methane emissions for camels weighing
approximately 570 kg were 46 kg of methane per head per year. Methanerefigsses for

camels were derived from cows emission measurements. This detailed report was based on an
extensive search and use of available resources, but found fundamental differences between
camels and actual ruminant species that led to the casietsaidefault value of 46 kg methane

/ head / year. , Has been ignored (Al Jassim, 2016).

Calorimetric estimates of methane emission by camels from different levels of the diet consisting
of barley grain and wheat straw showed that methane emissior98f 0.285 and 0.842 mg /

kg / metabolic weight / day, respectively for the duration of periodsrmfabnsume feedeeding

and rumionation. This methane calorimetric measurement shows the total methane release from
the camel. It is important to noteaticoncentrate supplementation is common in camels, but does
not reflect the natural nutritional status of this herbivore. Recent estimates of methane emission
by humpback camels have been compared with Holstein dairy cows under equal diets and
conditions(Guerouali and Laabouri, 2013). Camels and cows were housed separately in a stalls
and fed on alfalfa (2 kg / day) and barley grain (3 kg / day) and their diffusion was measured using
an open face mask system. The results showed that the rate of mdtaselg camels was one

third of cattle (47.7 vs. 138.7 g per day or 17.4 vs. 50.6 kg per year; 5). On the other hand,
measuring the methane release rate by alpaca and sheep using hexafluoride sulfur detection
techniques, no difference in methane rele&3E|%) between the two species when feeding
alfalfa hay (5.7 vs. 4.7) did not show. However, alpaca had higher methane emissions when
feeding clover pasture (9.4 vs. 7.5) and lotus (6.4 vs. 2.7). Recently, measurement of methane
release using a respiratarflamber with three species of camels (Vicogena pagos, Lama glama,
Camellius bactrianus) showed that camels produce less methane in similar diets than ruminants
(0.229 vs. 0.415 g / kg per day) (Dittmann et al., 2014). The researchers concluded that this
difference is most likely due to the reduced metabolism, feed and digestible fiber consumption of
camels. Information on methane emissions by camels is generally limited and further research is
needed, especially under normal feeding conditions. In addititenis known about the diversity

and structure of the camel's digestive tract. The study of the population structure of fecal
methanogens found in Camelus bactrianus camels kept in two zoos in the United States was
performed using 16 S rRNA gene libes for each zoo. While methanogenic sequences
belonging to the bacterial methanobrius genus were predominant in both libraries, they showed
significant differences in diversity and structure. Preliminary results show how the methanogen
population structwr can vary greatly between animals as they are kept in different areas. The
authors also suggested that additional studies be performed using alternative techniques such as
nextgeneration sequencing to analyze larger groups of animals under contraietd dibtain

more information on the diversity of methogenes in the monocotyledonous gastrointestinal tract
of camels (SPierre and Wright, 2014).

There is a difference in methane emissions from camels compared to dairy cows. This difference
in methane mduction between the two species can be attributed to some anatomical and
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physiological characteristics of the camel's digestive tract. The amount of methane released by an
animal is a good indicator of the amount of diet that has been fermented in-gtempaeh. In

cattle, the entire diet is probably fermented in the rumen, while in camels a small portion of the
diet is fermented in the pgomach and the rest passes through the stomach and is digested in
the intestine. It should be noted that the capnelstomach consists of three parts instead of four
parts in cattle with the presence ahasurmreticulum. Camels provide a higher tracer for the
ruminal fluid phase, which allows a large portion of the diet to escape fermentation and be
digested in thentestine to produce less methane. Camel grazers are highly selective and seek
food particles rich in soluble carbohydrates and proteins, while cows are considesetautine

grazers depending on the size of the grazed feed (Faridi et al., 2017) .

Camelshave higher blood sugar (1.5 g/ I) than cows (0.5 g /1), and to maintain this high level of
glucose in the blood, most of the soluble carbohydrates provided by the diet must escape
fermentation. And digested in the intestine. Unlike cattle, the impmetahvolatile fatty acids
(fermentation products) as an energy source for camels is very limited. Compared to cattle, camels
spend less time chewing and rumination, but produce more saliva, which is not conducive to
methane production. Researchers havewshthat the population of pmgastric bacteria is
comparable for the two species, but less protozoa are found in camels, indicating that less methane
is produced in camels because the metmoducing bacteria are more prone to protozoa.
According to Xwani in 2000, camels have a high buffering capacity digest tract and do not show

a metabolic disorder such as acidosis, which is often found in the diets wfdmigbntrate dairy

cows. The researchers measured the characteristics of volatile fatty dahielstimen of the two
species and reported that the ratio of propionate to acetate in camels was higher than in cows
receiving the same diet. Limited production of acetate in camels may partly explain the reduction
in methane production (Guerouali and Laabd2018).
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¥zet

Bu -al ékmada farklé s¢relerde (24 ve 96 saatl
ve tuzlu su (salin) (% 0.09 NacCl 0.5 ml/ kg, i
Ghrelinbkdzaegyleenrmi ktir. Arakteérma sonucunda, k C
doz grubunda (35 ve 70 mg/ kg, i p) Ghrelin hori
d¢zeyl erindeki artek istatistiksel ol arak ©°ne
dilimlerindeki dozlar (35 ve 70 mg/ kg, i p) ar a
dejikimin ise °nemsiz olduju tespit edi | mi Kt i
uygul anan ayné dozlar (35 ve t7i0stmgk «gl, olpdr ak a
ol duj u tespit edi |l mi ktir. Yapél an araxkter mal e
Uygul anan NaPT dozl aréenén sitotoksi k etkisi il
sonu-ta noninfeksiyowzei nfylgaurhaasnao nyaa ps£d baenp halywm
i mm¢gnol oj i k tepki l6ergi(bTiNF vaelrfial,diffh we klglnd¢r dyg¢
tepkilerden TNF alfa salénéméenén kakektik et ki ¢
yine ayné sijftiokidimpenmemaloéno i-in Leptin hor m
ol abilecejini déekenderdyg .

Anahtar Kelimeler: Ak u t S¢re, Sodyum Pirition, Lepti n, Gl

The Effect of Sodium Pyrithione in Acute Periods On Ghrelin and Leptin Hormone Levels
in Rats

Abstract

In this study, Leptin and Ghrelin levels were determined in Wistar albino rats treated with
sodium pyrithione (35 and 70 mg/kg, ip) and saline (0.09% NaCl 0.5 ml/kg, ip) for different times
(24 and 96 hours). As a result of the research, it weerrdiaed that the decrease in Ghrelin
hormone levels and the increase in Leptin hormone levels were statistically significant (p<0.05)
in both dose groups (35 and 70 mg/kg, ip) administered compared to the control group. It was
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determined that the change lLeptin and Ghrelin hormone levels between doses (35 and 70
mg/kg, ip) in the same time periods was insignificant. As a result of the research, it was
determined that the change between the same doses (35 and 70 mg/kg, ip) administered at
different timeswas statistically insignificant. The toxicological effects of NaPT are known in the
studies. With the cytotoxic effect of the administered NaPT doses, tissue damage was caused by
necrosis, resulting in noninfectious inflammation, and it was thought thadumwiogical
responses (such a-6)wdrddivenaby thehtr@ated dnimalsa Thd ca¢héctic
effect of TNF alpha release from immunological responses suggested that Gherelin hormone
levels might decrease and that the same cytokine might causeraase in Leptin hormone

levels for immunological regulation.

Keywords: Acute Duration, Sodium Pyrithione, Leptin, Ghrelin, Rat

1. GKRKK

Giderek artan end¢gstrivyel gel i kim beraberi nc
en °nemli sievireksilk kliojliek i-ci |l er yer al maktader.
kirleticiler -evre Ve toplum sajl éj e sdzZerinc
bildiril mektedir. tevresel kirleticilnmsa, fosi |l
atéeklar olarak alt bakl éklara ayreéelarak grupl al
bir-ok -evresel kirletici maddeye maruz kal dékl
fizyolojik etkileriaobdehdabnPromekt &di endBkKki i
ve metabolizmanén bozul masé ol arak ortaya -eéekrm
fizyolojik b¢gyée¢me ¢zerinde, strese karkeé veril
yet eneféatnebolei Kk hez ¢zerinde etkileleri bil i nme
Durmaz ve Giray, 2013; Gektekin ve Barl as, 200

Sodyum pirition (NaPT) °neml:i bi yositlerden
olarak madencilik, kozmetkyea k ét s ekt ©° r | e r(Dinmidgevd.,KA98)Substtagé | ma kt a d
takénmasénk mahi de eeebakter il éhandleevelSegel,e di J i b
1978) Sé-anlaktdd owmedadyak i karetlenmik NaPTdédnin uy
biri ktiJi (Zoer,d97€¢)r i Yimatyapélpamitaloddkmal adr-dank o Vv
sitotoksi k etki g°stererek hgGhsanvd 985 mesi ni i n

Sodyum piritionun sitotoksik ol masé nedeni vyl
fazla verilen dozlarda farelerde, sé-anlarda v
ol ukturduju Ve d° n¢lkgemsdemao | saarhaikp taalpen umayvan
gler ¢l ded ¢ b i(Gibdan rvd.,| 1@&kQreadi ryol | a uygul amaseé s é
omurilikte motor “attewxleaontdldujuebiundedéal e ener
yapéasémozul mayé baklattéejée ve sonu- ol arak hy¢

(Nicotera ve Orrenius, 1998; Knoxvd,2008) Yi ne yapél an araktérmal ard
yanét éna neden ol areg&@noende2010) DNA ehtd srd rnéen am tgorr ¢
etkk n h¢gcresel yakl anma ve °I| ¢ m@Rudelfven @edvinka, ol abi |
2011)Bu - al ékmada nekroti k doku ol ukup inflamasy
pirition wuygulanan sé-anlarda Leptin ve Ghrel
ama-|l anméext ér .

2. MALZEME VE Y¥NTEM

3.1. Deney Hayvanlaré ve Deney Grupl are

Sé-anl ar standart kafesl erde serbest besl e
verimi Kt i r . Oda2b5séAa@kltajtal MUK vekaX¥ranl 2k speaetri vy
uygul anél mekt ér . Eri kkin erkek Wist287rgraml bi no s
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arasénda dejiken hayvanlar Kkull ahél méxaargriipmh
ol ukturul du.
3.2. Kan ¥rneklerinin Al énmaseé

Sé-anlara NaPT (35 ve 70 mg/ kg, i p) ve sal.i
sonucunda t¢m gruplardan i n2r3kmalr di yrak® ryroéjlia 41
°rnekll eoraki3ka bekletildi kten sonra santrif¢j e
ali kotl ar -4l ukC wWreulianr alkondur ucuda sakl anarak mu

3.3. Leptin ve Ghrelin Analizleri

Derin dondurucuda saklanan serumlatagptin ve Ghrelind ¢ zey |l er i ni belirle
ELI SA y°ntemli ticar.i kitler kullanelarak yapée
Laboratuvarl arénda (ASUBTAM) ELISA okuyucu ve
3.4. Kullanél an Kilmydsaal Maddel er ve

Sodyum pirition (35 ve 70 mg/kg, ip), Salin (%0.09 NaCl 0.5 ml/kg, ip), Dietileter
(Knhal asyon) .

3.5. Deney Protokol ¢

Deneyl er esnaseénda28i afb® raartausvéanrd as ét cuat kul | édjue. 2Nla |
ip) ve tuzlu su (%0.09 NaCI 0.5 ml/kg,p) uygul amal aré saat 09: 006da
r

24 il e 96 saat sonra kan °rnekler al é@énméxkter.

Kurulu taraféndan onayl anmék deney protokol ¢
HayvanDeng | e r i Mer kezinde uygul amal ar ger -ekl exktir
3.6. Kstatistiksel Analizler

Leptinve Ghrelid ¢ zeyl erine ait el de edilen g°zlem d

doz bakéméndan farkl el ék ol up ol madoé jiélneé fbDed zi r |

1 ve Doz 20 ol mak ¢zere iKki faktorl ¢ (faktori
I

sonu-laréna g9g°re farkleée doz veya s¢re ortala
karkéel aktérma testi kull am&nhn d€okIVarkamisé laamtl & 1z
MSTAT-C i statistik paket programlaré kull anél ar alk

4. SONU¢ VETARTI kMA
Yapelan bu araktérmada NaPT (35 ve 70 mg/ kg

uygul anan sé-anlar ¢ z enda Leptineve @laepnd |k me yt er i n&aankt
s¢relerde (24 ve 96 saat) etkileri tespit edil
ve 70 mg/ kg, i p) NaPT ve salin (%efinv®9 NacCl
Ghrelind ¢ zey | eadi Itneiskptiitr (¢i zel ge 4. 1) . ¢i zel geden
saatlik uygulamadan sonra her iki doz grubunda (35 ve 70 mg/kg, ip) kontrol grubu ile
karkél aklLeptin@d Ghelné pzdayl eri ndeki artek anl aml éyd

dilimleri nd e ki dozleptinve&Shreislgregkier i ndeki dej i Ki mi n i
tespit edil mixktir.

¢Cizelge 4.106den g°r¢l ecefji gi bi 35 ve 70 mg
farkl e z ama rGhretinid ¢ z2rd yelreé rnidrede ki i agpktma@bh ° noel nal
belirl enmicktir. Farklée s¢relerde (24 ve 96 saa
(% 0.09 Nacl 0.5 ml / kGhrelind 2 e wlygruil atnesip isté - eadil lan
4.1).
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¢i zel gFear4&k.l1 2. Dozl alra@manNa®d- abylgaur d@hrelh4 ve 96
D¢zel erindeki Dej i ki m.

24 Saat 94 Saat
Gruplar
Ghrelin (pg/ml) Ghrelin (pg/ml)

Kontrol 1469, 25N1 1475, 44N
35 (mg/kg, ip) Sodyum Pirition 1007, 30KN2 1026, 77N
70 (mg/kg, ip) SodyurRirition 986, 22N24 993, 55N2
* o Ayné s¢gtundaki k¢-¢k harfler araséndaki far

Ayné -izelgeden de g°r¢l ebileceji gi bi, 24
grubunda (35 ve 70 mg/ kg, i@Ghelndgreyodolergmuadekii lac
anl aml eyde (p<0.05) . Ayneé Zza@Geem ddizkiyimleer nde &k
dejikimin ise °nemsiz olduju tespit edilmiktir
mg/ kg, i p uygul anan sé-anl ard@hreinpaegodozlraméeekf
deji kim °nemsiz olduju belirlenmicktir.

¢Ci zedl.Qedbden g°r ¢l ecefji gi bi 35 ve 70 mg!/ kg,
far kl & zamaleptindi¢lziemll eerrii mddee K i arteéexken °nemli (ps
Farkl é s¢relerde (24 ve 96 saat) %609dNaC | ar da (
0.5 ml/ kg, i p) lkeptigd p 2aeghersie-aabprdaedil mi ktir
-izelgeden de gor(;lebileceji gi bi, 24 ve 96 sa
ve 70 mg/ kg, i p) kontr bdptindegnbyul @1ien dkeakrik éd ratké 1€
(p<0.05) Ayné zaman dilimlerindeki dozl ar ar
ol duju tespit edi |l mi ktir. Yine -izelge 4. 206dei
sé-anl arda ayne‘ndlﬁnterzndeaaptmdotaykbmzdmlal arteken
ol duju belirlenmixktir.

¢i zel glkear4«.12. Dozl arda NaPT Uygul alegim Seé-anl
D¢zel erindeki Dej i ki m.

24 Saat 94 Saat
Gruplar

Leptin (ng/ml) Leptin (ng/ml)
Kontrol 16, 41N0, 8 17,06K1, €
35 (mg/kg, ip) Sodyum Pirition 27,36N1, 1 28, 55N0,
70 (mg/kg, ip) Sodyum Pirition 26, 52N1, 5 27, 24N1,
* o Ayné s¢tundaki k¢e-¢k harfler araséndaki far

Pirition olarak kullanéel an (sodyumseptik-i nko Ve

créenl erde, madencilikte vV e gemi boyal arénda
°l d¢gr¢ceg (mantar, yosun) ve antluepkele Preussery al ol a
1978; Baovd, 2008; Lamore vd, 2010) Yap él an ar akt ér mal ar da, far kil
sitotoksi k, genot oksi k, i mm¢gnot oksi k ve hi sto
dozl ar da vV e farkl e hayvanl ar czerinde NaPTOor
arakt ér maloarokmsd &, <n°rotoksi k et ki, doku hasar é
nekroz ol ukumuna, DNA hasaréna, oksidatif stre:
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bul gul aréna rastlanél mékt eéer. Hem ialyinéNa&RKi ge@z s
ol duju g°r¢l megkt gr. Uygul anan NaPT dozl ar énén
nekroz geliktirmik ve sonu-ta noninfeksiyoz i
hayvanl ar taraféendan i mmgit®&l aqjiibk )t eepelkeiill eri J ¢ T NIF
Verilen imm¢gnolojik tepkilerden TNF alfa sal én
seviyelerinde azal maya, yine ayné sitokinin i
seviyelerinde artedakpadend .l aBul eacajkitrer ma s
dozl arénén yeniden belirlenmesine ve ol ukturdu
belirl enmesine y°nelik ileri bili msel arakterm
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Abstract

The objective of this study was to study the effect of Fiaticl and methionine on Pebolt
Broiler Breeder Hen feather score. This experiment was conducted with 320 broiler breeder hens
at 72weeks old. In this experiment, 8 treatments and 4 replications and in each replication, 10
Broiler Breeder hen and oneoster were used in a completely randomized design as a factorial
(2 1T 4) arrangement. The factors included four
0.51% of the recommended quantity) and two levels of folic acid (2 and 10 mg/kg). The dietary
formulations were developed in accordance with the standard recommended in the Ross 308
catalogue. Birds received a limited amount of food once a day and had unrestricted access to water
throughout the experimentor inspection of feather condition, edoleal bird was taken from
the pen and all areas carefully examined for damaged, broken and missing feathers and bald
patches. Each body part was given a score from O (best) to 5 (worst). The results showed that the
main effects of different levels of médinine had a significant effect on the broiler breeder hen
feather score (P<0.05). Among the different levels of methionine, the level of 85% and 130% of
methionine had the lowest and highest levels of feather score, respectively. Main effect of folic
acid on feather score was significant (P<0.05). hens fed diet contain 10mg folic acid compare
with 2 mg had better feather condition. The interaction of methionine and folic acid on feather
score wasnodot significant. Bitasscendiudenl thatth@ wse f i ndi n
of adequate levels of methionine (0.51%) has improves feathers coverage score.

Keywords: Folic acid, methionine, folic acidroiler Breeder hen, feather

Introduction

Feathers contain 92% of crude protein in their dry matter composition (Harms et al., 1979). Amino
acid deficiency or any imbalance in them can have a negative effect on overproduction (Harms et
al., 1979). The effect of amino acids such as sulfur, vdiysme and arginine on the growth and
development of feathers has been studied (Harmes and Russell, 1996). Sulfur amino acids are
more important and necessary for the formation of feathers because the synthesis of feather
creatine is mainly dependent onlfgu amino acids (Harms and Russell, 1996). Because the
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proportion of sulfurcontaining amino acids in epithelial tissue is higher than in muscle tissue,
methionine or cysteine deficiency can affect hyperplasia. Methionine and cystiaaup 0.7%

and 55% of the total amino acid composition, respectively. Therefore, adequate levels of
methionine can reduce cannibalism. In other words, increasing methionine nutrition reduces
mortality and increases filling quality (Harms and Russell, 1996). Various stuaie examined

the effect of methionine on feather growth, so that feathering has been better proven with high
methionine levels. In a study using two levels of methionine (0.37 and 0.42%) in comparison with
the control group, it was found that feedinghnwtifferent levels of methionine in comparison

with the control group, significantly increasedfeather growth (Learbir , 1973). Also, feeding with
different amounts of methionine in a strong white type at the time of moulting, caused the return
of feathersand improved productivity (Latour et al., 1998). In addition, in another study, the use
of dietary lysine and methionine was able to improve feather growth (Lopez and Leeson, 1995).
The effect of methionine nutrition on feather quality has also beenmpbeopez and Leeson,
1995). The most common cause of poor cystine deficiency is poor creatine production, which is
needed in feathers. Sulfoontaining amino acids (cystine and methionine) are the main
constituents of feathers. Creatine synthesis regjuimportant vitamins and mineral cofactors. For
example, folic acid (vitamin B9) is needed to convert methionine to the amino acid cysteine,
which is important in plum production(Hosseini 2011).. The effect of methionine nutrition on
feather quality has sb been proven. Methionine and cysteine Deficiency of this amino acid can
cause problems such feather peckindy the bird itself or other birds in the herd and cause
cannibalism. Due to the conversion of the amino acid methionine to cystine in theéhisodged

for these two amino acids is always expressed in combination, and it is assumed that methionine
easily meets all the needs of cystine in the body, but with studies It has been shown that this
conversion depends on a number of factors, most nyofalld acid. With the provision of higher

levels of folic acid, the need to add methionine to supply cystine may be reduced. Therefore, the
purpose of this experiment is to investigate the effect of folic acid on the need for these sulfurous
amino acids.

Material and method

This experiment was conducted with 320 broiler breeders and-t2&2old roosters. In this
experiment, 8 treatments and 4 replications and in each replication, 10 Broiler Breeder hen and
one rooster were used in a completely randame d desi gn as a factori al
factors included four different levels of methionine (0.33, 0.39, 0.45, 0.51% of the recommended
quantity) and two levels of folic acid (2 and 10 mg/kg). The dietary formulations were developed

in accordanceiith the standard recommended in the Ross 308 catalogue. Birds received a limited
amount of food once a day and had unrestricted access to water throughout the experiment. For
inspection of feather condition, each focal bird was taken from the pen apdinghiback areas
carefully examined for damaged, broken and missing feathers and bald patches. Each body part
was given a score from 0 (best) to 5 (worst). Score 0: Intact feathers, scor 1: Some feathers scruffy,
up to 3 missing feathers, score 2: More dgad feathers, >3 feathers missing, score 3: Bald patch

<5 cm diameter or <50% of area, score 4: Bald patch >5 cm diameter or >50% of area score 5:
Completely denuded ardgilci and keeling 1999

Result and discussion

The results of the main and intetian effects of different levels of methionine and folic acid on

the feather score of broiler hens are presented in Table 1 and 2. The results show that the main
effects of different levels of methionine had a significant effect on the feather scoredlaf b

hens (P <0.05). In the whole experimental period, chickens fed with different levels of
methionine, 85% and 130% of methionine had the lowest and highest levels of feather coverage,
respectively. The results of the main and interaction effectdfefreint levels of methionine and

folic acid on the score of broiler hens are presented in Table 1. The results show that the main
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effects of different levels of methionine had a significant effect on the scores of broiler hens (P
<0.05). In the whole expienental period, chickens fed with different levels of methionine, 85%
and 130% of methionine had the lowest and highest levels of full coverage, respectively. Various
studies have examined the effect of methionine on feathering, so feathering is battaghvit
methionine levelsKowler 201§. In a study using two levels of methionine (0.37 and 0.42%) in
comparison with the control group, it was found that feeding with different levels of methionine
compared to the control group, significantly increaseadhiering Larbier, 1973 . Also, feeding

with different amounts of methionine in a strong white type at the time of moulting caused the
return of feathers and improved feathering (Lartor 1998). In addition, in another study, the use of
dietary lysine and ethionine was able to improve feather growth (Lopez lesson 1995). The effect
of methionine nutrition on feather quality has also been proven (Lopez lesson 1995). Feathers
contain 92% of crude protein in their dry matter composititerihs Russell199¢aDeficiency

of amino acids or any kind of imbalance in them can have a negative effect on feather growth
(Harms, and Russell1996bThe effect of amino acids such as sulfur amino acid, valine, lysine
and arginine on the growth and development of feathersdwsstudiedHarms Russell1996a

Sulfur amino acids are more important and necessary for the formation of feathers because the
synthesis of feather creatine is mainly dependent on sulfur amino koidief 2016¢. Because

the proportion of sulfucontainng amino acids in epithelial tissue is higher than in muscle tissue,
methionine or cysteine deficiency can effect on feather grawdtvier 2016. Methionine and
cysteine make up 0.7% and 5.5% of the total amino acid composition, respedtaeys(
Russ#19969). Therefore, adequate levels of methionine can reduce cannibalism. In other words,
increasing methionine nutrition reduces mortality and increases feather quaditymy
Russell1996n

Figure 1- Feather coverage condition Treatment contaiBirg methionine + 2 mg folic
acid and treatment containibg.%lmethionine + 10 mg folic acid
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Table 1- The main effects of different levels of folic acid and methionine on the broiler
score of broiler mothers in the posthatching period

Treatment
Methionine
0.33 O@ O00® 00O 500 285B 7TR5 4/6 6
0.39 259 000 250 250 285 4R5 4/1 2
0.45 625 1MO 25 2MO 2% 10O 30 1
0.51 185 185 285 285 15 375 2116
SEM 27 5 293 391 280 213 00 5
Pr>F 00 3 0Oo1 003 003 001 00 1
folic acid
2mg 562 562 150 187 2B2 387 3690
10mg 812 625 1RpP5 2pP5 287 3MD 337
SEM 19 4 207 275 197 150 00 3
Pr>F 03 7 o6 7 027 19 00 2 00001
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Table 2- The interaction effects of different levels of folic acid and methionine on the broiler
score of broiler mothers in the posthatching period

Interaction 0 1 2 4 5 Average score
N F
a
(
( ( ( 1m0 8MO 47 5
( ( ( 350 650 a5 7
( ( ( 350 5M0 43 2
4 ( 4 2P0 450 3/9 2
I i z 1/0 250 305
G ] i 2/mO0 150 29 7
] ] y 150 50 0 2130
z ] z 1®0 250 2/0 2
] z ¢ 395 30 1 0/0 7
P-Value 56/M45{/A8]/H5/021/12]/14
0 0 0 0 0 0 0
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Abstract
This experiment was designed to evaluate the effects of adding different levels of cumin
powder on | aying hensé biochemicall20peghoammet er s

laying hens, wB6 strains, at 67 weeks of age, were randomly assigned to 5 treatments with 6
replicates (4 hens per replicate). Experimental diets were: 1_ Control diet 2_ Control + 0.05%
Vitamin E 3_ Control + 1% Cumin powder 4 _ Control + 2¢n@n powder 5_ Control diet + 3%
cumin powder. The experiment was performed for 6 weeks. At the end of the period, 2 birds were
selected from each replicate to measure the blood parameters and antioxidant capacity of the birds.
The results showed that thenount of Malondialdehyde (MDA) as an index of lipid peroxidation
and total antioxidant activity of blood serum was not affected by different experimental diets
(p<0.05). Cumin consumption by 3% and 2% levels significantly reduced blood glucose
compared tdahe control group and the other groups had no significant effect on blood glucose
compared to the control group. Cumin and vitamin E intake in this study significantly reduced
blood cholesterol levels compared to the control group (p<0.05). Triglycesiads|were
significantly higher in the groups fed Cumin, vitamin E. It can be concluded from the results
cumin can improve layer hens' health.

Keywords: cumin, layer hen, cholesterol, glucose, MDA, antioxidant

Introduction

In recent years, phytogenic@pits and their extracts have been considered as growth and health
enhancers. Today, it is known that most of these properties are related to the essential oils and
secondary metabolites of these plants. Essential oils increase the production of digestive
secretions, stimulate blood flow, have antioxidant properties, reduce the levels of pathogenic
bacteria and strengthen the immune system. Among these, cumin has a special place. Cumin
(Cuminum cyminum) with the common name cumin belongs to the Umbellftaraly (Amena
et al. 2006). Cumin is mostly cultivated for essential oil extraction, the main component of which
is cumin aldehydégoli et al. 2006) The use of cumin fruit extract and its plants for animals
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improves digestion by stimulating gastric igimns and increasing appetitéafim et al,1977.

Cumin can also lower egg yolk cholesterol by blocking the activity of the enzyme hy@lroxy
methylglutaryl coenzyme A reductase (CGMG), which is a regulatory and key enzyme in
cholesterol synthesiglountzouris et al., 2008 According to the mentioned properties of cumin,

the purpose of this experiment is to evaluate the effects of different levels of cumin powder on
blood biochemistry and antioxidant status of laying hens in whesed diets.

Material and method

In this experiment, 120 Leghorn laying hens36vstrains, at 67 weeks of age, were randomly
assigned to 5 treatments with 6 replicates (4 hens per replicate). Experimental diets were: 1
Control diet 2_ Control + 0.05% Vitamin E 3_ Gmi + 1% Cumin powder 4_ Control + 2%

Cumin powder 5_ Control diet + 3% cumin powder. The experiment was performed for 6 weeks.
At the end of the period, 2 birds were selected from each replicate to measure the blood parameters
and antioxidant capacity tfie birds. A control diet based on whaaiybean meal was balanced
according to the recommendations in the-lilye w36 strain catalogue. This diet contained
2650kcal AMEN, 15.5% CP, 4.82% Ca. Then different levels of cumin replaced the neutral
substanceni the diet. Blood was taken from a chicken wing vein using a syringe. After collecting
blood from the birds (2 birds per replicate), it was centrifuged at 18 rpm to separate the serum.
Measurement of serum biochemical factors of experimental samplesri@mpe using (ral.co)
617-CLima device made in Spain and single point experiment was performed by photometric
method. To measure serum triglyceride, a kit with Pars Azmoun brand and catalog number
1500032 made in Iran was used. Basis: Triglyceride isartenw by lipase to glycerol and free

fatty acids are hydrolyzed glycerol by glycerol kinase in the presence of an ATP molecule to
glycerol 3phosphate. Glycerol -Bhosphate Glycerol -Bhosphate oxidase produces H202,
which in the presence of peroxidase hwit-aminoantiprene produces a red pigment called
Quinoneimine. The resulting dye intensity is proportional to the more concentrated serum
glyceride concentration and is measured atm20 nm. To measure serum cholesterol, a kit with

Pars Azmoun brand amétalog number 1500010 made in Iran was used. The basis of the work

is that first the cholesterol esters in the sample are hydrolyzed by the enzyme cholesterol esterase
and then free cholesterol is produced by the oxygen molecule due to the actionmalythese
cholesterol oxidase, colosthetreion and oxygenated water. Oxygenated water reacts in the
presence of peroxidase cia#ino antipyrine and phenol to produce the red color of quinonine.
The higher the amount of cholesterol in the sample, the onggenated water and consequently
more dye is produced. The resulting colour int
at 546 nm with a photometer.

Result and discussion

The results of blood sample analysis are given in Table 2. The relsolted that the serum
glucose level significantly affected by cumin in diet (P <0.05). Blood glucose was decreased by
3% cumin powder level and decreased from 176 to 129 mg / dl, but serum glucose was not
different between levels of cumiSerum glucose iel was not affected by vitamin E in diet.
Cumin levels and Cumin levels and vitamin E levels had a significant effect on serum cholesterol
levels compared to the control group (P <0.05). However, there was no significant difference in
cholesterol leveldetween the groups fed with 1%, 2% and 3% levels of cumin or vitamin E.
These four groups reduced cholesterol compared to the control group by 49.7, 43.7, 66.3 and 67.4
mg/dL, respectivelyExperimental treatments increased serum triglyceride compardik to
control group (P <0.05). The highest serum triglyceride level was related to the level of 3% cumin
and the triglyceride level increased by 0.4% in the groups fed diets containing 2%, 1% or vitamin
E and in the control group. Addition of different levef cumin and vitamin E to the diet of
laying hens did not significantly change the total serum antioxidant capacity and serum
malondialdehyde compared to the control group.
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The results of this study are consistent with the report of Karimirad et &8)(Zthey reported
that different levels of cumin reduced serum glucose. HoweverJRigin(2011) reported that
cumin levels similar to this experiment had no significant effect on blood glucose. Similar with
this research, Khalaji et al. (2011) reportledt the 200 mg / kg of vitamin E in the diet of laying
hens caused significant increase serum glucose. Also, They also reported that different levels of
vitamin E had no significant effect on serum cholesterol and triglycerides. Contrary to our
findings, other researchers have reported that 200 mg/ kg-#&dgbaherol in the diet of laying
hens had no significant effect on cholesterol and triglycerides (Ariana et al. 2011). Vitamin E
reduces the oxidation of serum LDL and HDL and their action is by lgrgbis to phenolic
compounds (Han et al. 200Rarimirad et al. (2013) reported that the effects of five levels of
cumin 0.5, 1, 1.5, 2 and 2.5 were studied in which treatment containing 1.5% cumin and treatment
containing 2.5% of cumin had the highestd lowest serum glucose concentrations of quail,
respectively. This is consistent with the results of this study, while in the report of Pish
Jang (2011) it was stated that the use of 1%, 2% and 3% levels of black cumin did not have a
significant effecton serum glucose, in other words, glucose levels. Blood serum of chickens fed
different levels of cumin did not differ significantly from the serum glucose level of the control
diet. Also, serum glucose levels of groups fed with different levels of cusri@ mot significantly
different from each other, which contradict the results of this study. The reason for lowering
cholesterol when using herbs is that it inhibits the synthesis of farnesyl pyrophosphate (FPP) as a
precursor to the synthesis of cholesteor that the activity of the enzyme-Hhydroxy-3-
methylglutaryl enzyme (HM@&0A) hepatic reductase Prevents and reduces cholesterol synthesis
(Elson and Qureshi 19998imilar to our results, Soheil et al. (2013) showed that black cumin in
the diet with aconcentration of 5% and 4% had a significant reduction in blood cholesterol. The
results of this study are consistent with Karimirad et al. (2013) who reported that different levels
of black cumin reduce serum cholesterol, whitesh-Jang (2011) reportd that the use of
different levels of black cumin Serum cholesterol decreased by 2% and 3%, respectively, but the
serum triglyceride levels of chickens fed with different levels of cumin were not significantly
different, which is consistent with the resultf this study. Khalaji et al. (2011) also reported that
plasma cholesterol triglyceride in broilers fed one percent black cumin did not change
significantly compared to the control treatmednta similar study, which used levels of 1%, 2%
and 3% cuminn the diet of laying hens, the level of serum malondialdehyde decreased compared
to the control treatment and the total antioxidant capacity ratio Was increased in other treatments
(Guler et al.,2007). Galobart et al. (2001) reported that supplementatiom diet with vitamin
E increased alphtocopherol storage and thus inhibited the oxidation reaction chain in transient
egg serum. The MDA level in chicken serdid not change significantly.

Table 1: Effect of different levels of cumin on biochemicakdes in the blood of laying hens

T T C C T MDA( Omo

C 1.4 237.F 176 199 2.66

Cumin 1% 1.8° 188.9 157° 203 1.7
Cumin 2% 1.8% 194.9 136.33 197.3 1.9
Cumin 3% 1.9 171.4 129.33 197.8 1.8
Vitamin E 1.9% 169.6 161.9° 205 1.8
SEM 0.08 14.28 11.97 6.6 0.2

Pr>F 0.001 0.001 0.02 0.9 0.06
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¥zet

Bu -al ékmada stereo g°r¢nt el eme sistemlerii vV e
bir derinlik algéelama si stemi gel i ktirilmicktir
ile NVIDIA Jetson Nano yapay zel@e | i Kkt i r me ki ti kull anél mékt ér .
sonu-1ar é etkil emesini engel | emek amaceéeyl a S
ger-eklexktirilmi ktir. Kal i brasyon sonr aseé el d
gor¢nt ¢l erk dvee] ravylntéulenpui pol ar d¢gzl emde ol an sol
farkl él ek dejerl eri hesapl anméxkt ér . Bu dejerle
kull anéel arak sol kamera g°re¢nteéesenel mukt ort aml
Dojrul tul muk sol kamera g°r¢nte¢gseg ayné zaman
segmentasyon i kKleminden ge-irilerek gl°re¢nt el oer
-éektésé olan bu renkli resi m iHSIVI eraebka nmheés k ea | g8k
el de edi |l mi ktir. El de edilen bu maske g°r¢nt s
insan fige¢gre¢g dekéendaki -evresel derinlikler el
uygul anarak hedetea vPihRseslkilk kBkiepmkselderinl ik
¢al ékma kapsaménda uygul anan y°ntemler ve al gor
iczerinde -aléekabil mektedir. Bu -al é@ékma robotik
ve3boyt |l u yeniden yapélandérma gi bi pek -ok al an
Anahtar Kelimeler: St ereo G°r ¢nt ¢1 e me, Semanti k Segment a.

Zeka, G°r¢nte, Kteme, BilgisayarleGPre,
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Human Distance Detection With Stereo Camera and Atrtificial Inelligence Based Depth
Estimation System

Abstract

In this study, a depth estimation system is developed using stereo imaging systems and
artificial intelligence applications together. Integrated stereo camera module and NVIDIA Jetson
Nano artificial intdigence development kit were used as hardware. In order to prevent camera
distortions from affecting the results, calibration was performed with the chessboard image. The
frames of the cameras were rectified with the help of the matrices obtained froaiilination
and the disparity values between the left and right image pairs that are on the same epipolar plane
were calculated. These values were filtered by Weighted Least Squares (WLS) filter and the depth
map of the left camera image that is compatiblth the environment was created. At the same
time, rectified left image was processed by semantic segmentation process based on artificial
intelligence, and the human figure region in the image was colored. Then this colored image was
masked by HSV coldfilter, thereby masked image was found. Using this obtained mask image,
the depth image was masked and the peripheral depths other than the human figure were
eliminated. A pixelto-pixel mapped depth map was created by applying image noise reduction
filters on the output image. The methods and algorithms applied in this study are able to work on
reaktime mobile systems. This study can be used in many fields such as robotics, depth sensing
systems, augmented reality and 3D reconstruction.

Keywords: Stereolmaging, Semantic Segmentation, Depth Estimation, Artificial Intelligence,
Image Processing, Computer Vision

1 GKRKKk

Gée¢negmegzde yapay zeka, ger¢nt gl eme ve yaré ile
gere¢é¢nt ¢ i KI e me -al ékmal ar éna héz kazandér méck:
fiyatl aréndaki d¢kegk il e goreéent ¢ sieblepime gi°Plmaganlt
i kKl eme cihazlaré ve algoritmal aré arteéek hayate
ait sahneler, kameralar yardéméyla elde ediler
i se sayeéesal veri leyéesa-levoedarimekbaedi sl erBiu Isel | e
sakl anmakta ve iKI|l emci cnitel eri yardémeyl a ¢:
Kameral ar taraféndan g°r¢nteglenen sahnenin 2 b
yeterliolmamayad k | amékt ér. ¢evreye ait ¢-¢nceg boyut bi
g°revlier ger-eklextirilebilmektedir. Son d°nen
°nem kazanmaktadér. En b¢yéik sosyal bogatldya «kirk
sanal d¢nya projesi ol an Ametaverse projesio
-evreyle olan etkilekimlerini kull anmak i-in d
¥rnek vermek gerekirse onano@&mkamr aehagel Ibefryil el
otonom asker:i ci hazl ar hedefl eriyle aralareéend
nesnelerle temaséné bu ¢-¢nce¢g boyut bil gisi s ay
Derinlik deflebihmesieldei mdpek -ok sistem gel .
y°nteml er i bakéméndan aktif ve pasif al gél ama
yayén yapar ve yansémanén d°n¢gkendeki bil gi de
(Massa vd. 1997:543) . Pasif sistemler ise -evr
yapmaya -al éxeéerlar (Zhao vd., 2020:2). Knsan (g¢
her hangi bir yayén yapmaddn kd evi emsi rndaehkmi nn eesdre
derinl ik al gel amaséndan t¢eretilerek ol uktur ul
sistemlerdendir. Birbirlerine paralel yerlextd.i
al anl arée birbiumdediéyl. e Ayalké w@amacudi |l i mi nde al é
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czerinde iklemler yapélarak insanén derinlik
kameral arén kekfinden sonra bu alanda pek -o0k
tahmil er d e kl asi k hesapl ama yenteml er i kull ane
-alekéel mékt éer . Son d°nemde yapay zeka temellli
halinde derin ajlara °jJretilerek i | gaidleir pi kse

(Zbontar J. & LeCun Y., 2015:1593).

2. MATERYAL VE METOD

Ger-ek d¢gnyaya ait sahnel er kamer al ar yar deéeme

i karetlere sonrasénda ise sayésal verilere -e
i ziemde tutul arak sakl anmakta ve i kKl emci cnitel e
veril mektedir. Bu -aléekmada NVIDIA Jetson Nano
kamera olarak da IMX218 3 mod ¢l ¢ kul |l anél mée kga@&rrt. u Kazanerr ian dea
ger-eklextirilmi ktir. Kklemci ¢zerinde Ubuntu
programlama dil.i ve VSCode geliktirme ortamé Kk
ortaménda OpencCV, PI L,r inukmplyl avneé | gméokbt €kr¢ t ¢Apl heannaer
540 boyutl arénda kaydedilerek ¢zerlerinde gor ¢
kapsaménda ger-eklexktirilen ana g°r¢nteg i Kl eme
segmentasyondur.

213 ereo Go°r¢nt¢egleme ile Derinlik Tespiti
Stereo algoritmalar s ol ve saj resimde bul une
hesaplamayé ve elde edilen bu farkleéeleéek (dispa
hesapl amayé @¥aydalmakt azlGx6: 113). Stereo al gori
taksonomi ye dayanmaktadeéer . Bunl ar ekl ekme dej e
dejer topl ama (cost aggregation), farkl el ek F
i yiilremet (di sparity refinement) olarak séral anma

kekil 1. Stereo G° (Bguainhvg. 28618:40.1 €l ék Hesapl ama

x,q xl
-E —— — »>
=) disparity
baseline (b)
Left Right
camera camera
(a) (b)
kekil l1.a6da P noktasénda bulunan bir nesneni.i
kameraya ait ger@ueainoktuaiuar @okhkt @l e ebul mkkt
gereée¢ntéenegn st ¢gste bindirilmik durumu go°steri
(O RO TN @)
Ove®araséendaki pi ksel farke farklélék (dispar
yakl akt ek-a rfteérkk Ig@ls@lkerdeaj.erEiRid ¢i §° 406dei Far ki et

o = )
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Elde edilen bu farkl éleée koddaekj ewZ akilleg et akbuan ame
kameral ara ol an uzakl e@pcerelnde Keldd enjeebdill mir,é n Exd 4
uzakloepeneki kamera araséndaki taban mesafeler
Nesnelere ait tekbpitdéerbnonl skvdgpdel ol aynot sa
-ok zorlu durumla karkél akélabilir. Gore¢ent gl e
pi ksel e ait derinlik dejerinin hesaplanabil me
(Hamid vd., 220 : 2) . Bunlardan en -ok kullanélanlar b
y°ntemleri sayesinde pikseller ayarlanan -er-e
bir dejerlendirme sonucu ¢retilir.

kekil 2. Blok Exkl em®@l ukteufFalr hde€é¢ ekSdHarvd al] azn@ 5

Search Range

Disparity Displacement
kekil 2 ile sol g°r¢ntegye ait piksel saj g°rén
farkl el ék dejerine ait dejer (cost) hesapl amas
tespiti ger Sek!| gRtrigmni lg mipk tkis el i i -in belirlene
kaydereéelarak her i ki g°r¢nt ¢ arasénda ekl ekme
farklar topl amé (s-b6AD)f abs$al atma diafrkee-hanasé (
MSE) vb. i stati ksel hesap y°ntemleri kul l anél m
benzerli k karkél éejé olan dejer se-ilerek il gil
yardéméyla derinlik depBSewd, 20059)apl amasé ger - ekl

2.2. Semantik Segmentasyon

G°re¢nt¢ segmantasyonu, benzer sénéflara ya da
grupl andérél masé iklemidir. Bu iklem sayesinde
faydalahkelkarar i Kl eml er i ger-eklexktiril mekt ec
grupl andér ma i k|l emi incelendijinde segmentasyo
segmentasyon ve panoptik segmentasyondur . ¥rne
£néefa dahil ol an birbirinden farkl e nesnel eri
i se ayne sénéfa ait t¢ém nesneler tek bir segme
bir arada bulunduj u segmenstyaosy ool atr¢arke aidd ea nmam:

(Minaee vd., 2021:1).
3. ARAKTI RMA BULGULARI VE TARTI kMA

Bu araktérma kapsaménda stereo kameradan al éna
tahtasé y°ntemi kull anél arak kalibrasyon matr.i
matri sl eri hesaplanmasé i -in solgswywe ad @inméaxmenm ¢
gere¢éent el erde el de edil en matrisl er yardéme:
ger—ekIeKtlrllerek dojrultul muk kalibre tek ka
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kekil 3. Sol ve Saj Kamera RGB QPfIrmunt ¢Qrer i (|
GoPre¢ntegler (Altta).

Bu g°re¢ntegler kull anélarak OpenCV k¢t egphanesi 4
met odu kullanélarak farkleéeleéek (disparity) dej
pi ksellerin hersédihesapkbaemekt @&ari tal ama

kekil 4. Sol Derinlik haritasé, Saj Derinlik L
(Sol dan Saja).

2008 yélénda Dongbo Min vd. WLS filtre kull ana
(occlusion}Y bargékeéeéek dejerleri ¢zerinde iyile
2008:1431 & Min D. vd. , 2014:5638) . El de edi | «
gere¢nteg WLS filtresinden ge-iril erketki ri.yi l exktir
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kekil 5. Derinlik Haritasé Sonucu ve R

Farkl él ek dejeri hesaplanan sol kameradan el de
semanti k segmentasyon fonksiyonuna besl ener ek

zeka modelinden ge-iril er ekt lyapay zekemgoded S8UNa sy on g
RGBD veri seti kull anélarak ejitilmi ktir (Silobe
-%z¢c¢ (decoder) resnet temel |i mi mariye sahi
ajérl ekl andeéerél ér. @lluxtiur ul an bmedehemgek i Kélgt®:
segmentasyon g°r¢nt gse pi ksel bazl e ol arak 1ins
kekil 6. Soldan Saja Semanti k Segmentasyon ve

Segment asyon g°%°gmebul umdcauwujnu fpigkselnl er i mav i re
Renkl endirilmik bu g°rsel RGB g°r¢nt¢g format én
renk maskeleme fonksiyonlaré kullaneélarak i kil
gor¢nt ¢gs g ¢inesan tfipgksell eri 1 dijer pikselleri
maske g°r¢ntegseg i le WLS filtresi -éktésée ol an
-arpélarak insan fig¢grenegn derinlijini tespit
k e kiNli ha.i Sonu- Goreé¢nt éseé.
Bu sonu- pikselleri czerinde median ve Dblur gi
iyilektirilmiktir. Ger-eklextirilen iklemlere
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kekil 8. Uygul anan GP rBIndk, Kermesme. Y°ntermn

Semantik
—»  Segmentasyon
(SegNet)

HSV Renk Maskesi

Y

\_) Y
o J Kalibrasyon Sol SGBM
Sol Goriintt > Dog;’jtma Farklilik Hesaplama "l WLS Filtre Mas?(ggme
: Gurtlta
Sag Gorintl > Kallb\zzsyon > Sag SGEM A'zaltma_
Dogrultma Farklilk Hesaplama Filtreleri
Cikti
Ger-eklexktirilen -aléekma ger-ek zamanl é& ol ar ak
-er-eve hézlarée 1 Hz civRareada getielbllexmiOt ib
64. 3% dojruluk oranéyl a -J&lt&swtné rNalndeé j¢éznedra n2d& FR
second) -er-eve hezénda, 640x512 boyutl ar énda
-al ékmaktader . Ger-ekleken t¢gm i Kl emler SegNet
4 SONU¢
Bu -alékma sayeel adakgg?regk abamnal e-erisinde hze
ait tespit ger-eklexktirilebil mekte vV e deri nl
segmentasyonun ger-eklextirildifji model i n bakk
geliirktd ebi I ir. ¢tal ekmada hesaplanan derinl ik h
-evrenin iyi aydeéenl at K ol masé bl ok ekl eme
maskesinin séneérl ar é

éndan daha ivyi bir

él meée

d¢zenl eBeur e-ka liéyimaedkat ikruilll e
kart

ebileceji °ng°r¢l mektedir.

yapay zeka g
ger -eklexktiri
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¥zet

Toplumun tamamé veya belli kesi ml e rlerim i et kil
durduran veya kesintiye ujratan, yerel imkanl a
doj a, teknol oj i veya insan kaynakl e ol aylar af
afetler, end¢gstrivyel k uyrauy aulkd m r gliab iy aemmgdens t rpiayt d |
tetikleyebil mektedir. Bu kazal ar , d dlgtusal afetl e
Hazard Triggering Technol ogical Di sasters) ol &
kazal aréna wé€lnekurkulemdlgetada ri sk anali zi ama- | @
kaza verileri -exit-DATveei eNabaoha)gegtzeMARSBenEM
SPSS programé ile analiz edilmiktir. la&maliz so
sel ve yéldéerém ol duju( %19) ; atmosferi k depol a
etkilenen ve b¢tegnl ¢k kaybé yakanan eki pman t ¢
afet te¢egreg riskini baréndéemnmekitler . ¢ Ak e@mindain, i fr E
depolama tanklare i-eren ve B¢gyeéek Endestrivyel

Hakkéenda Y°netmelik kapsaménda dejerlendirile
kurul ukl arda, yeéclidséir eé°nz ealfientdet irpiis kt eatniaklliezyii y apE€
-al éxkxmada sunul muktur. Yeéeldéeréma °zel ol masé v
ri sk analizinde Yél komer programé kull anél méxk
sonucufanday kafesi ve paratonerin tesis ¢zerindek
hesabé yapél érken yapénén; -evresel durumu, dol
g°z °n¢nde bulundurul makt adécrak Yba®plégneenni ne ny, e | bdoeyr
sayésénén i kKlenmesi sonucu tanémlanmexk for mg¢gl |
yojun b°l gede yer alan ve daha hacimli tanka sa
Yerl ekim b°l gelsain ik-uerruilsuikn d-ee vyreer haal kénén, kuru
etkisine sahip t¢eém kuruluklarén bilin-1lendiril/l
Anahtar Kelimeler. Doj al Afetl er, Dojal Afetlerin Teti kI €
Analizi
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Risk Analysis of Technological Accidents Trigged by Natural Disasters

Abstract

Disaster is defined as natural, technological or humduaced events that affect all or certain
segments of the society, stop or interrupt normal life and human activities, and causdfoss of
and property for which local opportunities are insufficient. Natural disasters may trigger industrial
accident risks such as fire, explosion and toxic emission in industrial establishments. These
accidents are called technological accidents triggeyedtural disasters (NatetNatural Hazard
Triggering Technological Disasters). In this study, it was aimed to analyze the risk of Natech
accidents in industrial establishments. First of all, historical Natech accident data were evaluated
on various datases (eMARS, EMDAT and eNatech) and analyzed with SPSS program. As a
result of the analysis, it was determined that the most important triggering disaster types were
landslide, flood and lightning (19%), and atmospheric storage tanks were the typepaieadui
that was most affected by the effects of natural disasters and experienced loss of integrity (19%).
The province that has the risk of these three types of disasters has been determined as Erzurum
for our country. Then, two industrial establishmentshie province of Erzurum, which contain
storage tanks and were evaluated within the scope of the Regulation on the Prevention of Major
Industrial Accidents and Mitigation of Their Effects, were selected. In these establishments, a risk
analysis was carrieout for the trigger of the lightning disaster type and the results of this were
presented in this study. Yél komer program was
specificity for lightning and the parameters taken into account in its comtemtassumption of
the program is to reach the efficiency level of the faraday cage and lightning rod on the facility
after being struck by lightning. While making lightning risk calculation, the structure;
environmental condition, full, structural featareisage parameters are taken into consideration.
Analysis is carried out based on formulas defined as a result of processing the width, height,
length of the structure and the number of lightning days of the area to be studied. A higher risk
has been detmined in the establishment that is located in a densely populated area and has a
larger tank. The necessity of raising the awareness of the people of the establishment located in
the residential area, the institutions and all the organizations that lpasible domino effect
has been revealed.

Keywords: Natural Disasters, Technological Accidents Triggered by Natural Disasters, Risk
Analysis

GKRKK

Depr em, sel , férténa, akéreé sécakl ek vb. gi bi {
veya takéyan tesislerde yangénl ar e, patl amal a
teknolojik kazalar (Natech Naturel Hazard Triggering Tenblogical Disasters) olarak

adl andeéeréel makt adeér . Y¢zyéll arca °nlenemez fel a
bakl amasé sonucu endg¢striyel kazal ar il e taneé
berakan felaketletéananumslamklya nkinmpadbalp luduju
Teknol ojik afetler, doj al afetlerden farkle ol
ortaya -ékmaktader . Bu sebeple -exitli tedbir
°nl nebi kilterwieyazeaelttel abilir. Ger ekl i °nl eml e
tetlkledlji teknolojik kazal ar, ciddi sosyal,
Natech risk dejerlendirmesi, bu t ¢ msklkiaz al ar én
belirl enmesi ve risk azaltmada gerekli ©°nl emle
Literatg¢grde Natech kazalaréna y°nelik -al ékma
yapélan -al ékmada, Nat ec méeqg | ay lhari & nt éerk ne]jl iolj ii rki ,:
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i nsan kayeéeplaré a-éséndan sonu-I|larén anl akeéel ma
ge-mi kK kaza analiz edilmiktir. Ferténa, aker e
oranl a Natech klogd wiyd iagien@oh d ujeu Ve t oksi k yayeé
koyul muktur (Ricci vd., 2021). Kimya ve Proses
ol aye, ARI A, FACTS, e MARS veri tabanl areée ¢zer.i
etkil edieki y9ama¢gnden analiz edil mi ktir. Artan m
sellerin °nemli etkiye sahip olduju saptanméxkt é
-al éxmada, end¢gstrivyel tesi sl er dkei ry éy alkélr &@umé nréir
gel i ktiril mesine katkéda bulunmak amaceéeyl a ARI
ver.i tabanl areée analiz edil micktir. Depol ama t an
-arpmasé sonucu zehirl:i salhecemavear@&@hlknmexamegeéer
2010). Yelderemén tetikledif5j.i kazal arén, kant.
bir metodol oj i geliktirilmik ve ©°zel olay aja-|I
et kil eri i,- ian moysdwelramkkmékankl arda etkin olduju g
Bu -al ékmada, Natech kazal aréna y°nelik endg¢st
ama-la dojrultusunda °ncelikle ge-mikdahaza ver
bu analiz éxkxéjénda belirlenen kuruluxklar Yeél ki
programéyla analiz edil mixktir. Yapélan anal izl

NATECH KAZA VERKLERKNKN KSTATKSTKKSEL DEJERLEN]

¢al é K NARSASEMDAAT ve eNatech veri-202Rhawylédadar gzarial
son 15 yel i -erisinde meydana gelen Natech ka
saptanmécxkt er Veri tabanlaréndan ebdedefiinl enf e
tipi, etkilenen tesis ve etkilenen ekipman t ¢r ¢
(kekil 1) .
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kekil 1. SPSS prograména ikKlenen veri/l
GI‘.ME{“HKDNGS?N]-WSP‘SSS'.NIHI[SDJHMIIL‘I’ - a X
fle Edt View [Data Transrm  Analyze Graphs  Unlties Extensions Wndow  Help
— 0, = mn L = - (]
.,EFJE,T“ r@ﬂ:ﬁ H Eazs 1_4'0E0\
Viaible: 6 of & Vanables
B dalokasyon i dogal st ah_grup o dodal et tip a Hklenen tesis a elldensn_elipman tird var ar war it w |
1 2911 2007 Martinique, Fransa Jeolojk Deprem gk Fabokast 2
2 08.03.2010 Bonaire, Karayip Hallandasi Metearologk Yidinm BOPEC tank terminal Atmasfarik depelama tanklan
1 11032011 Tohoky, Japonya Jeolopk Tsunami Deniz petiol termunah
] 11032011 Tehoky, Japonya Jeologk Tsunami Hirong termk santrali
§ 1032011 Tehaky, Japonya Jeolojie Deprem Cosma petrol rafinerisi LPG depalama tankian, 3sfat tanklan
§ 1.03.2011 Tohoku, Japonya Jeologic Tsunami JX Sendai Rafinensi Depelama tanklan, boru, boru hatt
1 11.07.2011 Cyprus, Kibng Meteorclojk Sicak hava dalgass Site M Agik konteynertar
L] 17032011 Fransa Metecrolojk Yidinm Feyzin Rafnen Atmasfarik depelama tank
3 07022012 Fransa Meteorolojk Donma Site 20
1 10022012 Fransa Metearolopk Donma Site 1§
1l 02042013 La Plata, Arjantin Metsarolojk Sl Petrol gicketi Elektrk trafosy
2 052013 Elovador Jeolopk Heyelan Trans-¢ekvador petral boru hatt Boru hath
1 06032015 Puignana, kafya Jeoji Heyelan SHAM Dogalgaz boru hat
'] A7 042015 Greeley, Amerika Metaseolaj Yidinm NGL atk su engsksiyon tesisi Fibeuglas ik su tankn, atmosfank depolama tank
15 29072015 Kuang Ninh, Vietnam Metearolojk Sel Quang Minh ki madani Ak baraj
1 2004 2016 Jurong Adasi, Singapur  Meteorolapk Yidnm Jurong adas Atmashenik depalama tank
1 14062017 Maksika Meteoraloj Sel Ankonio Dovali Jaime PEMEX rafinenisi Atk tutma havuzlan, slektrik iransformatind pompa
18 082017 Teksas, Amerika Metecrologk Tropikal siklon ~ Arkema Crosby tesisi Sogetuculu rimork
B 09032017 Linmo, kalya Metecrolojk Sel Livorms ENI rafnen Yagmur suyy toplama tank
i 07 042020 Ekvadar Jeologic Heyelan Trans-¢kvador petrol bony hatt sistemi
il 07 04 2020 Elvador Jeolopk Heyelan Petropenu-dqutos sehe ralnensi Boru hatt
2
u
. I }'
Data View Vanabte View
15M SPSS Statistics Processor is ready It} Unicode N Classic
Programa i enen verilerin istatistiklIleri dej
met eorolojik afetlerin %57, 1 oranla jeolojik a
1).
Tablo 1. Natechd e neden ol an dojal afet alt g
Doj al Af et Al| VeriSeti Y¢zde (%)
Jeolojik 9 %42,9
Meteorolojik 12 %57,1
Meydana gel en dofj al afet tipleri di kkate al énc
oranéyla heyel an, sel ve yél dérémen °ne -ékte]j
(Tablo 2).
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Tabl o 2. Natechd ermnemdendall &@h édnej all afet tiple
Doj al Af et Ti Veri Seti Y¢ezde (%)

Deprem 2 9,5%

Donma 2 9,5%

Heyelan 4 19,0%

Sel 4 19,0%

Sécak hava di&1l 4.8%

Tropikal siklon 1 4.8%

Tsunami 3 14,3%

Yel dér ém 4 19,0%

¢al ekxmada, doj al afetlkatayaenedeébemesiani begt ¢t e
yakandeéjée ekipmanlar da dejerlendirilmiktir. A
en fazla etkilenen ve b¢tenl ¢k kaybé yakanan e
izl edijJi g°r ¢zlanh¢akrtésnrd.a Neattkeiclhe nkean ek i pmanl ar én i
veril mi ktir

Tablo 3. Natech kazal arénda etkilenen eki pmanl
Ekipman Veri Seti Yéezde (%)

A-ék konteyng¢l 4,8%

Asf al t tankl|l {1 4 8%

At ék barajeé 1 4 8%

At ék hauvtunzal ar| 1 4 8%

At mosferi k d¢4 19,0%

Boru 1 4.8%

Boru hatteé 3 14,3%

Depol ama tanik1l 4.8%

Dojalgaz boril 4,8%

Elektrik trafosu 1 4.8%

Elektrik trargl 4.8%

Fiberglas at¢l 4,8%

LPG depol ama|l 4,8%

Pompa 1 4,8%

Sojutuculu rf91 4,8%

Yaj mur suyu (1 4,8%
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RKSK ANALKZK YAPI LACAK KL ve KURULUk SE¢KMK
¢al ékma kapsaménda yapeélan istatistiksel dej e
tiplerinin Natech kazalaré ©°zelinde ©°ne -ékteé]j
gel en heyel an, sel ve yeél deéer étakehir il belifrénenek bazénd
i stenil mi K; T¢rkiye heyel ang sel ve su baskeénl
haritase ve T¢rkiye sel ve su baskénl aré harit
kekil 2. T¢rkiyeCoepyveaetpna Haeitt hpr2023%5p
mn.cAmsrA.\ \\ KARADERNIZ \
O
AMRIMRAOEWI
5 i
CJ} aﬁnu.l bl oy
/z‘\;) MANTSA
b)) CS\Q\\,.., 3 v
e " e masSuuass ot
o o~ i T sBanan S
w m“ onum umu °
@3 € Q? SURIYE
g b T Oen  TURKIYE HEYELAN AFET HARITASI
K syl o Hmerkezien
, of Aln s mn e | 75 spstremce .
mxs = w owm m Cﬁ*‘“-“i--
1-10 1020 2030 3040 4050 50>
kekil 3. Térkiye sel har
BULGARISTAN KA RAMD ENITZ
Tt \ e — SR
YUN ,\ p— A’/-/ s I:\f ™\
B = e g
- o
P o . z
Q{:\’;\\L L .
RN 2 a
.. 9 . q -
z:fé’/\\‘i;m;‘u 2 R4 ©
w "5/;’11 — iy < 2
e /QKC\F‘:K%)”L ‘,\Z\ )"- ;—\\' 3 :
< N focascya
& 154 / —r \\/ 5\{_)’& K Ol sayrst (ki) n rncr.kezteﬂ
- AKDENIZ //" (\ B D ‘ ""‘%g m&’mﬁlﬁ&“&&’ﬁﬁﬂf”’
J Kre ) 3{% 80-100
?:":,‘:‘L,fa:m;x‘:,:::'m t\ 21,‘"'//1 < G ‘ 14 59 1019 2020 30-40
Haritalar incelendijinde heyelan ve sel yoj un
belirl enmik, yél déréem i -in $ekve theyalag iverildriiilk gi ye u
uyumlu ol acajé °n g°r¢l megktegr Erzurum il inde
anali zi -al ékmaséné yg¢egregtmek ¢zere 0 ki farkl e
ve Etkilerinin An@lttimell mks e atpslakm&@mdla Yaz depol
i Kl eml erini ger-eklektiren kuruluklar se-il mik
gore¢nt¢gleri seraséyla kekil 4 ve kekil 506 te g
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kekil 4. Kuruluk 1 Google Earth g°ry

Googl e Earth g©°r ¢

Belirlenen kurulukl arén her biri yéeldérém afet
edi | mi ktir.

KURULUKLARDA YILDIRIM AFET TKPKNE Y¥NELKK RKSK
Ham petrol ¢n rafi niezrii zfa szyioknsue |y avneé nkdiamybaisrald i k|

edilen LPG; takéma esnasénda basén- uygul anar ¢
baseén- kal der él arak tekrar gaz haline geri de
bul unmasé mentlanii deipmiersy®nuna; gzl erde, mu k o z
tahri ke neden ol maktader. Sajl ek a-éeéséndan ol u
ol duju i-in herhangi bir kaza ya da sr@aménteé hal
ol ukturmaktader Bu sebeple LPG istasyonl are vy
g°ren riskli tesisler arasénda yer al maktadeéer

edi |l mesi ve dejerlendirilmesini °nemli hale ge
Yéldérém Risk Analiz Programé Parametreleri

Yél dérém muht e mel etkilerinin belirlenen kur
met odol ojiler araktéreéel mék, Yélkomer ve Radsan
(EK1,EK2) . Yézrz&«mwmimeden edil en programén faraday ka
programén i se paratoner sistem i-in uygul amaya
yél dérémén -arpmasé sonucu faraday kafesi Ve

u akmaktér. Parametre tanémlaré akajéda madde h
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Cl ¢evresel Kat sayeé: Yapéya yakeén
parametresidir. 0,250 ten baklayép 2

Tabl o 4. ¢yeév(r@ls)e | Kat sa

o<
®

4SgPNBasSt Yl dale&gPo/ mo
,I-LJP LeyPs 5FKI e
0251 | N1 aPyRS 7\ s
Cl 0,5 ,N1éél A€ T 2fty
1 9y el | PY eILJPéI- dzl
2 1 f35RS Sy &Nlasyd
C2 Yapeéesal Kat skwyél aKekanamamaseamedan tg¢ r¢ ve

katsayé parametresidir (Tabl o 5).
Tablo5.Yapésal Katsayeée(C2)

L LPalrt YFGal@Po/ Ho
Lt Lk4d! METAL YTw9 YANICI
C2 METAL 0,5 1 2
¢ F[! k. 1 1,5 2,5
¢y ¢ 1. 2 2,5 3
C3 Yapeéesal Katsayé: Yapénén yangén riskinin b
kadar dejerlendiril mektedir (Tabl o 6).

Tablo6.Yapésal Kat sayée(C3)

L LPalrt YlFGalePoé/ oo
05 5SESNRERAI
olmayan
C3 1 b2NXI X &l
2 5SESNI AS ¢
3 t I NX I @ POP>
C4 Yapé Doluluju: Yapénén insanlar i-in tehli
dejerlendiril mektedir (Tablo 7)
Tablo7.Yapé Dol uluju(C4)
L LIP 521 dzf dzEdz6/ n v
0,5 Personelsiz bina
ca 1 b2NXIFE 1t ¢
3 Panik rizikolu, tahliye
I 2 NI dz£ dz
C5 Yapé Dol ul ujul/ Yél dérém Sonucu: Bu par ame
yél dérém sonucu, faraday kafesi i -in kul |l a
adl andeéeréel makt adeér . Bu par aneltér ea y akpa@da&rn d ejvere

parametredir.

Tablo8.Yap e DquIuju/YéIdérém Sonucu(C5)
Yapé ol uluju/Yeldéerém S
1 S¢rekl kul |l angé
dejersi z
C5 5 Sierekli kullaneé
10 ¢tevrede dejerli
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Etkinlik ve Korumap ar amet r esi dahi inde etkinlik seviye
alté keklinde kull anélan sistemin koruma seyvV
eviyeleri a-éklanacak ol ursa;
Seviye 1: 200 KkAO6 | ik ak edma rdoeejleerriinnei ns aohlidpujeun
l e al maktader. il kemi zde bu kadar ge-1¢ yeéeld
°]l gel erde yer alan petrokimya tesisleri yg¢kse
Seviye 2: 150 kA6 | ik akemigbdekegmrzde BahspnpuA
urdur , Aydén gi bi g¢eney il lerimizde go°r ¢l mekt
astanel erden, fabrikalara bu b°l gelerimizde b
Seviye 3 ve 4: 100 kiAGe rléink dackkérme |deerjienrii nkea pssaahn g
i r-ok b°l gesi bu g¢-1¢kte yeldéerém darbelerin
e end¢gstriyel i Kl etmel er ciddi ri sk takémakt a
Progr améen® lhgem@amderyadopénén boyu, eni ve y¢¢ksel
ukareda belirlenen sayésal dejerl er i Kl enere
rogram ¢zerinde tanémle form¢gller ve tanémlar
Tabl o 9. Fomam¢ | | er ve tane

C2NXYNff SNJ ¢FyYyPYE NI

| ST[ E2 bcElI EO]J 9GU1AfA SORSE

Ng=0,04xNk"1,25 ., Pt RPNPY &2¢

_ ¢tSara AcAy (

Nd=NgxAexC1x106 il e PAP
Chwa«[ [ a 9 NJ dzNXzY A @Ay

Nk=17,8 LN o x

alepParp

C=C2xC3xC4xC5

Nc=5,5x1013/C hyl&tP @PtRP

E=21(Nc/Nd) Etkinlik
orm¢gl |l er késménda Nk ifade edilen ortalama yeé
erilen T¢rkiye Oraj Haritaséd na -8§°Bue -al éxk:¢
aneml amma&am&@mn analiz ger-eklexir, etkinlik de
uruluk 1 i-in yéldérém risk anali zi
uruluk 106 de %85 °3hdaocliunluij a5 scdp @l almas tmanké bul
-erisinden ¢%3Q afrkg p &4v,0 PBertiayne k aPodOPropaki t ankt
i jeri %100 Propan i -ermektedir. Tankl ar én h
zell i klerine nprayqiréanol imaerei si nde ki myasal a ai i
erhangi bir tankén bilgilerinin programa i KI
i st emi faraday kafesi ol duju i-in Yélkomer é
rogrEEmME gygul anméxkt er . Kuruluk 16 i n;
tevresel konumu incelendijinde 3H mesafede ye
ejeri 1 olarak al énméxkteéer.
C2 dejeri yapénén tank ol masé sebebiyle met e
el irl.enmi ktir
Tankl arda parl ayéecé yanécé madde bul unmasé se
e-i I mi ktir.
Yapénéen parlayeéecé ve yanécé madde bul undur mas
orl uju olukturabilecejtirnden C4 dejeri 3 ol ar a
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Yape tehlikeldi madde bulundurmasé ve yéldeéere
neden ol masé sebebiyle C5 dejeri 10 olarak al é
Yapénén boyu ve eni tank bilgilerinden al énar
belirtéehdam atklinlik dejeri 0,882537 ol arak e
koruma seviyesi 3, koruma kafes araleéeje 15m*15
topraklama sistemine ge-irmek ¢zere kiull anél a
edi |l mi ktir. Tablo 96 te de g°re¢ldegjeé¢ ¢zere kor
program ¢zerindeki gosteri mi kekil 86 de sunul
kekil 8. Kuruluk 1 i-in ger-eklexktirilen anal:
HESAPLAR
BOYU - L| 1540
YAPININ ENl -w 315
YUKSEKLIGI - H
ACIKLAMALAR
YAPININ KONUMU C1: 1 EN YAKIN YAPYA UZAKLIK 3H MESAFEDE
YAPI-CATI KONUMU c2: 2 METAL, YANICI
FAKTOR YAPININ DEGERI C3: 3 PARLAYICI, YANICI
YAPI DOLULUGU c4: 3 PANIK RIZIKOLU, TAHLIYE ZORLUGU
YILDIRIM SONUCU Ch: 10 CEVREDE DEGERLI
FORMULLER TANIMLAR
Ae= 43.510000 Ae=LxW+ExHx(L+W)+DorxH? Etkili Egdeger Alan
Ng= 1.462463 Mg=0.04xMNk"1.25 Yildinm Yogunlugu
Nd= 0,000071 MNd=MgxAexC1x10* -6 Tesis icin beklenen yildinm sayisi
FORMULLER Nk= 17,600000 MNk=17.8 Erzurum icin Yildinmli Gon Sayisi
C= 160.000000 C=C2xC3xC4xC5
MNc= 0.000008 Mec=5.5x10" -3/C Onayh Yildinm Darbe Sayisi
E= 0,882537 E=1-{Nc/Md) Etkinlik
SONUG
ETKINLIK DEGER KORUMA SEVIYESi KAFES ARALIGI iNi§ ARALIGI
E= 0,882537 SEVIYE3 15x15 20
Kurul uk -evapeiadényemkayedil mesi durumunda [
uzunlujuna dikkat edil mel i, -al ékanlarén bu Kkec

sistemi olan faraday kafesinin periyodik ol ara
Kurul uk 2 iskanaliziy @l dér ém r i

Kurul uk 2 i mehraicsnien dsg h i 3pda€lirdeyatay $ilihdirik tank

bul unm&Kiktr@adérank-%%@O0PBgpan i -ermekte olup %40 d
Yatay silindirik tanklardan I,ampalkotaodéarz. L®tGy g abz
tankl arée-%%®0 PBgpam i -ermektedir ve i kisi %5 0 ,
Anal iz i-in en y¢ksek doluluk oranéna sahip Ot

Kurulukun koruma sistgeime Padaadaongrzeonl mdeada e6db
sisteme ait risk) amyddulzampmewtramé KWEKul uk 206 nir

tevresel konum ol arak yerlexkim yer. i -erisinc
al enméexter
C2 dejeri yapeénén tahk vel rgaasné c €e bseebieynlek | me i
se-i |l mi ktir

Tankl ar-gdaryagwpeéecée madde bulunmasé sebebiyle ya
al enméexteéer

Yapénéepavydrmage&€éeé madde bulundurmasénén yaneénda
sbebiyle insanlar ¢zerinde panik ve tahliye zc
se-i I miktir

apée tehlikeld madde bulundurmasé ve yéldeéer ér
neden ol masé sebebiyle C5 dejeri 10 ol arak al e
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Yapéogn be eni tank bilgilerinden al énarak i &
belirtil mik ardéndan etkinlik dej eri 0,605682
koruma seviyesi 4, paratoner koruensapl am&| yrae @
program ¢zerindeki gesteri mi kekil 96 da veri
seviyesi en ¢st de¢egzeydedir
kekil 9. Kuruluk 2 i-in ger-eklextirilen ai
HESAFPLAR
BOYU - L 15,75
YAPININ ENi -W 3.67
YUKSEKLIGI - H
ACIKLAMALAR
YWAPININ KONUMU C1: 0,25 YAPLAYNI & DAHA YUKSEK AGAC VE YAPILAR ARASINDA
" YAPI-CATI KONUMU C2: 2 METAL, YANICI
FAKTOR YAPININ DEGERI C3: 3 PARLAYICI, YANICI
YAPI DOLULUGU C4: 3 PANIK RIZIKOLU, TAHLIYE ZORLUGU
YILDIRIM SONUCU C5: 10 - CEVREDE DEGERLI
FORMULLER TANIMLAR
A= 57.802500 Mg=0.04xNk~1.25 Etkili Egdeger Alan
Ng= 1462463 Ng=0.04xNk*1.25 Yildinm Yogunlugu
. MNd= 0,000021 Md=MNgxAexC1x10* -6 Tesis icin beklenen yildinm sayisi
FORMULLER Nk= 17,800000 Nk=17.8 Erzurum igin Yildinmh Gin Sayisi
C= 180.000000 C=C2xC3xC4xC5
MNg= 0,000008 MNg=5.5x10" -3/C Onaylh Yildinm Darbe Sayisi
E= 0,605682 E=1-{Nc/Nd) Etkinlik
SONUG
ETKINLIK DEGER KORUMA SEVIYESI PARATONER KORUMA ALANI YARICAPI
E= 0,605682 SEViYE4 r: 107m
Kuruluk 1 ve Kurulreékd2j éoda- Kareéal karRreéel getder e
bul unmuxkt ur . Bi nalarén en y¢ksek noktaséna ko
yél déremeée ¢zerine -ekip, yél dérém akéeméné top
czerinei dermgmebkl ayerek ol asé yangén risklerini
el ektrik tesisatéena bajleée cihazlaré yeéelderéem d,
kar ke korumamaktadeéer . Bu nedenl e peuiuka t oner
sajl amayacajéndan parafudr gi bi sisteme ek ©°nl
N¢fusun yojun ol duju b°lgede yer al masé ve Ku
ol mase, Kuruluk 206 de hasar -reirsiksiimid ea rytetré ranhaaknt
-evre hal k, kurumlar ve muht e mel domi no etki si
durum pl anl arénén geliktiril mesi °nemlidir
SONUC¢
Doj al afetlerin tetikledifji t ek nolicohiriolay kazal ar
sonucu izol e, ekzamanl & ol arak veya zincir r1ee¢
ortaya -ékarabil mektedir. Dojal afetlerin seékI ¢
artteéerabil ece]ji dekendEmmeki gpel dbgai sdfeat | ar asié
i ncel enmesini °neml i kel makt adeér . Bu b-ajl amda,
DAT ve eNatech) ¢zerinden ge-mik kaza veril eri
afetlerin jereelbpek-akeéjerge°ogdl m¢gkt¢er. Meteor ol
sel ve yeéeldéremen (%19) daha tetikleyici ol du
etkilenen ve b¢tenl ¢k kaybée yakanan eklri pman de
KI gili é - afet tere¢e riskine sahip i1, Erzur um
tankl arée i -eren i ki end¢gstriyel kurulukta risk
ve Radsan ¢zerinden edi rmeilln@rktreirsk Yampa&lnien; prey
do!l ul uj u, yapeésal °czellikleri il e yapénén en,
sayésénén °nemld.i parametreler olduju g°r¢l megkt
faraday kafesi ve paratoneri t esi s ¢zerindeki etkinlik seviyes
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EK-1 Yél komer Yéldéereéem Risk Analiz Progr ameé
YILDIRIM RISK HESABI
GEVRESEL KATSAYl C1
0,25 YAPI AYNI& DAHA YUKSEK AGAC VE YAPILAR ARASINDA iSE
c1 0,5 YOKSEKLIGI AZ OLAN YAPILARLA CEVRILIISE
1 EN YAKIN YAPIYA UZAKLIK 3H MESAFEDE iSE
2 BOLGEDE EN YUKSEKTE ISE
YAPISAL KATSAYl C2
YAPUCATI METAL KIREMIT YANICI
2 r-‘Ev_AL 05 1 2
TUGLA/BETON 1 15 25
TUTUSABILIR 2 25 3
YAPISAL KATSAYl C3
0,5 DEGERSIZYANICI OLMAYAN
3 1 NDYRM AL, YANICI
2 DEGERLI, YANICI
3 PARLAYICI, YANICI
YAPI DOLULUGU cC4
0,5 PERSONELSIZ BINA
c4 1 NORMAL KALABALIK
3 PANIK RIZIKOLU, TAHLIVE ZORLUGU
YAPI DOLULUGU C5
1 SOREKLI KULLANIMI YOK, GEVREDE DEGERSIZ
cs 5 SUREKLI KULLANIMDA, CEVREDE DEGERSIZ
10 CEVREDE DEGERLI
ETKINLIK VE KORUMA
ETKINLIK KORUMA SEVIYESi KAFES ARALIGI iNi§ ARALIGI
E=0,98 SEWVIYE 1+EK ONLEM 5x5 10
0,95<E<0,98 SEVIYE1 5%5 10
0,90<E<0,95 SEVIVE2 10x10 15
0,30<E<0,90 SEVIYE3 15215 20
E<0 SEVIYE4 20x20 25
HESAPLAR
BOYU-L
YAPININ ENi W
YOKSEKLIGI -1
ACIKLAMALAR
'VAPININ KONUMU c1: 2 BOLGEDE EN YUKSEK
'YAPLGATI KONUMU €2 05
FAKTOR  |vaPmin DEGERI C3: 2 DEGERLI, YANICI
'vaPIDOLULUGU c4: 1 NORM AL KALABALIK
'VILDIRIM SONUCU Cs: 10 CEVREDE DEGERL
FORMULLER TANIMLAR
Ag= 0,000000 Ae=LxW +BxHx(L+W J+SamH* E tkili Egdeder Alan
Mg= 1,691794 MNg=0,04xNk*1,25 Yildinm Yogunlugu
Nd= 0,000000 Nd=NgxAexC1x10" 5 Tesis icin beklenen yildinm sayisi
FORMULLER Nk = 20,000000 Nk=20 Kiitahya igin Yildnm Giin Sayisi
C= 10,000000 C=C2xC3xC4xC5
Ne= 0,000150 Ne=5 5x10* -3/C Onayh Yidinm Darbe Sayisi
E= #SAYIIO! E=1{Nc/Nd) Etkinlik
SONUC
ETKINLIK DEGER KORUMA SEVIYESI KAFES ARALIGI iNiS ARALIGI
E= #SAYI/0! #SAYVO! #SAYIO! #SAYIIO!
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EK-2 Radsan Risk Analizi Paratoner

YILDIRIM RiSK HESABI

CEVRESEL KATSAYl 1

0,25 YAPI AYNIE DAHA YUKSEK AGAG VE YAPILAR ARASINDA iSE
1 5 v KSEKLIGI AZ OLAN YAPILARLA GEVRILI iSE
1 EN YAKIN YAPIVA UZAKLIK 3H MESAFEDE ISE
2 BOLGEDE EN YUKSEKTE iSE
YAPISAL KATSAYl C2
YAPIGATI METAL KIRE MIT YANICI
2 mEjAL 05 1 2
TUGLA/BETON 1 1,5 25
TUTUSABILIR 2 2.5 3
YAPISAL KATSAYl C3
0,5 DE GERSIZ YANICI OLMAYAN
3 1 NDvaAL. YANICI
2 DEGERLI, YANICI
3 PARLAYICI, YANICI
YAPI DOLULUGU C4
0,5 PERSONELSIZ BiNA
c4 1 NORMAL KALABALIK
3 PANIK RIEIKOLU, TAHLIVE ZORLUGU
YILDIRIM SONUCU  C5
1 SUREKLI KULLANIMI YOK, GEVREDE DEGERSIZ
cs 5 SUREKLI KULLANIMDA, CEVREDE DEGERSIZ
10 CEWVREDE DEGERLI
ETKINLIK VE KORUMA
ETKINLiK KORUMA SEVIYESi PARATONER KORUMA ALANI YARIGAPI
E>0,98 SEVIVE 1+EK GNLEM r79m
0,95<E 0,98 SEWVIYE1 r. 79m
0,90<E 0,95 SEWVIYEZ r 87m
0,80<E 0,90 SEVIYE3 r. 97m
E<0 SEVIVE 4 r: 107m
HESAPLAR
BOYU -L
YAPININ ENI W
YOKSEKLIGI - H
ACIKLAMALAR
YAPININ KONUMU C1: 0,25 YAPI AYNI & DAHA YOKSEK AGAC VE YAPILAR ARASINDA
YAPICATI KONUMU €2 METAL, YANICI
FAKTOR  |vapmm DEGERI C3: PARLAYICI, YANICI
YAPI DOLULUGU c4 3 PANIK RIZIKOLU, TAHLIYE ZORLUGU
YILDIRIM SONUCU C5: 10 CEVREDE DEGERLI
FORMULLER TANIMLAR
Ag= 0,000000 Ng=0.04xNk"1,25 E tkili E gdegder Alan
Ng= 1,4624563 Ng=0,04xNk"1,25 Yildinm Yogunlugu
Nd= 0,000000 Nd=NgxaexC 1x10* & Tesis icin beklenen yildinm sayisi
FORMULLER Nk= 17,300000 Nk=17 8 E rzurum igin Yildinmh Giin Sayisi
= 180,000000 C=C2xC3xC4XCS
Nc= 0,000008 Nc=5 5x10" -3/C Onayh Yildinm Darbe Sayis
E= #SAYND! E=1-Nc/Nd) E tkinlik
SONUG
ETKINLIK DEGER KORUMA SEVIYESI PARATONER KORUMA ALANI YARICAPI
E= H#SAYIO0! #SAYU0! #SAYN/0!
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¥zet

Géengmegzde gittik-e artan teror saldereéel ar é,
ol ayl arder Bu y¢zdahd@gregl-akér&xn i dejenl earediomi |
géene artmaktader . Bu bildiride ¢l kelerde ger -
-%zen K¢gresel Ter®°rizm Veri Tabanédédnén (GTD), |
sénéfl armdédr md umddir ul maktadeéer. Literate¢gr incele
t e mel bil ekenl er anal i zi y°ntemi, s-megansa s € nd a
y°nt e mi uygul anméxkt ér . Uygul anan y©°ntaizml er son
hangi el kel erin birbirleriyle ayné k¢gmede bul
kal dekl arénée g°ster mesi bakéméndan °nemlidir. |
ol arak politika °neril erdrr ve yol harital areée ol
Anahtar Kelimeler: S u - Analeianis, K e mel Bil ekenler Anali zi |,

Crime Analysis of Countries Using Data Mining Techniques

Abstract

Terrorist attacks, which are increasing nowadays, are events that hinder the development of
the rgions where they take place. Therefore, the importance of evaluating terrorist attacks is
increasing day by day. In this paper, a country classification model is created through the cluster
analysis method of the Global Terrorism Database, which solvedaksification of terrorist
attacks in countries. With the variables determined by examining the literature, firstly the
principal component analysis method was performed, and then-theaks method, one of the
clustering analysis methods, was applied.&result of the applied methods, 12 clusters were
obtained. The analysis is important in that it shows which countries are in the same cluster with
each other and what types of attacks they are exposed to. In this way, policy recommendations
and roadmapsan be created separately for each of the said clusters.

Keywords: Crime Analysis, KMeans, Principal Component Analysis, Data Mining
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Girick

Tari hsel ol arak su-laré -°zmek, ceza adal et
ol muktur . Su-ilnarbé ligzilseanyeakr | € si stemlerin kull an
ver.i analistleri, koll uk kuvvetlerine su-1aré@
bakl amékt ér . Daha spesi fik ol ar ak, s un- model
i statisti ksel metotl ara dayal é modell er kull an

Ksti hbarat ve kolluk kuvvetlerinin karkél akt
i1 i kKkin b¢yeék haci mli veril eei kanami ar een ,medak
yakal amak i-in su- analizi tekniklerini ivyi bil
sonu-lar tamamen dojru ol mayabilir ancak bir ¢

(Jabeen ve Agarwal, 2021).

Su- koe&ept-iekd tl il ijin artmasé su-a dair y
kél mekt ér . Bu dejikim kapsaménda ver.i madenci | |
k¢mel eme anali zi s u- analizinde kull aaéelabil ec
Belirtilen model |l erin uygul anma akamasénda
kull anél maktadeéer . Bilinen su-1lareéen kategori
uygul anabil ecek bir yakl akémken; bilinmeyen
kull anéleabirl mdlak-é& ve Hayta, 2014).

Bu -al ékmanén amaceée, y¢i¢ksek hacimli su- veri
vakal aren daha fazla meydana gel mesi ni °nl emek
S u- Orent ol erioni tea meéensli anmea s anrad évimec € a mod lainz ver i
¢al ékmada, K¢resel Ter°rizm Veri Tabanéedna (€
y°ntemlerinden ol an temel bil ekenler anali zi a
veri ma d e nc i Iniklgrinderkkphbmaline m& ;mek eme al gor it masé u
Materyal ve Y°ntem
T e mel Bilekenler Anali zi

Temel bilekenler analizine ilikkin -aleéekmal
-al éxkxmal aré 193306te Hotell i nrgl egreil iakrta srémi dkat iirl i(K
bir-ok dejikkenden olukan veri set.i boyutunu d
tekni ktir (ei b1, 2007) . Anal i z il e mevcut v
edilebileceji en dyr. s&onu-thedeflkt aygmek-téek an (
deji kkenlerin temel bil ekenleri olarak 1isimlen
ol ana dojru séralanmaktadér (S¢t-¢ler, 2006) .
p adetencejaiktk ver.i var ise dejikkenlifjJi a- ekl
ol mayan k adet dojrusal bil eken de kull aneéel abi

T e mel bil ekenl er anal i zi, veri k¢ mel erini d
kul | ainrelya°nntbemdir (Ringn®r, 2008). Temel bil exke
b¢e¢yeéek varyansa ait ©°zellikl eri korumak ve ver.i
veri k¢ mesi boyutunu azalt ma penrinnsd bd anldiep, bna kald
matrisi olan;

W E ®
) € E &
© E (1)
omatri si el de edilir. Boyut indirgemenin ger-el
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VN
W —
W W W 2)
eki tli i ile standar di e omat 1 imeisveag s@artkidgme kt e d i
el emadfederde]i kkeni nodmt a8} achapiedkenin standart
Byl elikle, standart matri s;
w w88 3)
olarak ifade edilir.
Te mel bil ekenlmart rama lni Zio,y udtuanrud aarztal t mak i - i |
azaltel deénkadedor8 8 tdiehaxk&mnl eri , dojrusal ol ar ak;
w Qw Qo E Qo
®w Qo Qo E Qo
® Qw Qo E Qo

(4)

yeni derijeifalekedilirt. Buradeby e ni dejQ kla¢shgei
el

ma wriesi ne ai t
wéye karkél ék gelen katsayéyé b r

i tmektedir.

Farkl & temel bil ekenlerin varyans katké or ar
varyans katké oaewmmetbidrekbpyvkariyrmres katke orani
¥rnekl!l e mi daha az veri ile temsidz edaeywddanek|l an
temel bil exedhang RPOGKt uruyoruz (

Temel Bilekenler Anali zi ama-1|ar ée:

T Dejikkenlerin birbirleri il e bajémlel ejéneé

T Veri setini daha a-éklanabilir hale getirn

T ¢ok dejikkenli ver.i s e teii setidbeyotune araltfak e ml i ol a

T G°zlem yapél arénée ve dejikkenler:i anal iz e

T ol arak séralanmaktadeér. ¥zetl e, t emel bil

daha az dejikken ve minimum bil gi kaybe he

kekiPICAL . Al goritmasé Akék kemasé
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Veri = .
toplanmas, Kovaryans OZVE.kt e
matris haline —>| matrisinin ’ dzdegerlerin
getirilmesi hesaplanmasi bulunmasi
v
Bilegenleri ?Ei_l;:;;m
belirlemek ve T
temel bilesen - elde edilmesi
analizinin . .
uyulanmas: ( ’")
Xn1 T Xim
K¢mel eme Anal i zi
K¢ mel e me anal i zi, benzer czellikleri bul un
K¢ mel e me anali zi il e veri tabanénda bul unan
birbirinden farklé °zellikleltezsadephkpmel dej b
bajl e k¢meleme ikleminin yapélacajé ve hangi
konul aré anali st taraféendan karara bajlanabil
sajlanabil mektedir (Han ve Kamber, 2011).
Bakal e bir k¢mel eme anali zi i -in ayné k¢ me
benzer, farkl é& k¢gmel erdeki verilerin ise ol abi
di skri mi nant anal i zi grupl andérsmde deskimim@ndan he
analizinde grupl ar bakl angé-t a, k¢ mel eme ana
Di skriminant analizinde °nceden bilinen kesin
y°nt e mi birbirinden tamamen farkledéer (Baydemi
Kmel eme analizini sénéeflandérma y°nteminden
verilerin hangi gruplara ait olduju ©°nceden b
gruplara ait oldujunun °nceden belirlteralt pamas ¢
zamanda denetimsiz sénéeflandérma ol arak da yer

K¢mel eme y°nt emi, veril eri kendi i -inde hom
ol arak gruplandérérken taki pkteaddiére.n Byuonlllaarr:a g?©

T Hiyerarki k k¢gmel eme y°nteml eri

T Hiyerarki k ol mayan k¢gmel eme y°ntemleri

ol arak yer al maktadér (¥zdamar, 2004).

Hi yerarki k ol mayan k¢mel eme y°ntemleri, ar a.
hiyerarki k k¢meleme y°ntemlerine kéyasla daha
(Sel ani k, 2007) . Hi yerar ki k ol mayan k¢ mel en
yomil eri ndeki probl eml ere kéeyasla daha genik °1|
ol mayan k¢mel eme y°ntemlerinde-mpaks-gRntekni kel
-ok olabilirlik y°ntemi en faz(adaakuédiahegl 20087y
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K-Means Y°ntemi

K-means y°ntemi, gzetimsiz bir yinel emel i |
birimleri ©°zelliklerine g°re °nceden tanémlanm
k¢me merkezl eri arasendaki me s af ¢fuamveiYang,l de et m
2019). kmeans y°ntemi, k¢me ©°rnekl eri i -indeki me
araséendaki mesafeyi en ¢st d ye -ékarmak i -
ver.i k¢mesinden rastgele lkrk tmerkeri Vasset &
Li ve Wu, 2012).

icze
{ Ae

Rastgele se-ilmik olan k adet merkez bir
kendi sine en yakeén merkez biriminin bulunduj
ri
k

~c 3

k¢mel erion meerrkie z kdienfjeer i -eri sindeki bi ml e
belirenmektedir (Ersoy, 2008). -kheansoa ai't i Kl em basamakl ar é
(Khairani ve Sutoyo, 2020).

1. KI k ol arak veri setinde ka- k¢gme ol acaj é b

2. Sadece bakl amgk-obdarakukRgameé sayésé kadar
se-ilir. Bu merkez birimler veri setini ol

3. Ver i seti i -erisindeki birimlerin her bir
al goritmaseé id¢k hk sapn uacnae rg °vree ekng me at amas

set i i -erisindeki birimerin k¢me at
zl er i belirlenir. Yeni k¢me merkezloer
€k merkezi al énarak bulunur.
e

ridlel idlejaolkmayana kadar i klemler devam

K-means y°ntemi nde toplam karesel hat a kri
kull anéel makta ve bu dejerin d¢kegk ol duju k¢ me

dejeri, akajéda bul krnardeéden(kllaeem ivide , h el 9QdPI; a rKmau
1990).

33% QQi @ o
" ()

dist :i ki birim araséndaki standart
X 0k¢mesinde bulunan bir birim

a 0k¢mesinin merkez noktasé

Bu denklemile ktank ¢ me kendi i -erisinde m¢gmkegn ol dufj
i se ayrék olarak gruplanmaya -al ékéleéer. Algori
k adet par-a belirlenmeye -al ékélmakta ve hi -
uzakled - ¢t ¢ kapsaménda °telenmektedir (Il kKék ve

Di st ol arak belirtilen ¥klid algoritmasénén fo

QEE DG DG E o &
® ® ®» ® ®  ® ©6)
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K-means al goritmasénlkekilli kX.idhe °wereikl nge kstt eedrii rm
2011).
kekiKimeza.ns Al gori t masé
- /}'H\ o '/.).rd‘"‘
f/..\ ,-A’ .\\ fl..\\ .,/. l";.
e .\ ‘o [) . [ o *\ I"-o e o
i N | g Nveool
.. AP i ® R PO
R R RO e | A%
¢tal ékma-d@l1209P&l | aré araséndaki ver.i seti an
Anaconda 3 JupyterlLab dajéteéem platf oumpmu kul |l an
Pandas, Seaborn, Scikite a r n , Mat plotlib k¢tegphanel erinden
Ter°r saldéerelaré kapsaml é bir kekilde a-ékl
deji kken belirlenmixktir (Tabl oi llmek Tieri°m sall d&
boyutunu ortaya koyacak dejikkenleri se-mek ©°r
tari hi, kel terel -atékmal ardan kaynakl| amasénda
al acak kekilde belirlenmi«ktir.
Tablo 1.G° sde &ati
il kel erin Bulundukl 4
Saldéré Tipi
Saldéréda Kull anél an
Hedef/Kurban Bilgileri
¥l en Ki Ki Sayésé
Yaral anan Ki Ki Sayeés
Ter°®°r Saldéréséenén V
INT_ANY
INT_LOG
INT_IDEO
INT_MISC
il kel erin bul undukl ar é b°el gel er, sal der é
hedef/ kurban bilgileri ve ter°r saldéerésénén v
edi | mi ktir. I NT _ANY, I NT _LOG, | NFal dEOé | & Ndn &
ideolojik ve |l ojistik boyutlarénée ifade eden K
135 deji kkend2e0nl 9o lyuéklalnar®9 7a00r aséndaki ter®°r
Ke¢resel Ter©°rizm Veri Tabamé&ndaerdnasleita akasm&ks @l
arénderéel méekter . Ayréca ver.i kalitesini artern
sahip olan dejikkenler i -in ver.i temi zIl eme i K
ol maséndamead@dotamaes &K il e k¢gmel eme anali zine ge-1
anali zi y°nteminden PCA algoritmaseé uygul anme
belirtilen 11 dejikken 4 bilekene indirgenmiKH!
oranl|l ar@dédabiveril mi ktir.
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Tablo2.Bi | eken Varyans A-ékl ama Oranée
Bileken|Varyans A-ékIzK"’m"’l_atlf vary
Or aneé
Bi | ek| %276 %27,6
Bi | ex| %144 %42,0
Bi | ex| %135 2055,5
Bi | e«| %108 %66,3
PCA anali zi ile y¢ksek boyutlu veri setine i
ile a-éklamak ol maséeéndan dolayé varyans oraneéen
oranén %6006tan fazla ol maseéel-daljanmamgé@rstygmetkd lee
konusu -al ékmada ise 4 bilexken, 11 deji kkene a
k¢mel eme analizine 4 bileken ile devam edil mik
k¢mel eme anali zirrh. akamaséna ge-il mi kKt
Denetimsi z her hangi bir algoritma i-in temel
k¢me sayésénée belirlemektir. EIl bow test skoru,
popg¢l er y°nteml erden biridirkye¢ntllbeove yanmatlda miin
performans g°stergesi ol arak hatalarén kareler
her k¢menin daha yakénsak ol dujunu g°stermekt e
yakl akacak kKekildebayakéhnddpeddam&iSEethiezl éK¢gm
sayésénée aktéjenda ise SSE yavak bir «kekil de
Burada SSE skoru 28.385 oldujunda El bow y°ntem
edi |l mi ktir

Grafik 1. Elbow Skor Testi
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Grafik2. K-means Al goritmaséna G°re Elde Edil en

8

—4 -2 o 2 4

K¢ mel eme analizinde k¢me sayésé belirlendikt
k¢mel ere ayreéel ér. Geremkhert bakbheas&pg@ebP & meek
dejerinden yararl anéel ér . S°z konusu endeks dej
ne kadar yakén ve farklée k¢gme birimlerinin i
et mektedi-t.i Ba dkj@&rasénda de] erl éael nyaakktéand édre.] eSi
al masé k¢gmel eme i Kl eminin bakaréséz sonu-1ar ve
i Kl eminin bakarél & ol dujunu g°sterimeltkd aplran Bacx
ve 0,63 olarak elde edil micktir. Bu dejere g°r e
ol duju s°ylenebilir.

D¢nya haritasé ¢zerinde gene-ambs|l eakegrort §d matsén'
daj él eml ar é GrafGrlaf i3lot 86 tveer igP mic k dig §f ¢ iszere b
sal déréel arénén ayné k¢meler ¢zerinde yojunl akt

Elde edilen bulgular ile Dbirlikte; politika
bl gesel d¢zeyde deegfilmkadk éndajfmayacayapdbkl megl me
a

Grafik3. Ter °r Sal deéer el renén K¢gmelere G°re

kume_no

10

8

4

2
El de edilen bulgulara g°re; ger-ekl eken te
dojusunda bulunan ¢l kel erin ayné k¢gmede ol duju
2019 yeéellarénda en fazla ter°r sahmdetalar Enémz
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faaliyetlerinin g°r¢ldegjé Norve-, Kngi |t
yanusya b°lgelerinde ger-ekleken ter°r ol
izde ger-eklekek PCtér¢desdAfdanéksamea wvee | Db
e yer al méxkter. Bu k¢mede yer alan saldeéer
ya da pol i si hedef alan ter®°r ol ayl aréedeér

Ter©°r saldérelarénén ©°zell i kH®%l dgealzeer e | gerl eer
s e sal der él arén ekonomi k, ideol o
s una ul akteéerabilir. Kuzey Ame

o o<

N ~—0 > QT Xo

€ ve bu kho°dgzedwirrdierk i g °rkeomeo my ¢
r saldéerélarénén az ol masénd:
u | rak, Pakistan ve Afgani st
i siémeéer¢llakreée nén gé¢-lendiril me.
masénda et kil ol abil eceji °n g°r ¢l mekt
I ¢ e yaralanma sayélarénén azeltel abi
anlarée korumak i-in h¢gkegmetler tarafénd
I r n

in toplum g¢venliJini sajl anmaseé

Su- anal i zi il e kol l uk wawtvetglerinl i poldiutr iul
endi r me, Kl eri ve tehlikeleri tespit
eme férsa € yakal amaktader. Genegmezde
yen bir t Kér ol @aln we ddadi Walnll @smeni n e
r-ekl ekt ebilir. Bu ortak m¢gcadel ede
de it
il

°©~=T ® T Qo
)

O T YOS NN —TTODO

skl er iszerin K i etkileri, teror °rg

|
édrmlreyebil mede k C
r

SXxV—qg o ——

o M

ull anélan istihbarat b
ménén yetersizIliji gibi konular sék-a Kk
e toplumlarda dijen ugpgpuombdakrk gemuml| at &
ter°r¢n etkilerinin b°l geden bl geye d
€jénda su- anali zi ol kel erdeki kamu kur t

el mektedir. elBubilad exmlaem©e n a manlaic2i teen Kk
rin su- verilerini kull anarak anali z et
ardan su-a ejilimli al anl aré belirlemen
i ni n Kkbaetlkiér | seanjmeasmankdtea d & r .
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Bu -al exmada - ok deji kkenl i i statistik y©
i tmal aréndan PCA ve kg¢madame aln@drizti maysLent
él arak K¢gresel Ter©r ammseGTVR) iv elraib aknggme sGI od
I Ktior. Ger-eklexkxtirilen salderél aréen ©°ze
l tuda politika ©°neril mesi ama-|l anméxkt ér .
enl er analkizlide | el &€l adnlaamal, tbibnbi kie i1 e i
iz ger-eklexktirilmicktir. Temel-meéns | ekenl e
eme algoritmasénén kullanél masé anali zin
nu-d@ar vermesine katkeé sajlamécxteéer. Ger - ek
| aréneé |l aré ve etki alanl aréné g°ster

e tiril mik poljiltamak °ama-+Hll &ammé ted
nt emi mevcut karékék ter®r sen
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Farkléc¢© zetéeKaynaklar&éé ZnO Fémler&aar Optée ¥ zelldkderée-
| zer e Etkesaa Belélenmesa-

Do-. Dr. Olcay Gen-yeéel maz

tankérée Karatekin | niversitesi
¥zet
Bu -al ékmada, ultrasoni k ki myasal tekniji K L
karakterizasyonu ger-eklexktiril rRiudtliarn.él am@k f icle
tabanlar ¢zerine ¢retilmiktir. lretilen filmle
arakterélmektéer. ZnO fil mlerin optik bant aral.
gi bi bazée optrkl ég@gayameemleéerikuflanéel arak hesa
y°ntemlerin hem de kull anélan -°zelti kaynak.|
czerindeki et kil eri i ncelenmi ktir. Farkleée -°ze
aralyainsgma ve ge-irgenlik dejerlerinde ©°nemli@
Ayréca ZnO filmlerinin fotolim¢gnesans ©°zel likI
ve bu kusurl ar arasé ge-iklenébal gPren@inOt ifi I n
kazandérél mak istenen °zellikler i -in farkIl e
sonu-larée tartekél mékteéer.
Anahtar Kelimeler: Z n O, Ki myasal Pé¢skert me, Urbach Enerji

Kdis, Fotol ¢ minesans

Determination of the Effect of Different Solution Sources On the Optical Properties of Zno
Films

Abstract

In this study, the production and optical characterization of ZnO films were carried out using
ultrasonic chemical technique. ZnO films were prtion glass substrates using three different
solution sources. The effect of the solution source on the optical properties of the produced films
was investigated. Some optical parameters such as optical band gap, Urbach energy, refractive
index, dielectit constants of ZnO films were calculated using different methods. The effects of
both the methods used and the solution sources used on the optical parameters of ZnO films were
investigated. It has been determined that different solution sources calfseagsigohanges in
the band structure, optical band gap, reflection and transmittance values of the films. In addition,
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by examining the photoluminescence properties of ZnO films, some defects in the structure of the
films and the transitions between thelgdects were determined. As a result, the optical analysis
results of the use of different solution sources for the properties desired to be imparted to ZnO
films according to the usage area are discussed.

Keywords: ZnO, Chemical Spray, Urbach Energ@ptical Band Gap, Refractive Index,
Photoluminescence

1. INTRODUCTION

ZnO films, which belong to the transparent conduction oxide group, are one of the most studied
materials in recent years. ZnO films aré/llsemiconductor materials and have wide bgagd

and high binding energy. In addition, due to its high permeability, low resistivity dpplen
conductivity, it has the potential to be used in many areas. The healtelegti@nics, solar cells,

catalysts, biosensors, paint and chemical industrgrrpacy are the main areas of use. At high
temperatures as gas sensors because they are sensitive to gases in the atmosphere; as a varistor
for protection against voltage surges; in laser applications due to their optical properties and in
dermatological am applications due to their absorption of UV rays; In addition to LED and

laser technology, it is used in photovoltaic solar cells. It is also used in night vision systems and

t hermal cameras used in the def 25).28n@filingcanust ry (I
be produced by both physical and chemical methods. Methods such as spray pyrolysis
(Ayauchiudi vd., 2003:68), SILAR (Raidou vd., 2010:2);gel (Li vd., 2020:109657), chemical

bath deposition (CBD) (Murthy vd. in press), physical vageposition (PVD) (Mohammed vd.,
2020:135), pulsed laser deposition (PLD) (Jin vd., 2001:521), electrodeposition (Kumar and
Sasikumar, 2014:18), hydrothermal (Kumar and Sasikumar, 2014:199) are used in the production

of ZnO. With each method, it allowsetproduction of ZnO with different properties such as
nanoflower, nanotube, nanorod, nanowire. Therefore, the technique chosen in the production of
ZnO films is very important AMnhdathdse tpchniyees,, 2012
ultrasonic chemidaspraying technique is one of the most used techniques in the production of
many semiconductor films because it is practical, economical and reproducible. This technique is
dependent on experimental parameters such as substrate temperature, soluiignsubktrate

structure, flow rate, annealing, and solution sources. Therefore, it is extremely important to
optimize the determined experimental parameters in order to produce materials with the desired
propertiesin this study, ZnO films were produceding ultrasonic chemical spraying technique.

The effect of solution sources, which is an experimental parameter, on the optical properties and
some optical parameters of the films was investigated.

2. EXPERIMENTAL DETAILS
2.1.Production of ZnO Films

Forthe production of ZnO films, firstly, microscopic glasses were used as the substrate and these
glass substrates were cut 1 cm wide and 2 cm long. Afterwards, the glass substrates were
thoroughly washed in soapy water to remove any possible dirt. Aftavetbleing process was
completed, the substrates were ultrasonically cleaned in acetone for 10 minutes and ultrasonically
cleaned in a onto-one (1:1) ethanol water mixture for 10 minutes. Then, the cleaned substrates
were dried and made ready for produatititrasonic chemical spraying technique was used in

the production of the films using three different source solutions. After production, it was waited
for about 5 hours before being taken out of the spray room for the films to reach room temperature.
The experimental parameters, photograph of films and ultrasonic spray pyrolysis method
schematic presentation of the productiom gohotograph of produced ZnO filmase given in

Table 1 and Fig. 1., respectively.
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Figure 1. The ultrasonicspray pyrolysis method schematic presentatiod photograph of
produced ZnO

Table 1 The experimental production parameters of ZnO films

Material Zinc oxide (ZnO)
Soluble chemical Solvent Material
Name

Zinc acetate dihydrate [Zn(GHCOF )F L. 2RD] Deionized | Z1

water

Zinc nitrate hexahydrate [Zn(NOF .6HF O] Deionized | Z2
water

Zinc chloride [ZnCF ] Deionized | Z3
water

Molarity of spraying solutioiDistance betwee| 0.05 M-25 cm
substrate and atomizer

Flow rateCarrier gagressureSpraying time|5 cc/ mirAir- 0.1 Bar20
Substrate temperature min-350 C

2.2. Characterization of ZnO Films

Optical characterization of the produced ZnO films was done by Shimadz2268¥ U\tvis
spectrophotometer and PHE102 dpescopic ellipsometer (SE)he thicknesses, refractive
indices and extinction coefficients of the films were determined using SE. Ellipsometric
measurements were made at an angle ofri7the wavelength range of 3@00 nm.The optical
transmittance andbsorbance spectra of the ZnO films were obtained by UV spectrophotometer.
By using these spectrums, the band structure of the films was examined and the band gap,
refractive index and dielectric constants were determiBgdusing these spectrums, thenba
structure of the films was examined and the band Egp refractive indexr) and dielectric
constants &-&.) were determined. The band gap value were calculation two different methods
(KubelkaMunk and Tach).Three different models (Herwéadamme, Mss Relation and
Ravindra relation) were used to calculate the refractive index values of the films. Optical
parameters and SE results obtained by different methods are discussed. In addition, the Urbach
energiesku) of the films were calculated by thrd#ferent methods, and the steepness parameter

(s) and the electrephonon interaction Hep) energy change were determined.
Phot ol uminescence properties, another optical
Elmer LS55 Fluorescence spectrophomet er 0 devi ce.

3. RESULTS AND DISCUSSIONS

The ellipsometry technique is a sensitive technique used to determine optical parameters such as
thickness, refractive index, extinction coefficient by measuring the polarization change of thin
films upon reflection or transmission. In this study, optipalameters of ZnO films were
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determined using spectroscopic ellipsometry techni@jbe.ellipsometric measurements of the
films were made at 5060 and 70 and the most suitable measurement angle was determined
as 70 for cos O spectra. SE measurementere taken in the range of 3900 nm and the
thicknesses of films were investigatdcen, the parameters of SEn(Bn, Cn, AcandBk) was
obtained by fitting the experimental and theoretical data with the Cauiidach dispersion
model. Thesgarameters related to the Caduicbiybach dispersion model. So, thicknesses, the
refractive index and the extinction coefficient values were calculated this dispersion model. This
technique, which is suitable for determining the optical parameters of selmators, determines

the refractive index and extinction coefficient values as a function of wavelength with the
following equations.

n(a) =2+A ¢4/ oB/ & (1) k(o) L &BK(pETED) @)
whereAn, Bn, Cr, AcandBk are model paraeters (Jenkins and White, 1981).

The cos ) graphs and the fitting parameters obtained as a result of this fitting are given in Fig.
1 and Table 1, respectivelyhe deviations observed in the fitting of the graphics are due to the
surface properties @he films. SE analysis allows us to obtain data as a result of the interaction
of light with the material surface. Therefore, these deviations may be due to the fact that ZnO
films do not have a homogeneous surface depending on the production techmipition,

back reflections on the material surface can cause this situdtteen Table 1 is examined, it is
seen that the thicknesses of the films are in the range e2@&m.This difference in the
thickness of the ZnO films may be due to the d#ferevaporation rate of the chemical salts used.
The solution sources with a high evaporation rate will cause less evaporation of the droplets,
which will increase the thickness of the filnf$ie graphs of refractive inder)(and extinction
coefficient k) values of ZnO films depending on wavelength are given in Fig.2 and Fig.3,
respectively.When examined in Fig. 2, it was determined that all films exhibited normal
dispersion.The highest refractive index in the visible region was found in the Z3 filchiten
lowest refractive index in the Z2 film. It was determined that Z1 films have the most suitable
refractive index value in the visible region. In addition, it is seen that the refractive index values
of all films remain almost constant as the long viewgths are increasel. Fig. 3, all films were

found to have low damping coefficient values. It was determined that the Z1 film has the lowest
coefficient of extinction.

Table 1.SE parameters and thicknesses of ZnO films

d A Bn Cn Bk
(m) | " | (om) | (nm)? (eV)

Z1 224 | 194 | 0.08 |0.004 | 0.006|0.74
Z2 261 | 132 |0.03 |0.002 | 0.16 | 0.06
Z3 116 | 1.90  0.11 |0.008 | 0.15 | 0.04

Films
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Figure 2. The refractive index n) spectra
Figure 3. The extinction coefficientlk) spectra

The transmittance and reflectance spectra of ZnO films are shown in Fig. 4 and 5, respectively.
Z1 film has the highest transmittance values, while Z3 films have the lowest. When the band
structures of thélms were examined, it was determined that the Z1 films had the smoothest band
edge structure. In Z3 films, on the other hand, the band edge structure is clearly deteriorated and
has a more flat and curved structure. When Fig. 2 is examined, it is s¢¢netbhand edges of

the Z3 films shifted to longer lengths. In addition, Z2 and Z3 films have low reflectance values
in the visible region. To determine the optical band gap of ZnO films, we used the Tauc formula.
This formula (Tauc, 1968:37):

ahr= ao (hrrEy)" 3)

where isao is a constant;' | is a photon energy is an index factor and is used to determine the
optical transition=1/2 allowed direct transitionyg is an absorption coefficient. We plotted the
(ah'1)*>-h’] and Eq values were calculated by extrapolating the linear part to zero absorption
coefficient.. The graph betweéw: )? andh [ is shown Fig. 6 and the calculated Eq values are

given in Table 2. The optical band gaps of Z1, Z2 and Z3 films were calculated as 3.22 eV, 3.21
eV and 3.18 eV, respectively.
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Figure 4. The transmittance spectra of ZnO films Figure 5. The reflectance spectra of
ZnO films

In addition to, the band gap energy of the ZnO films are determined by the extrapolation of the

linear portion of the graph between the modified Kubékank function F ( R]f versus photon

energy b 3 (Munk, 2021; Srth, 1978), as shown in Figure The KubelkaMunk function

relation is:

['@Y)QH] *=6(QkT Og

4)

The Z3 films calcined at 900AC have |low reflec
of thesesamples. The band gap of ZnO is decreased with chancing solution source.
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Figure 6. The plots of (/4 )?vs (b)) Figure 7. KubelkaMunk function versus
energy plot

Urbach energyHu) formula is used to examine tladtice strain and band edge distortions in the
structure. This formula is as follows (Urbach, 1953:1324):

< (5)

usingthis formula,Es energies of the ZnO films were calculated Fig. 8 and given in Table 2. Also
Fig. 8 shows the graphs of the calculdfgdndE. valuesE. is Urbach energy which corresponds

to the width of the band tail and could be determined as tht widhe localized states. Usually,

E. depends on temperature and structural disorder describes the width of the localized states in
the band gap region (Baubaker, 2011:23%5)vas determined that the Urbach energies of the
films changed inthe range @3330.384 eV. Also, the steepness parameter, which characterizing
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the broadening of the optical absorption edge due to elephmmon or excitophonon
interactions, can be calculated using following equation (Mahr, 1962:1510):

0= kT/E (6)

where T =300 Kk is Boltzman constant. These values are giverainle 2. Apart from that, the
energy values of electrgshonon interactions in ZnO films were calculated using the following
formula by using the steepness parameter values (Singh vd., 2019:102106):

O -5 (7)
Table 2 shows the variah of electroAphonon interaction of ZnO films.

Table 2.The optical band gap, Urbach energy, steepness parameter end -glbotron energy
values of ZnO films

Films Eq (eV) Eu (eV) S Eep

Z1 3.22 0.384 0.473 0.351
Z2 3.21 0.368 0.494 0.329
Z3 3.18 0.337 0.539 0.359

——71 —e-72 73

Ino

2 2,5 3 3,5 4 4,5
Photon energy (eV)

Figure 8. The Urbach plots of the ZnO films

Another important optical constant that will affect the potential of using ZnO films is the
refractive index. The refractive index values were calculated by different methodmpare

with the values found. Using these methods, the refractive index values of the films were
calculated according to the band gap. The formulas used in these methods and calculations are as
follows:

Ravindra relation n=4.0840.620 (8)
Herve-Vandamme relation € p — ©))
Moss relationr € TQrO (10)

High-frequency dikectric constants e p @ ¢ o8t (11)
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Static dielectric constants e, £
(12)

wherek is a constant with a value of 108 ed/andb are numerical constants with values of 13.6
and 3.4 eV, respectively (Mezrag vd., 2010:2272; Williamson, 1953:22). Table 3 show the
changing of refractive index of ZnO films with different model calculatigvisen the refractive
index values in Table 3 arexamined, the most suitable results for the SE results were obtained
with the Herve Vadamme and Ravinda method.

The schematic representation of the transitions and defect states of the films and PL spectra of
ZnO films are presented in Fig. 9. When Eds examined, it is seen that all films show similar
photoluminescence properties. The strongest peaks were seen in Z2 and Z3 films. While seven
different peaks were observed in Z1 and Z2 films, 3 peaks were observed in Z3 films and these
peaks were sepately given in Fig. 9The peaks at 398 nm, 399 nm and 401 nm in the PL spectra

is called NBE emission. Other peaks are indicative of deep level emissions (DLE) &gh as

O, Vzn, Vo and O antisite (@) in the structure (Darma vd., 2019:50; Jing v@0&1773; Hou

vd., 2006:594). From Fig. 9, the NBE emission (328 and 401 nm) of the films is clearly seen,

and this emission is due to electron transitions passing from the lower levels of the conduction
band (CB) to the upper levels of the valancedoB) and it can also be caused by free or bound
excitons at the band edge. The emission peaks (For Z1 film442459 nm, Z2 films 422461-

484 nm, Z3 films 46@184 nm) are called blue emission. This emission can be occurs in three
ways. The first is té transition from the shallow donor levels of the interstitial zing) @atues

to the VB band, the second is the transitions from the shallow donor levels of the O vacancies to
the VB band and third is the transitions from interstitial zing)(&atus to zinc vacancies ¢\).

The emission peaks (For Z1 films 4848 nm, Z2 films 51%31 nm) are called green emission

it related to oxygen vacancies JV(Vanheusden vd., 1998:403; Vandebsun vd., 1996:79;
Studeikin and Cocivera, 2002:5060; Look, 2001:38Ba0 vd., 2005:211912; Klason vd.,
2008:321). Also, it associated with the electron transitions from deep level donor of the ionized
oxygen vacancies @Yto the VB and other vacancy defects (Becker vd., 2011:&4lly, the
emissions at 593 and 594 nvare only seen Z1 and Z2 films and these peaks were called orange.
The orange emissions are due to the presence of high interstitial oxygers(cture (Djurisic

vd., 2006:103107; Studeikin vd. 1992:228@enerally, these emissions are attributedat
transition from interstitial zinc (Znto oxygen vacancies (Cao vd., 2006:161101). Elemental
analysis results obtained for ZnO films also showed that there was an excess of oxygen in the
structure (Dellis vd., 2018:1).

Table 3. The variation refractive index and dielectric constants of ZnO films

Eilms gglrgﬁon Vadammg Moss Relation Ravinda Relation o

n e n € n €
Z1 2.28 5.19 5.79 33.54 2.08 4.32 8.60
z2 2.29 5.24 5.80 33.64 2.09 4.37 8.63
Z3 2.30 5.29 5.82 33.87 211 4.45 8.72
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Figure 9. PL spectra anthe schematic representation of the transitions and defect states of the
ZnO films

4. CONCLUSIONS

ZnO films were produced by ultrasonic chemical spraying technique using three different solvent
sources. As a result of the optical analysis of the films; the following results were obtained for the
films we produced: Z1 films had the highest transmittance value. Z1 films had the most suitable
refractive index value. The film with the best surfacebgeneity was Z1. The closest results to

the experimental refractive index values were seen in the calculations made with the Herve
Vadamme and the Ravinda equation. All films were found to have significant PL peaks. As a
result, it was determined thatvibuld be more appropriate to use a zinc acetate solution source
for ZnO films to be produced by ultrasonic chemical spraying technique. In addition, it was
concluded that the optical properties of ZnO films produced by this source are suitable.
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¥zet

Te¢rkiye' deki farkl e duruml ar i -in hangi é Sty
o zelli kl eri dejerl endir mek, araktermak ve kar Kk
terl eri karkél akt érél maktadeéer . Sk aheéenlkéakll arma ,
mal i yetleri incelenmektedir. Kalénlék ve maliy:¢
katsayésé(k) ve 8.2 ton standart di ngi | y ¢ ke
Verilen dejerlere gRkapl amaht ¢ klhplt amde vERedapeér
kal énl éjé azal maktadér. Rijit kaplamada k dej e
Mal i yet kéeyasl amasé yapéeldéjénda MR dejeri ar
Hesaplanan maliyetldre 3 mi | yon T8. 2 dejerine kadar ol an |
t¢r¢ sathi kapl ama ol maktadeéer . 3 milyon T8.2
kaplamal ar daha sonra rijit kapl amal ar gel mek:
metrelare birim maliyeti 30,196 TL, esnek kaplama metrekare birim maliyeti 105,525 TL, rijit
kaplama metrekare birim maliyet:i 131,991 TL ol
yoll arda sathi kapl amal & ¢styapéTtaftiiksenkaeené
y¢ksek ol duju yoll arda esnek kaplamalar rijit
sonu-lara g°re d¢k¢gk zemin dejerlerinde rijit

kaplamal arén yapél masé ekmanémiadaréeéséndan daha

Anahtar kelimeler: | st yapé kapl amal aré, kaplama maliyeti,
yatak katsayése

Abstract

It is necessary to evaluate, research and compare which superstructure would be ideal for
different situations in Turkey, as well as the economic and technical characteristics. In this study,
pavement types are compared. Surface treatment, flexible pavemdnrigid pavement
thicknesses and costs are examined. For thickness and cost comparison, modulus of elasticity
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(MR), bearing coefficient (k) and 8.2 tons standard axle load repetition number (T8.2)aralues

used. According to the valugsren, thecoating thickness decreases as the MR value increases

in surface treatment and flexible pavement types. In rigid pavement, there is no visible change as
the k value increases. On the other hand, as the T8.2 value increases, the pavement thickness
increass. When the cost comparison is made, the cost per square meter decreases as the MR value
increases. As the T8.2 value increases, the square meter unit cost also increases at the same rate.
The most economical type of pavement is surface treatment for patemto 3 million T8.2 in
calculated costs. Above 3 million T8.2 value economically, flexible pavements come first and
then rigid pavements. The cost per square meter of surface treatment with a value of 2 million
T8.2 is 30,196 TL, the unit cost of fidme pavement is 105,525 TL and the unit cost of rigid
pavement is 131,991 TL. Thus, it is more economical to choose the superstructure type with
surface treatment on roads with low traffic flow. On roads with high traffic flow, flexible
pavements are moreconomical than rigid pavements. According to these results, it is more
advantageous in terms of economy to make rigid coatings at low ground values and flexible
coatings at high ground values.

Keywords: Superstructure pavements, pavement cost, pavehieknéss, modulus of elasticity,
bearing coefficient
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gel en dejikimin esnek ¢(styapé tabaka kal énl ék
tasarl anan ¢(styapé hesabéyla ortaya konmuktur.
zeminlerde CBRaitk eyl a ¢(styapé tabakal arénén kaleéenl éejeé
cstyapénén takéma kabiliyetinin arttejeée tespit
Bir dijer -alékmada i se, yeni bir mal zeme ol an
il e bit¢gmegn késa s¢reli yaklanma direncinin iyi
ve mekanik °zelliklerine etkileri dejerlendiri
ékéjenda, kat ke maddesi himgn egakleadnrhae nditriemcdr
g%zl enmektedir. Orijinal bitg¢megn °czellikleri
Vi skozitesini ve yumukama noktaséné artteér mak
Mar shal l stabilitkeatestseabil bi ¢ gimhizn KREGBREB mt a
g°stermektedir. Sonu- ol ar ak, DEGPB kat kése
azaltmaktadér (¢Cal ékeécée vd. 2018).

Yine bir -al ékmada, asfalt em¢l sikalnanlidjeé nsa avb
cSstyapée maliyetine etkileri arakteéeréel mexteéer. Y
ol an ¢l kelerde ajér vasétalarén artan y¢k takt
i htiyacéné dojurmaktadnam eWwgpal gon- al-eximigda, eo
et kil eri belirl enmixktir. Sonu- ol ar ak asfalt
mal i yetinin d¢kteg]je rapor edilmiktir (¢al ékéecé
Yapélan bakka bir -aléeékmadpapemaegkkuwlel anég¢lianqim
avant aj vV e dez awaratra&ajm atr&k ni kkd k& m i rdel enmi kK
hazérl anmékt ér . Her i ki kapl ama t ¢réneén tasa
bul unmaktadeér Ancak hamegl keki kdél beaml de dEny
AASHTO vy°ntemi gel mektedir. Esnek ¢styapél are
ol makta ve bite¢egm petrol téerevliii bir madde ol ar
ol maméz bir dezalvmektagdiorl .arAkcagk rgiltedbm rafiner
t ¢revi ol makta ve asfalt betonu ¢reti mi dékeéend:
kapl amal arén ¢retil mesinde kullandéj] éméz -1 me
Ancak -a,meywdloyyapéeéméndan °nce inkaat sektor¢nyg
duyul maktadeér. Her i1 ki kaplamanén da birbirine
noktada yol un yapél acajé bel genin kal akteari st
dejerl endiril mesi a-éséndan belirleyici ol makt
Yine bir -al ekxmada, asfal'tt kapl amal e ¢styapél
karkel akt @érél masé amacéyl a yapeéel méxt asfalt Bet on
kaplamal é ¢(styapélara nazaran dgg&5106 )tdahaf i k y o]
pahal e bir ¢styapée -exi di ol arak bulunmuktur.
sonra sécak karexkéem asf al t tkraapfliakmay omjaul nilyuejtui nyd aer
yojunl ukl arda beton kaplamal é ¢styapél ar daha
Yapélan bakka bir -al ékmada i se, ol kemi z kKart
hazérl anan beton yoll @nbégkadaengiapméarakbbéeit nder
bet on pl ak kal énl ekl aréndaki dej i Kim gzl el
hazérl anmaséndaki ama - il eri ki zamanl arda ¢ st
yardémcé ol acak tawkviuroud nkaasyen ahkeldeerfd redhnanme kt edi r (
Bir dijer -aleéekmada, AASHTO metodunda vyer al ar
servis yetene]ji kaybé parametreleri dékeéenda kal
kal énl éij énaaatwtt&risl mékt er . Trafi k tahmini ve p
hat asénén ve betonun elastisite modg¢l ¢negn riji
standart dingil yéeke tekerr ¢r s apa@meirelegnn, zemin
kaplama kaleénléje ¢zerindeki etkisinin ise |in
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2. Y¥NTEM VE BULGULAR

Bu -al éekmada, .styapé kaplama kaleéenl ekl aré he
kaplama, esnek kaplamawvel j it kapl ama incelenmektedir. Kapl
MR ve T8.2 dejerleri kullanél maktadér. Bu dej e
Belirlenen kaplama kal énl ekl aréna g°re maliyet
2.1. Sathi Kgplama
Sat hi kapl amal ar alttemel, t e mel Ve bite¢ml ¢k
Bit¢eml ¢ kaplama tabakasé da trafik ye¢gklerine g
Sathi kaplama i-in yapeél ankenalMRnaed a,r |searbiinte Tgs.
bakéna birim fiyat tablosu verilmektedir (Tabl
karkel ék 5000 MR dejerinde 70,386 TL metrekare
kaplama maliyeti BDODO0TIMR HE®JGEOC i MRed&jleri nde 56
dejerinde 54,636 TL ol maktader ci ft kat sathi
TL, 16000 MR dejerinde 49,205 TL, 18000 MR de]
45,947 TL ol maktader
Tablo 1. T8.2Dej er i Ve Deji ken MR Dejerlerine G°re
MR(psi

. y 5000 | 8000 | 10000 | 12000 | 14000 | 16000 | 18000 | 20000
T8.2(milyon

3 70,38603 61,69645 56,2654 54,63619 51,70341f 49,20515 47,57583 45,94655

Grafi kten g°re¢ldegjeée ¢zere 3 milyon T8.2 dejeri
azal maktadér (Grafik 1).

Grafik 1. T8.2 Dejeri Ve Deji kenDMRiI Dieifier | er

75
70,38605

70

=
E 65 &1,69645
= 60 56,26545
= 54,63615
= 55 51,70341
= 49,20515 47,57585
::_: 50 § 45,94655
a5
40
5000 8000 10000 12000 14000 16000 13000 20000
Mr
3
2.2. Esnek Kaplama
Esnek kapl ama, bit¢eml ¢ sécak karékem (BSK) k
kaplamasé alttemel, t emel , bite¢egml ¢ temel, bind

Bu tabloda esnek ¢ s£tkyapa k& plea maasléingbmt)] keali é nvler
250004 0000 MR dejerlerinde KGM ¢styapeéel ar pr oj
verilmemekte, pleniniks temele 5 cm ilave edilmektedirgblo 2.
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Tablo 2 Esnek ¢(styapé kapl &tlteanén kal énl ekl &

(i ) Maliyet(TL)
) MR(p 2000 5000 8000 10000 15000 18000 | 20000 |25000-4000
T8.2(milyon)

0,2 105,525 105,529 105,52 105,525 105,525 | 105,525| 105,525 95,41
0,5 115,3943803 105,52 105,52 105,525 105,525 | 105,525| 105,525 95,41
1 126,6423991 105,524 105,524 105,529 105,525 [ 105,525| 105,525| 95,41
15 133,4336557 105,524 105,524 105,529 105,525 [ 105,525| 105,525| 95,41
2 138,4209848 105,524 105,524 105,529 105,525 [ 105,525| 105,525| 95,41
10 168,8755262 | 129,6135738112,2109788  105,52% 105,525 [ 105,525| 105,525| 95,41
15 177,1523702 | 136,4048305 118,365555]1 110,3009378 105,525 | 105,525| 105,525| 95,41
20 183,5191732 | 141,4982729123,2467708 114,9699268 105,525 [ 105,525| 105,525| 95,41
25 187,9759354 | 145,5305815 126,4301728118,1533288 105,525 | 105,525| 105,525| 95,41
30 192,2204708 | 148,9262098 129,6135738 121,124503] 106,48085¢ 105,525| 105,525| 95,41
35 195,8283258 | 151,6851578132,160295] 123,671224B108,815350% 105,525| 105,525| 95,41
40 199,0117274 | 154,4441058 134,4947895 125,79349P2110,937618% 105,525| 105,525| 95,41
50 204,3173966 | 158,4764145138,3148714129,401347]1114,333246%5107,7542 105,525 95,41
60 208,561932 [ 162,0503138 141,6043868 132,584748p117,2407532110,6829 106,9053 95,41
70 212,5305726 | 165,1106238 144,469447F 135,3436966119,6389157113,0599 109,2398 95,41
80 215,8837555 | 167,8143928 146,803942P 137,4659648121,7611834115,1822 111,3621] 95,41
90 218,7488169 | 170,1488868 148,9262098 140,0126855123,6712248 116,88 | 113,0599 95,41
100 221,5077649 | 172,483381P 151,0484775141,710499y125,5812652 118,79 | 114,863 95,41

Verilen grafikte 0,2 milyon, 2 milyon, 20 mi |y

dej i Ki mi go°r ¢l mektedir. MR dejeri artték-a T8.
2).
Grafi k 2. Esnek kaplamadanl eabne d8r2 dchafjeyeer
250
225 °
200
— 175 .
|—
:150 . ~
125 . - .
'Z 100
= 75
50
25
0
2000 5000 8000 10000 15000 18000 20000
MR
0,2 2 20 40 ®==100

2.3. Beton Kaplama

Bet on kapl ama, alttemel ve beton plak kapl ama:
beton kaplama altéena-makst earmdlt emear kkmk aoml ma le
alttemel fiakat @ibéetmorf i gpaténa eklenerek metrek
Tabl oda 20 k, 200 k vV e 1000 k dejerl eri al én
sajl anmaktadér (Tabl o 3).
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Tabl o 3. k ve T8.2 dejerlerine g
k(psi)
T8.2(milyon 25 200 1000
0,2 71,5371958271,53715794 71,5371117
0,5 78,8309157678,83087717 78,8308306
1 84,85121921 84,85120559 84,8512042§
15 88,58420276 88,58415778 88,5841178;1
2 91,3380941191, 33797838 91,33747331
10 108,673667¢ 108,6736262 108,673193]
15 113,639933%113,6398894 113,6398451
20 117,329435( 117,3293879 117,329340
25 120,290543% 120,2905007 120,290453]
30 122,7765798122,7765349 122, 7764904
35 124, 9265258 124,9264774 124,926427]
40 126,8252753126,8252302 126,825184
50 130,075485| 130,0754382 130,0753901
60 132,8046623132,804612% 132,8045601
70 135,1651211 135,1650731 135,165022]
80 137,2499407 137,2498923 137,2498411
90 139,120361{ 139,120312% 139,1202611
100 140,818924%140,818876% 140,818825
Grafiktede]J i ken k dejerine g°re T8.2 maliyet
g°r ¢l mektedir (kekil 3.12) .
kekil 3.12. Rijit kaplamada sabit T8. 2
dej i Ki mi
150
140 c < ®
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3. SONU¢ VE TARTI kMA

Sonu-akgl &krapl ama kal énl ekl arénén MR ve T8.2 dej
Grafi kten de anl akélacajé ¢zere aynée dejerler
kapl ama sat hi kapl ama ol arak g°r¢ltmekt edimaktBRa
Esnek kaplamaneéen ivyi zemin dejerlerinde beton
go°r ¢l mektedir.

Sathi kaplamaleée ¢(styapélar en ucuz ¢(styapé tip
gerektirmektedirt,yalpyl-eecxed dé n op athalleamekd edi r . B e

kaplama kal énl éj é artteéek-a, mal i yet de art mal
kaplamada da tabakal aréen kal éBuldéumbaaekopomi&kr t ar k e n

olarak beton kapimal € ¢styapélar yerine esnek kapl amal é
makal enin ¢styapé kaplama dizaynénda uygun ka
ama-|l anmaktader.
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Fresh and Hardened Properties of SelfCompacting Concrete With Waste Tire: A Review

Abstract

Disposal of scrap tires has become an important environmental problem in the last century.
Storing large volumes of scrap tires unused causes significant &iedlémvironmental problems
if not recycled or disposed of properly. The way to overcome this problem has been explored for
along time. In terms of civil engineering, one way of removing such wastes from the environment
has been studied theoretically amegtically in recent years, such as their use in civil engineering
infrastructure. In these studies, granular tires obtained from the shredding of waste tires that have
completed their life as aggregate in concrete have gained popularity. Self compaotrejec
(SCC)isused in many concrete/reinforced concrete structures with massive or irregular geometry.
The combination of rubber aggregate (RA) and SCC, obtained by granulating waste tires, creates
a new composite mixture called sebbmpacting rubbered concrete (SCCRC), which is more
durable and economically more economical than conventional concrete under environmental
factors. It has been shown by many researchers in the literature that the addition of RA to concrete
mixtures causes a loss of stréndn the mechanical properties of concrete and affects its
workability. SCCRC has a wide range of applications. SCCRC is becoming common in the
construction of noiseeducing coatings due to its mechanical behavior and properties. In addition,
SCCRC can & used in foundation buffers for motion machinery, vibration dampers in train
stations or as an aid to shock resistance. In conclusion, the use of waste tire rubber in concrete,
especially selcompacting concrete, has both environmental and economidtbe¥éthin the
scope of this study, studies on SCCRC in recent years were examined and a summary of the fresh
and hardened properties of SCCRCs obtained from studies conducted by researchers in the
literature was presented.

Keywords: Milled Waste Tire Pdrcles, Waste Management, Self Compacting Concrete,
Mechanical Properties, Fresh Properties.

Girick

At ek Il astik kau-ujunun i mhasé, d¢nyanén teégm
°neml bir sorun haline gelmiskiiji. ¢(¢Degnyaddaijleé
edilmektedir (Shen vd., 2013; Siddique ve Naik, 2004; Thomas ve Gupta, 2016) e r y el

mi |l yonlarca | asti k dojaya gel i Ki gézel ateéel éyol
durum i se ekoloji i-in -o0ok ciddi rbiar a-ehlda st iojliu
kull anem °mr¢ng¢g tamamladéejé ve bunun %50' si ndet
atéeldeje tahmin edil mektedir. 2030 vyeléena gel.
bekl enmektedir. Sonu- ahiafrakl chepolbanmnar Hasztehnkl
yéll ék 5 milyar ara- | as {Azevedawvd., 201P; &Eiraevl.a2014;) € t a h |
Shu ve Huang, 2014; Thomas ve Gupta, 2016)L a st i k | r(RubbiercMiariufactuiers Bi r | i J i
Association2010)t ar af endan ¢retilen verilere g°re; ABD
lastiji ¢retiliyor ve bunlarén yaklakeéek 75 mil
°n¢ne alfendégteamldan il asti klerin toplam sayéséneé
112 mil yon ol ac aj(Borat2810;mivd., 2@1d)iAvrupze ladtileve Lastik
rreticileri Birlifji, 2009 yeléenda 3.2 milyon t
Ger i kaz&®9®&modraam& hesapl anméck, bunun %18"'i S
kull aneél de, %3 8 "' i ger.i don¢kKt ¢gr gl dyg Ve %4 0 ' €
bildirilmektedir (Bravo ve De Brito, 2012)

At élan | astikler, karbon karaseée ¢m@itoimek, topr
vb. gi bi -ekitli y°ntemlerle bertaraf edilir.
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Kirl il ifgi nedeniyle bir-ok sajl é(bdullaghievd.,r e s el Vo
2011; Benazzouk vd., 2006; Eldin ve Senouci, 1994)Last i k| er °czel Kekl i Vo
nedeniyle daha uzun s¢re suyu depol ar ol uktur dt
i -in ¢reme habitaté oluxkturur. En kolay ve en
ise ciddi tehkelere nedenolur Abdul | ahi vd. |, 2011 ; Benaykzeiuk vd
2011; Thomasvd.,2013) Yakeél arak i mha esnasénda al andaki
ol arak zararl e bilexkiklerin yer Idé]é emi syon
bu duman insanl ar, h ehlikeldin Last v&l brt kskeren-uwve
petroki myasal hammaddel er den g,retllmektedir. Y
a-€éja -éekarér. But adbi¢etna,diyeaannpao |l § érea s emmdcean stail r€
oranda kanserojen btr°-k &ar bonl u bil exki ktir. Yanma sonucund
g°r ¢K¢ bozan ve boyal é y¢gzeyl eri kirleyen vyo]
emi syonl aré, poliromatik hidro karbonl arée, CO,
arték toz toprajeée kirletir. Pirolizin dezavant:
Atéek | astiklerin yaket olarak kull aneél mase

cretilen karbon siyaheée dahet ipahnalleérdeé rk évyea sp eat rc
kalitededir. Lastik kau-uju, geotekni k ixkler,

ve denizde dalgakeéranlarda, gemi |l erin -arpma e
duvarl arénda i nxkdiag!| ivje iunykgaualta mm¢ e énda kul | ar
féerénlaréenda vyaket ol ar ak, el ektrik ¢retimini

-imento esasl é& ¢reé¢nlerde agrega ol arak da kul
milyonlat a | asti k g° m¢l ¢y o(Bravo getDe Briioy2012; Okanoniave y a k € | €
Mavridou, 2009; Pacheeborgal vd., 2012; SegreexJoekes, 2000)

At ék |l astik kau-ujunun kull anémé i-in ol asé -2°7;
agregalarén bir miktareé yerine kau-uk agrega (
d°n¢gkegm ol arak depkdlrdnrmagé nyloIOmyIIeane—yeevryeardémcé
bir yakl akémdeéer . Ayr éca, l asti kler il e oluxkan
azaltmaya daBwy aggréeemc éaydn@rzamanda ekonomi k de o
agregalésnén ybeirri ke KA kull anéel arak hem agrega ¢
| asti kIl er (Btaw kede Brito,2@12; Oikamou ve Mavridou, 2009; Pachetorgal

vd., 2012; Segre ve Joekes, 2000)

KYB, bet onun kal éba yerl exktiril mesinde saj l
teknol ojisinde bir devrim olarak bilinir KYB
el asti k aktejendan, beton kaléeba rahatléekla ye
bir hari ci titrekime gerek kal mamaktader. Kkl €
1980"'" 1l erin sonl ar é&nd@agdnoto bl.n1PR) doe | a rkttd ya | -eaék rhak
il e, KYB ayrékma ol maksézén dar ya da sék donat
yayél abil mekt edygks eBku aﬂ<ae|}<zeknaehnulni,yeti ve ayr écx
sajlayan geliktirilmik viskoziteyi ajl amak i -
da °nemlisi, KYB uzun s¢relii dayaneklélé]é Ve
verlek t i rme ve sertlexktirme iklemleri sérasénda hie
geliktirilirse, stabilite ve deforme ol abilir]l
KYBOonin karékém oranéné Db(el)i ralgerneegka nié-ni n ibnaeznét okl
hacim oranéné azalt maikmerntio )orhamameé harctmi érni male;
agrega partiky¢gl ebadéné ve toplam hacmini di k
viskozite artatrar é ad é k ma & §llakp 201 Khnmeatk vd.e @06; r
Nagamoto N.,1997) Kau- ukl u betonun (KAB) mukavemet, k u
lastik t¢grlerinin ve | astik artéklaréenén be¢yékl
-al éxmaceée tarafeéendan yragpketl ar(éldid@EhkeRasreson vd.,.al & Kk ma |
1996) KABOun ani etkilere maruz kalan yapésal el
ve bunun i-in yol temelleri, jarse bariyerl er
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tokluk veya deforme oldabhiul irdpglianr dédha hkaul 9 mem@ll

Kkonmuktur . Spesi fik ol ar ak, KAB titrexki mi en
bet ondan daha fazla emebil mesi gibi bazée dinam
At ék | astiklerden el deaedalhieln &«adiul dik] agdegalk™
ve mekanik °zelliklere sahip yeni bir karekém
tahribata diren-1i ve ekonomi k ol arak KYB dan
agregalée betamakKwywKABNhdéeréel maktadeéer . Bu derl e
alakal e yapélan deneysel -aleékmalarén bir ©°zet
KYKABOGun mekani k °zelli kIl eri

Hilal (Hilal, 2017) KA boyutu ve i-erijinin kendiniikji nde
czellikleri czerindeki et ki sini incel emi ktir.
su/bajlayécé oranéné O0.35oNaer blajstaymce weksabi
KYB karékemlaréna ayréeca F s30édléaruakuciuk akmd ¢et-
¢tal ékma kapsaménda KA i-erifji 6 , 5, 10, 15, 20
biri .- farkle boyutta No. 18, No. 5 ve karéekeék
°czellikleri, bmaéda- - dapané@mgangmeé, ej il me, el
enerjisi ve bajlanma dayanémé a-éeéséndan inceler
yapél an basén- dayanéem testl eri sonucunda 39. Z
dayanémerdejeéde edil di. EIl de edilen sonu-1ara
betonlarén sertlexktirilmik °zellikleri czerind
a-éséndan t¢m KA tiplerinin i-iyakedlden neédkitléern. |
-al ékma kapsaménda KA ekl enerek ¢retilen KYBOI e
ol arak kolayca ¢retilebileceji g°sterilmixktir.
KA kull anéméneén, basénanédaiylaen eéanéanret eKIAé kaull d raanké r
gestermi ktir. Ayr éca, kaba KA kull anémé, kendi |
KA6dan daha fazla azaltméexkteér. Stati k el astik
hem de yarmatdekmeadkuwy®zl eml enene benzer «kKekil
enerji si sonucu kontrol karekémendan el de edi |l
kau-uk i -eriji arttek-a g°zlendi . Bmelk&KAun s¢ nel
hacmi fraksiyonunun artteéer él nfdlale2gllr)h a? aeehdanfnl -
el de edilen bulgular incelendijinde;

T Kontrol karékéménén net ejilme dayanémé en
ile npr&endelijinden yerlexkxen betonl ar en
verirken, No.18 KA ile ¢retilenler en yg¢ks

T En y¢é¢ksek kéréelma enerjisi sonucu kontro
enerjisinin sistematik olarak z al masé KA i -eri j i artmase i
kéréel ma enerijisi dejeri, doj al i nce agreg
edi | mi kK, en d¢k¢k dejer ise doj al i nce agr
edi |l mi ktir. K A KKYWKIAIBa ndéal aerna kv esrriemliil esnonu-1 a
°l -¢mlerinde elde edil mi ktir.

T Betonun s¢nekl il iJinin bir °l - ¢sé ol an
fraksiyonunun artteéerél maséyl a ° neml o -
ekl enmesiyle Sagmbnmbkkegel sgmek!| i k i-in e
KA kull anél masé ile ¢retilen KYKAB dan el d
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KYKABOnin y¢sgksek sécakl ék et ki si alténdaki ©°z
Farhad ve ark(Aslani ve Khan, 2019}ar af €énd a yapeéel an deneysel
sécakl ékl aréen KYKAB C',zerlndekl yé¢ksek séecakl e
incelenmi ktir. ¢tal ekxma kapsaménda incelenen °2
modg¢ |l ¢, k¢etl @ laoyuerl wé ud aju-d immMmvB Bl 0- aminmé kKndadd aa, r €2, |
10, % 20, % 30 ve % 40 hacim oranl ar nda KYB' da

é
25mmKAiIeinceagregave50 mm KA il e kaba agrega haci msel
Y¢ kksesécakl ek et ki si ardendan KYKABOG a ait k a
numunelerin 100 AC, 300 AC ve 600 AC secakl ék

Sonu-1ar, bir agr e (Hdal, 2017patr aarka f € AeGliraleen @Hdiilladli ] i C
def ormasyonu ve enerji emi |l i mini arttérdé]éné
azalttéejené g°stermiktir. DeneyseblmmwKaidei | ere g°
cretil en KYKAB-10keifilekdAdenll alreé re@n | el karékémlar dan
dajéldejéené g°stermektedir. 600 AC'Ilik bir seéec
boyutu il e hazérlanan KYKAB i-in b¢gyegk mi ktard
e di | nHarkad verd. (Aslani ve Khan,2019) ar af éndan el de edilen bul
T Art®&km2 510 mm KA ile %10 ve %20 i kame or an
AC séecakl ék sonrasénda kaleéecée baseéen- Ve
sonu-laréndan daha y¢ksektir
T End k¢ k kal écé bas é m-mmwesl0 mrkkihde elll@ediem é me 2
KYKAB serilerinde % 40 KA orané i-in el de
T 600 AC'de KYKABOun basén- ve -ekme dayaneén
bunun sebebi esas ol ariagi nigneneéeoeklaimuirijuinmi
yanmasé ol arak g°sterilmiktir:0mnyKAéca VYyi ne
ile ¢retilen KYKABOGI ar par-al ar halinde d

gel mi ktir.
f Maksi mum el astisite medgslég alkd0d KAQ'rd e éekl-dae ¢

Sunul an sonu-1|ar, artan sécakl ékl arl a el as
azal madan -ok daha b¢yeé¢gk ol dujunu g°ster me
KYKABONnin reolojik ve durabilite ©°zellikleri
Saman ve ark(Rahat Dahmardeh vd., 2019)apt ékl ar é - al ékmada, KA
agregal arén késmen i kame edlidjmels, mdlamrilldeveddad
czelliklerinin de&jilikmanikapsameéa@admé Ktoénr .yedi I
karékeémlarda , % 5, 10, 15 ve 20 oranlarénda KA
Reolojik ve mekanl &nd@izemée k kbekn Hekesef{d&erg,
veV-huni si) ve sertlexktirilmik (basén- ve ejil me
yapmékl ardér. Ayréca, asit korozyonunak karké d
asit etkisi testleri yapeéel méxkt ér(Aslah vetkiean,at ¢ r de k
2019; Hilal, 2017) kIl enebi Il i rl i Jjin azal maséna ek ol arak |
mukavemetl erini azal témeéékn éd adhaa sbée nuzletrr axkseokniilkd ed adr¢
°neml i si, durabilite deneyl eri sonu-1 ar é, KA
direncini °nemli ©°1|-¢,de ar t@&ahatbahinaderevd.i2019) g° st e
taraféendan el de edilen bulgular incelendijinde
T KA6nén KYB karékéménda kull anél masé akéekk
kabiliyetdi czerinde azalan bir etkiye sahi
kau-uk par-acéeklarénén boyutu azal déjénda
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1 Dojal agregalarén % 0'"dan % 20'ye kadar KA
birradodl et ki sergiledif7i g°z|em|enmiKtir
dejerinde azalma ile sonu-I|landéjé g°steri/]l

T KAOGI ar én
ekl enmesi
ol makt adeé
el de edi l

KYB6a hidrofobik yapésé ve seéfe
nden dol ayeée numuneatkmayamedeau emi |
r At ek mal zemel erin miktaré artt
mi Kti

-

ferik asit saldeéereéel e

T KYB karékémlar é e
u ekntdaad enra.k sK gniulme dlked yelr e
d
i

i kame oranéna
g°re KA i-eren lar i -in maksi mum

n
[
k
% 48. 7"dir. Dol a
pdt.

G¢e¢neyi s(Ggrewnir iy av
Bi ngham model |l erinin
reol ojik dav e i
i retil en KY
kg/m® t ¢r . F

u
é a, KYKABO6Il ar agresif
[2a0r1é6 ) - &Bulkley weandbdifye Her s c h e
i -eren tazaeekehdkkipir
mek i-in kullanéméné i
botasea kullanél mékt ér ve |
cunkpl ajeopiéamahbé&j 130y auc éo
&d4iémi Kitii rseviyelerde doj
inden el de edilen KA, keéré¢
i KA (No.18, No.5 ve kareée
mi kK KA i-erifji deneysel p
i Kl enebilirlijine i KKkin reol ojik diravr aneéx,
Reometreden elde edilen tenké z i | i k kBulkley ve niedifiyesBinghanh modellerini
deneysel verilere uygul ayar ak taze KYKAB reo
kull anél méktér. Sonu-1I|lar, bu -ddexkaa@mée ;g%edsti ¢ rec
ve KA i-erijinin -Bultkleewl masan@dmahbdeyg&lselk ' n'
Bingham modelleri i-in ise da yeksek ¢/ O kat
G¢neyi s Gyre wir kit avrda. f,é n2d0alné )e | d edil en bulgul ar
%

— 35

riimesidim j al agr
k tork gerel

T Reometreden el de edi e
e
k dejerlerini
a
e

[ en
ayne d°nme hézeéenda daha
par-acéklaré kull aneéel maseé

h a
e
er il
yéiks

t or

1 HerscheBul kl ey ve modi fiye Bing m model |l erir
%0dan % 8' e kadar KA kul | aBielmelney) ndhe] e(rHeerrsic
(modi fiye Bingham) kat sayél aréenéen arterel
shear thickening g°stergesidir.

h
n

KYKABO6nin ejilme y¢gke¢e alténda yorulma ©°zellik
Chen ve ark(Chen vd., 2019y apt ekl ar e - al ékmada, maksi mum ¢
séekl é&jée ve geril me orané etkilerine bajleée ol ar
b¢kel me alténdaki yorul ma dbheraneéerl| srag ésacelge
sertlikteki gel i kmel er di kkate aléndeéejénda, K"
def ormasyon direncinde daha ivyi sonu-1| ar g°s
ol dujundan, KYB ve KYKAB' vyamegtorall imaWeimgulller da
model |l enmi ktirler. Sonu-lara bakarak, yorgunl ul
l ogaritmi k yorgunl uk denkIl(€hanve.,r2019) baerlaifrélnednaink teil rd
edilen bulgular incelendijinde;

T D°rt noktal é b¢kel me altenda, geri | me s e

azal masé ve geril me oranénén d¢kKmesi il e

azal er. Ayr éca, tem - al @ kma kokul |l arénda
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KYB'unkinden daha bg¢yekter KA KYB'nin yor
iyilektirildiji g°sterilmiktir
T Yorul ma y ¢ K¢ altenda KYB ve KYKAB' un ge
dejerl endirmek i-in tokI|l uk dejY&ABlure r i hesa
daha iyi tokluja sahip ol dujunu g°ster mekt
T KA6l arén KYB6éye uygul anmasénén, deformasyo
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Kekilde tasarl anmasé ve serme ikKlemlerinden so

Bitmik bir kaplamada hava bokluju miktaré ve bc
bokl ukl ar bir i rvienesubagilréiyksia, k ahpalvamanén hi zmet

kurumavedonma © z oIl me et kil eri nedeniyle olumsuz etk
bir kaplamada sékékma d¢gzeyinin belirli bir I
kokul makt 8dhadaki mini mum yéjén yojunluju, tip
yojunlujunun %96 ila %100'¢, arasénda deji kmekt
amir bir kKartname ol an KTk 2011306epgtrdaki bkar gt
numunel erinin ortalama yojunluju, i1kKyeri Kkar écx:
%9606séndan akajé ol mamal édeéer . Ge-iri ml-i bokl u
kuruma ve donma °© z ¢ |l me -evri minde kaplsaumamiaktzarréama vies
sénérl andérma getiril memicktir. Buna kar kén, AA
numunel erin, sudan kaynakl anan bozul mal ar a k
Mukavemet. (K¢M) deneyi uduk aamabkfteadewat Faklhitr
i-in icra edil mesi her proje, | aboratuvar ve p
-al ékmada, Kocael. Beyekkehir Beledi yesi sorum
Temel , Binder venAkémrema atl iemiar Ryt otsékékma d¢ zey
belirl endif9ji bir kalite kontrol data setinden
toplamda 1460 adet karotun deney sonu-1|aréneén
s é k dk,raee vy i a-éséndan %96 ve daha y¢ksek bir se
sajlayan bu grup i-in k¢tlece su emme orané %l
g¢evence sisteminde bir | i mi-kuudayd domma Pl zagrlanke k u | |
-evriml erinde kaplamada olukacak ol an hasarl ar
tavsiye edil miktir

Anahtar Kelimeler: Asf al t Kar ot , Sekékma Seviyesi, Su Emn
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Investigation of Relationship Between Water Absrption and Compaction Level of
Asphalt Pavements for Field Verification

Abstract

In order to build an asphalt concrete pavement resistant to environmental conditions and
traffic, it is imperative that the mixture is designed correctly and compactedappttopriate
equipment after laying operations. If the air voids distribution and dimensions in a finished
pavement are above a certain limit, and especially if the air voids are interconnected, air and water
intrusion may adversely affect the service bifethe pavement, especially due to wiey and
freezethaw cycle effects. Therefore, it is stipulated by various specifications that the level of
compaction in a finished pavement should not exceed a certain limit. Minimum bulk density in
the field typicdly ranges from 96% to 100% of compacted bulk density in the laboratory. In
addition, according to KTS 2013, which is a main specification for highway constructions in
Turkey, the average density of the core samples with a diametel&fdf taken fromhte field
one day after its construction should not be less than 98% of the laboratory mix density and the
single density should not be less than 96%. There is no limitation on the level of water that leaks
into the pavement due to permeable voids andkébhylito damage the pavement during the-wet
dry and freez¢haw cycles. On the other hand, Indirect Tensile Strength (ITS) test is applied to
determine the resistance of the samples prepared in accordance with AASHTO T 283 against
moistureinduced damage. dtvever, since this experiment is a very detailed one, it cannot be
performed at every project, laboratory and professional level. In this study, a quality control data
set was used to determine the compaction level and water absorption rates by takingpBgu
Base Course (BBC), Binder Course (BC) and Wearing Course (WC) type core samples from the
asphalt road network under the responsibility of Kocaeli Metropolitan Municipality. According
to the linear regression analysis, by an experimental set in Widdhst results of a total of 1460
cores were used, a compacted level of 96% or higher was obtained in 79% of the set. For this
group that meets the specification criteria, the water absorption rate by mass has been determined
as 1% and it has been sugtgs that using this value as a threshold in the quality assurance system
may be beneficial in minimizing possible damage to the pavement duringryvand freeze
thaw cycles.

Keywords: Asphalt Cores, Compaction Level, Water Absorption, Field Verification

1. INTRODUCTION

Turkey is one of the countries where asphalt roads are used relatively more than other
pavements. HeMix Asphalt (HMA) is densely graded mixes with coarse, fine and mineral fillers.
HMA is produced in the plant and is paved and compawaitid a multilayered form. The
pavement, which is expected to meet axle loads, should provide minimum properties such as
friction, surface smoothness, noise control, rutting resistance, impermeability and adequate
drainage. Mixing proportion is made accoglito Marshall Design. The purpose of the Marshall
Design method is to determine rutting and fatigue resistance, low temperature crack resistance,
moisture resistance, shear resistance and workability properties in order to correlate laboratory
results wih field performance (Asphalt Institute, M5 2014). These criteria should be
considered during laboratory mix design. Other design methods, such as Superpave, are not yet
widely used due to their high demand for material properties that require additi@stment
of time and money.

The quality control processes of the compacted pavement on asphalt roads in Turkey are
carried out according to HTS 2013. Bulk density of the pavement is determined by the cores taken
from the marked locations by Technical Audit Engineer. Cores are takaneast one pair from
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every 250 tons of production, or at least one pair every day in shorter sections made without
connection with each other. Average bulk density of the cores with a diametet Bith@taken

from daily construction should not be dethan 98% of the laboratory mix density. In addition,

core densities should be no less than 96% of the laboratory mix density for Binder Course and
Bituminous Base Course and no less than 97% for Wearing Course. If the compaction level cannot
be achievedthe reasons should be investigated and the sections where the compaction level is
insufficient should be excavated and reconstructed. Also, no section of the road should have more
than 100% compaction level. The limit for layer thickness is determinethéoynaximum
aggregate size in the mixture. To this end, the layer thickness, which is paved and compacted at
once, should not be less than 1.5 times and more than 3 times of the maximum aggregate size. In
addition, the thickness tolerance of the layerlisweed to deviate up to 10% of the project
thickness (HTS 2013). There is no limitation on the amount of water that leaks into the pavement
due to permeable voids and is likely to damage the layer during thdryvand freezéhawing

cycles. On the othehand, Indirect Tensile Strength (ITS) test is applied to determine the
resistance of the samples prepared in accordance with AASHTO T 283 against deterioration
caused by water. However, since this test is a very detailed experiment, it cannot be patformed
every project, laboratory and professional levels. In this study, a quality control data set was used
to determine the relationship between compaction level and water absorption rates by taking cores
(Bituminous Base Course (BBC), Binder Course (BC) ®ehring Course (WC)) from the
asphalt road network under the responsibility of Kocaeli Metropolitan Municipality.

2. MATERIALS AND METHODS
2.1.Mixture Design and Field Application

Within the scope of the study, AC 50/70 bitumen was procured from tHashiuPetroleum
Refineries Corporation (TUPRAS), Kerfez Refine
are given in Table 1. A#legekelighestore qualmytwasiusecahd f r om |
the physical properties of the mineral limestone aggeegre given in Table 2. In the laboratory,

asphalt mixture design was made according to the Marshall procedure in accordance with ASTM

D6927, and then field application was made. A fidvart of the Quality Assurance System

referenced in asphalt road sbruction is given in Figure 1 and an activityecklist is given in

Table 3.

Table 1. Physical properties of bitumen (AC 50/70)

TEST STANDARD RESULTS
Penetration (0.1mm), 100 g,5 s TS EN 1426 54
Softening point C) TS EN 1427 52
Specific gravity(g/cnt) TS 1087 1.034
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Table 2. Physical properties of limestone aggregate

TEST STANDARD RESULTS

Coarse Fine Filler
Aggregate | Aggregate

L.A. abrasion (%) TS EN 10972 22 -- --

Magnesium sulfate test (%) TS EN 13672 1 -- --
Crushed valu¢Xo) 0 100 - -
Flatness Index (%) BS 812 195 -- -

Nicholson stripping test (%) KTS 2013 AppendibA 55 - -

Plasticity Index (PI) TS 1900 - NP NP

Specific gravity(g/cnr) TS EN 10976 2.723 2.721 2.696

Water absorption (%) TS EN 10976 0.617 0.41 --

N Made a 400 m2 test
d »| track at every changin:
. . »
Planning »| Loading on trucks of mixture and project
>
A 4
Is the surface suitable for
construction? No
Order
A
Are the Weather ani Fix the
Subgrade Conditions ves_| nonconformi
Suitable for Asphalt Y
Construction? A 3 q
Paving l— 1
. <
Mix design Wayhbill approval [~
Fix the
nonconformity and| |
get permission
from DOT .
Does segregation occur? Remove
! A, Isthe Paving Temperature inappro_pria(e
Appropriate? section
Preparation of the Shipment of the
—» Workplace Mixture product
Formula
A
Production Has the product met

the Quality Control

Does Peeling Occur®
Are the Compaction
Temperature and Uniformi
Appropriate?

Criteria at the filed?

as the product me’ ¢
the Quality Control
Criteria at the planiz Are Thickness and
Reject product  [€—No Compaction Levels Sufficient
for Cores?

Yes—P
» FINISH

Figure 1. Reference flowhart for asphalt road construction (Abut, 2018)
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Table 3. Reference checklist for asphalt road construction (Abut, 2018)

Yes

No. | Processes & No
1 Have necessary security measures been taken?
2 Is the mix design report appropriate?
3 Is the Workplace Mixture Formula (WMF) appropriate?
4 Is asphalt produced using at least three different aggregate fractions?
5 Is the aggregate used in the mix design for asphalt production?
6 Is thedeclared aggregate used in the mix design for asphalt production?
7 Has a test track of 400%heen done?

Does the information on the delivery note meet the material specifications re

in the project?

Are the air temperature and subgradeditions suitable for asphalt construction

If the weather is not suitable, has "THE APPROVAL LETTER" been received
10 | the Administration for asphalt construction?
11 | Does segregation occur while the HMA is being paved?
12 | Are there anuncommon materials in the mixture?

The temperature of the production leaving the plant should be betwedn3.40
13 | Is the temperature recorded?

The temperature of the mixture in
14 | temperatureecorded?

The temperature of the mixture sh
15 | started. Is the temperature recorded?

Rolling should be completed before the temperature of the mixture drops be
16 |AC. Il s the temperature recorded?
17 | Is the product consistently produced homogeneously?
18 | Does the transportation of the product comply with the specification?
19 | Is paving done with a paver?

Are paving & compaction equipment, tools, workers and foremen sufficient f
20 | project?

Does the layer paved on it meet the necessary conditions? Is the geome
21 | compaction level sufficient?
22 | Does the prime coat comply with the specification?
23 | Does the tack coat comply with the specification?
24 | Is the plantapacity sufficient to ensure regular production?

If the granular layer is the PMB (Plaktix Base), has it been compacted W
25 | compactors or rollers so that there is no loose aggregate and a smooth surfa
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26 | Is the compaction process done frlmw to high elevation?
27 | Is the compaction process done from the inside of the curve to the outside?
28 | Are the geodesy activities suitable for paving & compaction process?
29 | Did the laboratory staff take enough HMA samples?
Has thecompaction test been applied to the PMB (RMint Base), and is it leve
30 | enough?
31 | Is the surface unevenness of the compacted asphalt suitable?
32 | Are the cylindrical samples (cores) taken from the compacted layer?
33 | Does the thickness of tlweres meet the specification tolerance limits?
34 | Does the compaction level of the cores meet the specification tolerance limits
Have the necessary safety measures been taken to prevent vehicles from
35 | through the fresh pavement?
After the last rolling, no traffic should pass over the pavement until the sU
36 | temperature reaches the ambient temperature. Is it provided?

2.2.Field Verification

A quality control data set (1460 cores) was used to determine the compaction leweitand
absorption rates by taking core samples (Bituminous Base Course (BBC), Binder Course (BC)
and Wearing Course (WC)) from the asphalt road network under the responsibility of Kocaeli

Metropolitan Municipality. A spreadsheet of the dataset is showrgurd-2. Bulk density tests

were applied to the core samples taken from the field in this data set in accordance with ASTM
D 2726 (Figure 3). Percent of Bulk Density is expressed as the percentage of the densities of the
cores taken from the field and tMarshall briquette produced in the laboratory, as shown in

Equation 1.
Ot 0 & GEEE | cPorwIt
5 Y I N 1~} Ny
LQI WABO DVE | VO v P
Dwwé i BOEOW@WE | Q0 w
A B € D E £ G H | J K L
Mass of the
Mass of the Mass of the Laboratory Mass of In-Place COMPACTION WATER
YEARS sins CORE TYPE Rt dry specimen specimen in saturate.d surfa(e.- Bulk Density the water Density LEVEL ABSORBTION
NO (mm) 3 dry specimen in air
inair(g)  water(g) ® (g/em3) (8) (g/cm3) (%) (%)
2007 2 WEARING COARSE 415 673.0 386.0 677.5 2.505 4.50 2.309 92.2 0.67
2007 2 WEARING COARSE 62.5 1092.0 638.0 1094.5 2.505 2.50 2.392 95.5 0.23
2007 2 WEARING COARSE 53.0 924.0 540.0 926.5 2.505 2.50 2.391 95.4 0.27
2007 3 WEARING COARSE 83.3 1450.0 836.5 1451.0 2424 1.00 2.360 97.3 0.07
2007 3  WEARING COARSE 61.5 10315 583.0 1037.0 2424 5.50 2.272 93.7 0.53
2007 3  WEARING COARSE 57.9 983.0 561.5 984.5 2424 1.50 2.324 95.9 0.15
2007 4 WEARING COARSE 77.6 1281.0 723.5 1285.5 2452 4.50 2.279 93.0 0.35
o 2007 4 WEARING COARSE 56.3 926.0 526.0 931.5 2.452 5.50 2.284 93.1 0.59
g - 2007 5 WEARING COARSE 83.3 1449.0 831.0 14495 2470 0.50 2.343 94.8 0.03
- 2007 5 WEARING COARSE 63.2 972.5 558.5 978.5 2470 6.00 2.315 93.7 0.62
2007 5 WEARING COARSE 74.2 1253.0 704.5 1259.0 2470 6.00 2.260 91.5 0.48
2007 6 WEARING COARSE 51.1 931.5 533.5 940.5 2.323 9.00 2.289 98.5 0.97
2007 6 WEARING COARSE 64.8 1065.5 614.0 1072.5 2323 7.00 2.324 100.0 0.66
2007 6 WEARING COARSE 50.1 788.0 458.5 800.0 2323 12.00 2.307 99.3 1.52
2007 7 BINDER COARSE 82.0 1417.5 839.0 1420.5 2474 3.00 2.438 98.5 0.21
2007 7 BINDER COARSE 824 1425.5 837.5 1428.5 2.474 3.00 2.412 97.5 0.21
2007 7 BINDER COARSE 108.0 1820.5 1070.5 1844.0 2474 23.50 2.354 95.1 1.29
2007 8 BINDER COARSE 54.1 913.0 527.5 916.0 2.437 3.00 2.350 96.4 0.33
> .| 2007 2008 2009 2010 2011 2013 2014 2015 2016 2017 2018 2019 T @ H
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Figure 2. The spreadsheet for cores used in field verification

FIELD LABORATORY

In-Place Density Laboratory Bulk Density

Figure 3. Comparison of field and laboratory densities (Abut, 2018)

3. RESULTS AND DISCUSSION
The following results were obtained according to the regression analysis;

T

It has beemletermined that the values in the blue circle shown asamrapacted and
insufficiently compacted cores do not meet the specification limits (Figure 4). Root
cause analysis of such deficiencies should be done with the control forms and charts
of the qualiy assurance system given in Figure 1 and Table 3. As the pavement
thickness increases, better results can be obtained for the compaction level results, and
although there is a trend, it can be said that this relationship is not very significant
(Figure 4,R*=0.01).

Figure 5 shows the relationship between pavement thickness and water absorption.
Thick or thin pavement did not have any effect on the water absorption rate. It can be
said that water absorption varies depending on other effects (tempeterdgypes,
number of rollers passes, slope, early traffic opening, etc.) independent of the
pavement thickness.

Figure 6 shows the relationship between compaction level and water absorption.
According to the linear regression analysis, by an experiinseitén which the test

results of a total of 1460 cores were used, compacted level of 96% or higher was
obtained in 79% of the set ¥ 0.40). For this group that meets the specification
criteria, the water absorption rate by mass has been determinedaasl 1i%as been
suggested that using this value as a threshold in the quality assurance system may be
beneficial in minimizing possible damage to the pavement duringliyetind freeze

thaw cycles.
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Figure 4. Variation of Pavement Thickness and Compattavel
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Figure 5. Variation of Pavement Thickness and Water Absorption
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Figure 6. Variation of Compaction Level and Water Absorption
CONCLUSION

Turkey is one of the countries where asphalt roads are used relatively more than other pavements.
The quaity control processes of the compacted pavement on asphalt roads in Turkey are carried
out according to HTS 2013. Average bulk density of the cores with a diametet 6fctf taken

from daily construction should not be less than 98% of the laboratorgdenisity. In addition,

core densities should be no less than 96% of the laboratory mix density for Binder Course and
Bituminous Base Course and no less than 97% for Wearing Course. There is no limitation on the
amount of water that leaks into the pavemerd tb permeable voids and is likely to damage the
pavement during the welry and freez¢haw cycles. With this work, the water absorption rate

by mass has been determined as 1% and it has been suggested that using this value as a threshold
in the qualityassurance system may be beneficial in minimizing possible damage to the pavement
during wetdry and freez¢haw cycles.

Acknowledgements

I would like to gratefully acknowledge the Kocaeli Metropolitan Municipality, for the support
provided during the fiel application part of the study.

REFERENCES

AASHTO T 283, Standard Method of Test for Resistance of Compacted Asphalt Mixtures to
Moistureinduced Damage, Washington DC., American Association of State Highway and
Transportation Officials, 2021.

Abut, Y., Hghway Management Systeritg Flexible Pavements, dgervice Training Seminars,
Kocaeli Metropolitan Municipalit, Kocaeli, 2018, (in Turkish).

Asphalt Institute, Asphalt mix design methods. Manual series No.2, 7th EdMidpbexington,
KY, USA, 2014.

ASTM D2726 /| D2726M, Standard Test Method for Bulk Specific Gravity and Density of Non
Absorptive Compacted Asphalt Mixtures, American Society for Testing and Materials, 2017.

ASTM D6927, Standard Test Method for Marshall Stability and Flow of Asphaltuvést
American Society for Testing and Materials, 2015.

HTS, 2013. Highway Technical Specifications, General Directorate of Highways, Republic of
Turkey, Ankara, Turkey, 406/13 pp, (in Turkish).

108



s -t
(s 12. UBAK, 17 / 18 ARALIK 2021, Online, A ose

Presentation ID / Sunum No= 40

Or al Present aumi on / S°zl ¢ Su

ORCID ID: 0006000319540253

Normal Olmayan Daj danlaré Varyansek @ Saj lam Tahmé Edé&dere
DayaleG¢ven Aralg éY°ntemlerée-

Ahmet G¢rgaka', Prof. Dr. Hamza Gamgam

Gazi iniversitesi, Fen Bilimleri Enstitg¢sy
Gazij ni versitesi, Fen Fak¢ltesi, Kstatisti
ahmet.gurgasin@gmail.com

¥zet
Yéjén varyansénén tahmin edil mesinde yaygén
araléjeée y°ntemidir Kstatistikler y ayred E@méyl a
varyanséené belirli bir ol asel ékla kapsamasé b
sajl ayacakteér. Ancak normal dajéléem varsayémé :
aykére dejerler i-erdijinaet ahimidmje&diéanl qair éne va
edi ci si °rnek verisinde yer alan dejerlerden c
tahmin edicinin sajladéejé istatistiksel sonu- |
sajl anmadéjé @dusajilbamdtiuahumlrmareldi ci |l er kull anélrr
ol mayan dajélémlarén varyanslaré i-in sajlam \
aral éjé y°nt e mi °neril miktir. Bu ama-Ila kull an
daysadjel am varyans tahmin edicisi ve Winsorized
edicisidir Sonrasénda bu sajlam tahmin edicil
el e al énméxt ér Ardéndan sajl amatbahmersi edi ¢i
simgl asyon y°nt emi kull anéel mékter Yapéel an sim
y°nteml eri ile sajlam varyans tahmin ediciler
edi |l mi ktir El de edilen aslaggesaly° Aramkervienriin eu
yapél méktér. Hesaplanan sonu-Ilara g°re hem Bud:
varyans tahmin edicisine g°re olukturulan gg¢vert
daj él émén var yansagmé kloypmakd ajdemé
Anahtar Kelimeler: G¢ ven Ar al éj é, Sajlam Tahmin Ediciler,
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Confidence Interval Methods Based on Robust Estimator for NoiNormal Distribution
Variance

Abstract

One of the most prevalent methods for evahgapopulation variance is the confidence
interval method. Better scientific results will be reached by covering the unknown population
variance with a certain probability in a restricted range that can be obtained with the use of
statistics. However, whethe assumption of normal distribution is violated, and the data contains
outliers, the point estimate and interval estimation for the variance of these distributions may be
more affected by values in the sample data. The statistical findings produdes dypticable
estimator will be poor in such instances. Robust estimators are used in circumstances where the
normal distribution assumption is not met. In this paper, two confidence interval methods based
on robust variance estimators are suggested éowdhiances of nenormal distributions. The
Trimmed measbased robust variance estimator and the Winsorized-treesed robust variance
estimator are utilized for this purpose. Then, based on these robust estimators, two proposed
confidence interval methgdvere explored. The robust estimators' variances were then calculated
using the simulation approach. The variance estimates were obtained using Monte Carlo and
Bootstrap methods using the distributions of robust variance estimators in the simulation study
Confidence interval methods were applied with the obtained numerical sample data. According
to the estimated results, it is revealed that the confidence intervals provided by both the Trimmed
variance estimator and the Winsorized variance estimatorisah&variance of the distribution
acquired by the simulation research.

Keywords:Conf i dence Knt er v aiNormaRDidribusians Est i mat or s, N

1. GKRKKkK

Nor mal dajéléem varsayémé alteéenda, yéj én var
y°ntem vBumndléardan biri bu parametrenin tek bir
y°ntemi dijeri de bu parametre i-in olukturul a

Bil i ndinfhiacgimbii, bi rY,Vasvwlod makngkere, yeéjeén
S’ -in nokta tahmin edicisi akajedaki gibi tani
2 l 4 W\ 2
S=—34 (Y - 1.1

n_lg(Y Y) (1.1)
- 1.0
Y:_aYi (1.2)

Nz

Bunhacimli ©°rineyj@jnéséen idajigl eménén nor mal ol
Sz(n'l) 2

o2 ~Chy (1.3)
ol duju bilinir. Buna g°re,

a:Anl aml el ek d¢zeyi

2 cidajel emM@nlpsedel i k dejeri (1.4)

Cn— lal2-*
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ve
pCiiict,daj el e@/@dyac addl i k dej er i (1.5)
ol mak g,zere,szyéﬁém aaaya@khkse&ahmin edicisi

as?(n- Do g(n-) o

P > <———F— é (1.6)
(‘)Cn-l,alz al2 él -
olarak verilir.

Nor mal ol mayan dajél émlarén varyansé i -in
tahmin edicisi °rnek verisinde yer alabil ecek
durumdailgilitahmire di ci nin sajl adéjée istatistiksel sonu-
bir ifade ile nor mal dajéelém varsayéeméneén sajl
durumunda, °rnek varyanse t ahmin edi céi si yer
°neril mektedir.

Nor mal dajélém varsayémé sajl anmadéjéenda saj
el de et memi zi sajl amaktader . Sajlam tahmin edi
varsayéméneéen sa IIanmamasemddaTiku,Tant\PeBalaleishnae,yen t akt
1986). Etkin bir tahmin edici parameGramer i -i n ye
mi numum varyans sénéréna exittir. Tahmin edic
etkinlijini koroyeapham bahmtahmdnciedi ci ol dufj
sor u, °ng°r¢l en varsayeéemlardan sapmal ar én I .
etkiledijidir Dijer bir deyi«kl e, bir testin !
sajlam ol dkgnoadjul u, 2005) . Bir testin |. tip ha
ol duk-a b¢gye¢k dejilse testin sajlamléek kriterir
b¢e¢yek bir dejere sahip ise o teg&genonjeukive (Teki
2001).

2. NORMAL OLMAYAN DAJI LI MLARI N VARY ANSI K
TAHMKN EDKCKLER

Nor mal ol mayan dajél émlareén bilinmeyen varya
i ki si akajeéeda veril mi ktir.

2.1. Budanmék Ortal amaVabminkdigisal € ¥rnek Varyanseée

Budanmék ortalama ve budanmélRaoir mhil aimayeak dag
séral andéektan sonr a her i ki taraftan veya S
budanmaséndan (atél maséndan) | saoakahgenpyankal a
i K1 emi saja -arpék dajelemlar i -in séral anméck
simetrik dajeléemlar i-in séralanmék °rnek veri

Saj taraftan buydadamak Rizeirm, saygaé -arpek daj

ortalama ve budanmék ortalamaya dayal é sajlam
tanémlaneér .

Y ah —B O (2.1)

ve
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1
2 _ _T)\2 2.2
S8 (YD (2.2)
Sol taraftan bud,dveenam]g°tzalrean tsaany ébsyédimak an g° z |
iszer e, simetrik dajéléemlar i-in budanmék ortal :
tahmin edicisis e r aséyl a, akaj édaki gi bi tanémlaneér.
1 h

n( n? n)_ a. Y(i) (23)
2|nl—|':|'.

ve

S=— 3§ (Y -1’ @.4)

n'2n '1—|_}_ .
2.2.Winsorized Ortalamaya Dayalé ¥rnek Varyans:

Veri aykere dygjeagn eogrtialcamagamamre tahmin edic
yerine sajlam bir tahmin edici olan Winsorized
kez ©°rnekleme alanénda Kkull anél méxt ér (Ri vest
Ortal amaekdrmnek dejerlerin etkisini azal tmak i -
dajéel eménén kuyruklarénée yok eder. Bu durum bi
hacmi k¢-¢k ol dujunda bu bil gi kaybémdeér ka-én
Ortalamaya benzerdir ancak Winsorized Ortalam
kenojlu, 2008).

Wi nsorized Ortalama el de edishiyekard.glS &l &Imé v e
gzl emle ve ensadygddk dfal.leeg dleeml e nhaimi dej i kKt i

rasgelYeY%mletkak ¢zere Ypi.l eséglastiernialtsisn.i jSaja - a
se-ilen °rnek verileri ile ger-eklexktirilen i K|
ucundany apél érken simetrik dajéelémlardan ¢retil en
deji ktirme ikl emi ger-eklextirilir (Tiku ve AKk
Saj taraftan dej]iwtoil malken, zgr 2| esna] saa y-easrép € K
dej i ktir me i K1 e mi sadece saj taraftan yapéld
ortalamaya dayal e sajlam varyans t ahmin edi c
|
an(ln’ un) = : a (i) +q’1 Yn— W) ‘ (25)
i=1 !
2 1\‘e'h-.L:ni 2 2\
Sw=n—1|,a(\f -W)© Gy DEY, W (2.6)
e ‘

Sol taraftan badansm]jgtalramtaay dgydmakan g° z |
czere simetrik dajelemlar i -in dejiktirme ikl
ortalamaveW nsori zed ortalamaya dayalé sajlam varyan
tanéemlaneéer .

- U,

a
( n? n) = +lnYL]+1) ﬂ]l' Yn-u\) (27)
(;I—| 1

ve
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? 2 2 n-'Lfﬂi 2‘
HL (00 W O, W) Ay W @8)

3.4y VE{_SAIJLAM TAHMKN EDKCKLERKNKN DAJI LI MLAF

BilindY$FNmgd)bajel eméndan n YhYag.c,Yolmak r ast gel
c',zer\So‘e2 parametresinin bilinen klasik tahmin edicisi oldd’i statist.i ] akKkaj éc
tanéemlaneéer .

Y —B ® ® (3.1)
®w -B ® (3.2)

Yéjénén dajel eméned i sdramailsltiijjii naInt &drad a8, &bneé
nor mal daj él ema yakeénsar. (Her ear ty,ankaye n,y eNl &«
daj él éme normanis)ﬂamaidéﬁié]nidlaibuda]éléménén asi mj
yakénsamadéjé vyapélan sim¢glasyon -al ékmal ar é |

A = - - g 2 s . ~ . . . .
daj el eml ar & nmetoesi$ iin-meny esna jplaarma t ahmi n edi cil erin
Bunl ardan ikisiSywlkhsafdhamahaboi headicileridir

4 . ¥NERKLEN G} VEN ARALI KL ARI
Nor mal ol mayan dajéléemlarén varyansé i-in sa
akajedaki gi bidir.
41fysajlam Tahmin Edicisine Dayalé G¢ven Aral éj¢
Nor mal ol mayan dajélésnzlia—risfrsaljillairmmeawm nv &rdy a
dayal e ol an g¢ven aral éjé akajédaki gibi wveri/l
0% &y @Y , Y Oy oY p | (4.1)

Yukar &g,adkeij er i standart |nfforimali d/gjzaled mka ded!
V(S)de bu sajlam tahmin edicinin vas(pnsédeér.

dejerinin bulunmasé i-in herhangi bir teorik f«
varymwe&msé&ulunmasé i-in 2 yol ©°neril mektedir.
Bunl ardan biri Monr¥esafhamot Xhmt emiedi tesinir
varyans tahmininin bulunmasédeér. Dijeri de Bo
(Carpenter,Bt hel | , 2000) . Bu y°ntemler akajéda késa

4.1.1. Monte dpsdjol aym nttaehmii ni |eedig{ysdienfienr idnajne! &
bul unmaseé

¥rnek nlod acnmik ¢

VA
dajéel emdan i6 inc
Y, 'Q pRghashy (4.2)

ere tekrar say
it

ésé R ol an bir
ekrar i -in bu

tahmin edici
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bi-iminde ifade edil ssin. B 8215 @ ngehmire ediblsinmt e Car |

daj él éméndan bu tahmin edici i -in varyans tahm

®Y —B Y Y (4.3)
Yukarééﬁadkei]elsﬁ,"Q plgfsadiy, tahminedi ci l erinin g°zlem ¢

ortal amasédér ve akajédaki gibi hesaplaneéer.

~ _B "y (4.4)

Bu yolla bulunanV(S) dej & sajl am tahmin edicisinin va
kull anél ér .

41.2. BootstrfapayPamembahimie edigisdejeridmijm@l é&n
bul unmas e

Bilindif7Ji gi bi Bootstrap Yy °nrhacieninbirrrastgele® nce i |
°rnek se-ilir, daha sonrhadiamlbiu %rarsd g ey er i°me ekko
ile se-ilir ve bu iklem B defa tekrarlanér. Bu

¥rnek nmbdeomaik ¢zere Bootstrap tekrar sayésé B
inci tekrar i-in bu tahmin edici
S . 'Q plefesn (4.5)
bi-i minde i fade edil sin. Bwsmd | gamr ¢ aBmioh s terdd
dajel eméndan bu tahmin edici i-in varyans tahm
wvY —B Y Y (4.6)

Yukar &ddaejietyi, Q plgresn, tahmin edicilerinin g°
ortal amasédér ve akajédaki for mgl il e hesapl an
Y -B Y 4.7)

Bu yolla bulunan @Y dej &rsiajl am tahmin edicisinin var
kull aneéel ér .
424_sajlam Tahmin Edicisine Dayalé G¢ven Aralej

Nor mal ol mayan daj el é£m2L ar'®mrmiadil laim meayhem nv aerdyi a
dayal e alran eg@verxaj édaki gibi verilir.

Y @ ey .Y b oY p | (4.8)

Yukar &g,adkeij er i standart |nforimali deagjzaled mka degi
WY bu sajlam tahmin ediciyminn daj ®yYEmhdeqdarma.ni Mor m

bulunmasé i-in herhangi bir teori k formgl y ol
varyansénén bulunmasé i-in 2 yol ©°neril mektedi

Bunl ardan biri Mo Y e a jClaa h ot &R mdt agj] néel deiingeiensdi anni r
varyans tahmininin bulunmaseédér. Dijeri deBoo:
(Carpenter, Bithell, 2000) . Bu y°ntemler axkaj
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4.2.1. Monte {asdjol gmnttehmi i |l edne] sdajaridaj @l én
bul unmase

¥rnek nodanmik ¢zere tekrar sayésé R olan bir
daj él émdan i’ inci tekrar i-in bu tahmin edici
Y, Q pRlhesiy (4.9)
bi -im nde i fade edi | sntem.ileBuakhmigAredMoinsieniCarda
bu tahmin edici i-in varyans tahmini akaj édaki
WY —B Y Y (4.10)

Yukar évddlki erYi,Q plgresiy, tahmin eddejéeréemnini m-
ortal amasédér ve akajédaki for mgl il e hesapl an
Y -B Y (4.11)

Bu yolla bulunan ™Y dej ®&rsiajl am tahmin edicisinin var
kull aneéel ér .

4.2.2. Boot s rtehminegiismine aiji &éli ¢@dndeperini n bul unma

Bilindiji gibi Bootstrap ynhmatemlnddiYnceasiglegd
se-ilir, daha sonra da bu rasgele °rnek i-inde
se-ilir vetkekriakwlleem éB .d eBfua adaki B dejeri Boot s

¥rnek nbdamik ¢zere Bootstrap tekrar sayéseée E
i"inci tekrar i-in bu tahmin edici
Y 5 Q plthess (4.12)
bi-iminde ifade edil sin. BYyisa]j bamet Mlomt e €drt k
dajel eméndan bu tahmin edici i-in varyans tahm
w"Y —B Y Y (4.13)

Yukar &da&ji eVi, Q pkhsdn, tahmin edicilerinin gf
ortal amasédéer ve akajédaki for mgl il e hesapl an
Y -B Y (4.14)

Bu yolla bulunanw™Y dej &rsiajl am tahmin edicisinin var
kul lranél é

5. SAYl SAL ¥RNEK

Bu bel ¢ mde, nor mal ol mayan dajéléemlareén bi
edicilere dayalé g¢ven araléeklarGammng&a i sayésal
daj el enF20Waani ml i bir °rnek verisi kullanél méxkt

Geven aral @kl ar @neégnveto | ibkptaur raumemarsed nnd aGa mma  d -
kullanél méktér. Buna g°re, bg’=8a§ GK=E1MBH varyan:
olarak bulunur. ¢arpékl ék kdat]®d e eln, a4 o lad
anl akeéel ér qveAkatppdaametrel. Gamma dajél éména il
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k ekiGamm#2,0.5daj el eména ilikkin ejri
0.2 : . ;
- alfa = 2, beta = 0,5
0.18 /\ g
0.16 | ’j/ \\
014 | \

0.12 | | \
|

01} \
|

| \
0.08 ||
|
|
0.06 ||
|
|
0.04
|
I
|

0.02

0 1 L L I L
o] 2 4 6 8 10 12 14 16 18 20

Aka] eday sfanjcleam tahmin edicisine dayal é ol ai
Y tahmin edicisine dayaleé ol an g¢ven araleje i-

51 {ySajlam Tahmin Edicisine Dayalé G¢ven Aralé

Sajl am tahmi ngewdrncidrealee jdaaryand &ammgt0b)r ul mas é
daj el eme20dhamci ml i rasgele °rnek verisi kull ané
séral anmék ve akaj] édaki séral é veri elde edilm

0,9686 1,0866 1,1622 1,6496 1,6858 1,7394 2,6096 2,7480 2,8316 3,1732

4,2081 4,2986 6,0918 6,7822 8,4948 8,5973 8,8489 9,5630 10,6644 18,9139
Tablo 1. Gamm&2,0.5)d aj él eméndan el de edil mik 20 haci ml|

Bu Gamma dajéel émé saja -arpék ol dujundan bu
tarafendan 0, 2Qu,=Mlabdamar ak awani | seéeral é& veridek:i
yapél mékt ér . Bu budanméxk wenméik io-ritm| amayrmamdarkayar

varyans tahmin edicisi Ek. (2.1) ve Ek. (2. 2)
“¥Y=3,6330veY= 6, 5801 ol arak hesapl anméxktér.

WY defjerini bul mak i-in °nce Monte Carl o y?°
Gamma daj él émendan yine 20 haci mli bir °rnek s
°rnek varyans Miadfitma tni tdii jcii siim,j ndej eri hesapl ant

B u 1 k0I0@0 kez tekrarlanarak,

Y h'Q pltfB p (5.1)
dejerl eri el de edil mi ktir. Bu sonu-1lara dayal é
varyansé Exk. (4.4) ve Ex. (4.3) kullanél arak,

Y =2,8464van Y  Tp X wojarak hesapl n mé kt ér .
c

wY dejerini bul mak amaceéyl a BootYstahmap y°nte
edicinin varyanséné bu y°ntemle bulimakni -yiimec¢i2
haci mli bir °rnek yerine koyarak y°ntemi il e s
°rnek varyans Miashtmitni setdiijciinsiinni nd,ej er i hesapl ann

Bu i klem 10000 kez tekrarl anar ak,
Y hQ pkff8fp it m (5.2)
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dejerl eri el de edi |l mi ktir. Bu sonu-1|lara dayal €
% ryansé, Exk. (4.7) ve Ex. (4.6) kullanél ar ak,

—>

"Y =5,7500ve w Y thhpcod arak hesapl anméxkt ér .

Gamm#2,05 daj él eméngegnm- Warajdmse tahmin edicisine

aralejenéen bulunmasé ii-in hem Monte Carl o hem
tahminlerik ul | ané&l mék,tie-r'y 8 &jalhamtnaltemi n edi ci si ne day:
Ek. (4.1)06de verilmixkti

Gammg2,0.5)daj €l eméndan 20 hacimli °rnek i-in bu
"Y =6,5801
ol arak hesaplanméxkté. Ayrécaobdufgamimel da] e heame

hata0,05ikenZ,,=1, 96 ol dwjnua byi°lrieniMo.nt e Carl o y°nt e mi
tahmini,°Y TpX wlep | g¢ven dGammyde,0.8kaj él éménén varyan
géevelnepe a
47424 8,4177
olarak bulunur.
Bu dajéIéA_én varyansénén 8 olduju daha ©°nce
J

géeven aral éjénéen bu Gamma daj él eméenén varyanseé

Benzer bi-i mde Bootstrap y°nto€¥ni t@iplce¢ hesapl
lep | gé¢ven dpPpapyi¢iddedaj él eéménén varyansé i-in g
2,5100 10,6501

ol arak hesapl anér.

Bu daj él éemén varyansédarndmi&tol dBjuu shbaatlua | am ae
I é]

i

géeven aral @éjénéen bu Gamma daj él eménén varyanseé
Sonu- ol ar ak, i ki varyans tahmin edi ci si il

"0 & G ) da]éléméaeeadg}meg%é r.

52 {_sajlam Tahmin Edicisine Dayalé Given Aral ¢
Daha Ysag¢lam tahmin edicisine dayalé ol an

¢izel ge 1. IGamred2,0.8)d a jaéll aémrme20 charc i ml i rasgele ©°rn

kull anél mékt é.

Gamm#@2,05)daj el émé saja -arpé&krbidrejdajtélranm o lkd
séral anmék °rnek verisinin sadece saj tarafeéend
yer deji ktu ¥deel eomnaénké viel esadece saj tarafta yer

veri akajéeda verilmiktir.
0,9686 1,066 1,1622 1,6496 1,6858 1,7394 2,6096 2,7480 2,8316 3,1732
4,2081 4,2986 6,0918 6,7822 8,4948 8,5973 8,5973 8,5973 88,5973 8,5973

Tablo2.¢i zel ge 1. 16de yer alan séraleée °rnek veri
deji ktirme ikl esmdr slod@utcmunek deeridsil en

YukaréedaWinserriized eortal ama ve Winsorized or
tahmin edicisi, Ek. (2.5) ve EK. (2.6) kullane
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W =4,6258veY = 9, 3454 ol arak hesaplanér.

WY dejerini bulbmdkjiu-idahiakPngel belirtil mikti
el e al é@énméxkteéer.

Monte Carl o y°ntemi il e ayne Gamma daj él e meée,]
yer dejiktirme ikKklemine bajlé olYairatatsia§t iajm ®ir
dejeri hesapl anméxter .

Bu iklem 10 000 kez tekrarlanarak,

Y h'Q pkiBIp nimn (5.3)

dejerl eri el de edi |l mi ktir. Bu sonu-I|l ara dayal €
varyanse, Ek. (4.11) ve Exk. (4.10) kull aneéel ar a
Y =3,807vew Y =1,8350

ol arak heeadrptiahemekheérbul mak i-in Bootstrap y°n

Bu tahmin edicinin varyanséné bu y°ntemle bu
°rnek verisi i -inden iynemek @Yarhaakc iyl nt ebmir i°lrene
dejiktirme 1iklemine bajlé ol™Mriask a®rséekjivairyan
hesapl anméxkter .

Bu iklem 10 000 kez tekrarlanar ak,

Y hQ pfBp nnnn (5.4)

dejerl eri elldseorud-ill ani ®t dayalBé ol arak bu sajlar
varyanse, Ek. (4.14) ve Ek. (4.13) kullaneéel ara
Y =9,949vewY = 4,8133 olarak hesaplanméxktér.

Bu Gamma daj él émesna&nl amrtyammién iedmtépénenday
ol ukturul masénda hem Mont e Carl o hem de Boot ¢
tahminlerik ul | anél mékt ér .

, I -¥msajlam tahmin edicisine dayaleé ol an g¢ven

Gamm#g2,05) daj él éméndan 20 haci mli °rnek i-in
varyans tahmin edicisiy = 9, 3454 ol arak hesaplanméxt é. Ay
varyansénén da 8 ol duju belirtilmikt:i

L.tip hata 0,05 ikeZ,,,=1,9601 duj ur bi Buna g°re Monte Carlo y°
varyans tahminico™yY =18350ilep | g¢ven dGCammpd20bdedaj él éméneén

varyanseé i-in g¢gven araleéejeé,
6,6904 12,0004
ol arak el de edil mi ktir.
Ayneé «kekil de Bechesapiahan eafyanstdhmibie&y n¥4,8183ilep |
géeven dpbmeGamtha daj él éménén varyansé i -in gg¢gve
5,0454 13,6454
ol arak el de edil miktir.
Bu sonu-lara g°re iki varyans tahmin edicisi

deGamm#2,0.5d aj €l eménégn ghdejyamnis@inékapsadée]jé g°r ¢l me
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¥zet

Regresyon -°9z:mlemesi |, gerektirdiiji var sayeéml
biridir. Ancak bu varsayémlarén sajl anamamasé
daj el otakmar,el asyomajviean-t@&k lpur obl eml er i ve ayreéca
aykére dejer(ler) regresyon -°2z¢:;mlemesinin tah
Bu nedenl e yapél acak ol an -é&kar srama3éak!| &lkalnag | g er
yakam veril eri ile -alékéldéjéenda s°z konusu
Literate¢grde varsayémlardan sapmal ar ol dujunda
ol umsuz etkiye sahip ol mayan tde&yarkd kelrd rged i s
¢tal ékmada veri i-erisinde aykereée dejer(ler)in \
i -erisinde var ol an hem dojrusal hem de dojrus:
sinir ajéneén yllnasiyke rda mae-, ffamrkdié ti pte dayanékl
ama- fonksiyonlaré kull anél méktér. Ger-ek yaka
i -eren y°ntemden el de edilen sonu-1Iar hem do]j
analizlden el de edilen sonu-1lar ile karkélakteéereln
°czell ikl eri dojrultusunda klasik y°ntemlerden
Anahtar Kelimeler. Dayanékl & Tahmin Ediciler, Yapay Sinir

A New Artificial Neural Network Model to Consider Simultaneously Linear and
Nonlinear Relations Using Different Types of Error Functions

Abstract

Regression analysis is one of the most powerful statistical techniques under the assumptions
it requires. Howeer, if these assumptions are not met by the datacoostant variance, nen
normality, autecorrelation and multicollinearity problems and moreover the problem of having
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outliers in the data set have negative effects on the estimation results of gssioeganalysis.
Therefore the inferences about regression results can lead to misleading interpretation. When
working with reallife data, deviations from these assumptions occur. In the literature, robust
regression analysis techniques have been dewkltm do not have a negative impact on
regression estimates when there are deviations from the assumptions. In this study, in case of the
data contaminated by the outlier(s), the different types of objective functions corresponding to
robust regression tsation have been used instead of the classical objective function of the
artificial neural network that analyzes simultaneously both linear and nonlinear relationships. The
proposed method with including different objective functions was applied tedHée data set.

The obtained results were compared with the results obtained from linear, quadratic and cubic
regression analysis. The proposed methods according to the characteristics of the objective
functions performed better than the classical masho

Keywords: Robust Estimators, Artificial Neural Networks, Hybrid Model.

GKRKKkK

Kstatistiksel tahmi nl eme gzl eml er Ve var s
Kurul muktur (Huber, 1981) . Regresyon analizin
varyansl &, hat al arén dajéeléemlarénén arakr mal da
séral anabilir Varsayeéeml ar ge-erli ol duju sg¢r e
kareler (EKK) tahmin ediciler:i l'ineer, yanséz
Ancak ger-ek yakam veri 6kéeif)ihevanlekel dejead
nor mal dajelem g°stermedi]i duruml arénda vars
regresyon tahminlerinin tutarl éléjé bozulabilm

Literatg¢rde veri i -erisinde ayvykhérokdsosjpgedlae
dayanéekl e regresyon tahmin edicisi gel i ktirilmn
en k¢-¢k mutl ak sapma-LADéasenAkgoeylkumedPawni kat
squareL MS) LTS, M t ahmi n lie(Hubar,il98% Rousseelvwave leekoy, s ér al a
1987; ¥zt(;rk, 2008) . Dayanéekl e y°ntemlerin ©°nc
durumlara karkée dayanekle ve kararl é& sonu-1ar
et mektir. cal ékmamaeéenz ¢inhi égmimnden°heédAD ve LMS t a
ol arak dejinilecektir. LAD tahmin edicisinin ¢
k¢-¢kl emeyi hedefl emektedir. Denklem (1)o6de L
formegl ¢ze ebal mamdar .LABu t ahminl eri aykere de
tahminlerinden daha iyi performans g°stermekte
hata karelerinin medyanéné en k¢- ¢kl emeyi hede
EKKhemdeLADt ahmi nl erine karkén daha ivyi perfor mans
tahmin edicisinin ama- fonksiyonu form¢gl ¢ze ed

DOOB w ® (@H)

, - 3400@D » 2

Literat¢rde edddiyankeé&t eveahpmpay sinir ajlare
aralarénda farkle bi-imlerde geleneksel y°ent e
y°nteml er, yapay sinir ajlaré i-erisinde kulle
performangg ® st er di k| er i belirl enmiktir (Rusiecki, 2
2018).

Literat¢rde, ger-ek yakam verisinin dojaseé
de dojrusal ol mayan kar makék il i kkagek -8 gral e
optimizasyonu ile ejitilmik yeni bir hibrit y
al eénarak yapélan bir bakxka -al ékmada, Baltaceé
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yapeésénén i-inde wvar ol ainkkddjerrus ady nwe adnadjar u-sfaz
yayél ém algoritmasé ile ejitilmik yapay sinir
sonu-1ar el de edil mi ktir. ¢al éeékmada i se, dayan
tahmin edicilsdryiomilmmr@m&-uliamil arak ©°nerilen a
alternatif olukturul muktur.
¢al Eékmanén amacé; ver i i -erisinde aykere d
verisinin dojasé gereji i-erisinddiw&rn |lelran atye
anda -°9z¢mleyen yapay sinir ajéeénén klasi k ama-
kull anarak yeni bir hibrit aj geliktirmektir.
MATERYAL VE Y¥NTEM
Materyal, Kurnaz vd. (2018)06nin oyapmeE doalnd uk
kaydetti kl erii ve yeni bir haritalama kural é ge
bajl amda veride ha#oitnaleamarienice $laRi 03i gregli Kk k
(channel gual ity indi edxteomekd e&jri. Kk eni a-éklanm
Tablo 1. Kurnaz vd. (2018) veri seti
G°zIl em PCQl SIR
1 28.025 20.427
2 27.150 18.940
84 29.430 21.820
85 29.860 23.450
Veriye, °nerilen ajda sigmoid fonksiyon kull
ver.i isreten normalizasyon y°nt emi uygul anméexkt é
W — 3)
Performans kriteri ol ar ak nenklemdelifade edilee di | en
RMSE dejerinin en kg¢- ¢k, en b¢yeék, ortal ama ve
YO YO -B, aQQaestEé 0o 4)
Geliktirilen y°nt emde; Baltace vV e Usl u (2
fonksi yonuna alternatif olarak dayanékl & tahmin
aj geliktirilmicktir. Kl asi k durdur ma kriterdi
LS&D&DO&YSA; LAD kriterinin kullanéldéejée y°nte
kul | anél déej é y°ntem i se LMS&D&DO&YSA ol ar ak a
al goritmasée akajéedaki gibi verilmiktir.
Adém¥dnekl erin toplanmasé akamasénda ejitim v
ol acajéna karar vermekéelamaktEegt a Bunk&] eaimda - 1 On
k¢me se-i mi yapél mexkt éer . Efjitim k¢g¢me orané 0.7

belirl enmiktir.
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Adenmk ki | 16de aj yapeéesénén kKematize edil mekt ec

k e k i D&DQ&YSAmimarisi

©

(7]

- & 8

o
- E
© Q (b
(2]
> 1) é 5
- x
° 0
[a)

Girdi Katmg/ P Gizli Katman 4PYGRBRYI YP

wdl er girdi Udejeirk kejndrelréakni dejerl erini t emsi
fonksiyonl aPétt sMcCaoahksetchon ( x) vV e -arpémsal
belirl enmiktir. Aktivasyon fonksiyonlarée da do
(6) denklemdekigb f or m¢l ¢ze edi | mi Kkt i r .

MNMw (5)
Qw —_— (6)
AdémBaxl|l angé- ajérl ekl aréeneén hesapl anmaseé a K é
olukturulurken daha sonraki ajérl ekl aim geri ya
AdémDéjrusal il i kKkinin -%z¢eml endi i b°1l ¢ m¢n -
hesapl anméxkt ér . Denklem (7)d0@d@dodoomglgal lkds €& mii
0Qo B 0 o ® 7

Denklemded Q plciBRE, dojrusal késém i-in girdi ka
nN°ron araseéndakw: aYjaénr | (éekk ivke)k tdPerjéenréi;ni temsi | e
-ékte dejeri i fade edi |l mi ktir.

I "Q0Qo 06Qo (8)

Denklemdej , dojrusal késém i-in -éektée dejerini i
Adem D®»jrusal ol mayan i li kkinin aktivasyon fo
hesapl anméxter.
0Q0 B U ® © (9)
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Burada; 0  Q phciB e , dojrusal ol maykaant mkae émdak i gig
kat mandaki n°ron ar aséynamk({ erijke)r| @ &] evreiknti° r ¢ @ @
Denklem (10)6da ise -ékte dejeri i fade edil mi k
I QiQo — (10)

Ademy%nt emin -éekteée dejmeriil e( hl)s apumaarme&lké édenkl e
0Q0 0 0QO6 0 QO ® (11)

Buradg;() ve 0 -éekte kat maneé il e gi zli kat man
vekt° wliesrei ryiajn (eki k) dejerini ifade etmekte ve
foorm¢, | ¢ze edi |l mektedir.

O QGQO 0'Qo (12)
¥nerilen ajén hatasé ise denklem (13)6de hes
O Owo d (13)
AdemAyéerl ekl ar ger i yayélém algoritmasée il e
gerejinee dojacalsiakl sonrasénda dojrusal ol mayan
Adéem ¢/ klt:é kat mané il e ara katman araséndaki a
ifade edi |l mi ktir.
Yo 6 ] MQoQo| Yo o p (14)

Burada;Y0 0:0. iterasyon i-in ara katmandaki |
m. ikl em elemanéna bajlayan bajl@ahtemeea lkijtesadeq
1, h at aQipropkiiviasygn fonksiyonunu;, momentum RKatGapyéséné v
ise0 p.nci iterasyondaki ajéerl ek dejikim miktarée
denkl emdeki gi bi hesapl anmaktader .

1 "Q 0 Qo0 (15)

G¢ncel ajérl ék dejeri ise (16) numaral & denk
6 6 0 o p Y o (16)

Denklemde' 0o, t . iterasyon iwvia pyéh)ierasjoer | ék de
aj éerl ekYodejiesrei nni.; i terasyon i-in dejikim miktar
Adém Ar.a2:kat man i | endgakridia jkeartintaknléarae&rmsg¢encel | en
denklem 1706deki gi bi hesapl anméxkt ér .

Yo o 1 Q0Q6 | Yo o p (7)
BuradaYy 0, t . iterasyon i-in girdi kat mandaki

i Kl em el e mamajnlaa rbtag n éany aan] ér | €] €°njdraekni med ekjaitksiany ensi
hata @WaQa@néakti vasyon fonksilyonmomme n(t¥znd ekka t Fsoanykess

Yo 0 pise0 p. nci iterasyondaki ajreéel ék pleeyjéd ki m m
ise 18 numaralé denklemde i fade edil mi ktir.

1 "QO'QoB 1 0 (18)
G¢ncellenen ajéerl ék dejerleri (16) numaral €
Adéem G¢.n3c:e | ekKi k dejerleri (19) numaral e denkl e

Yo o | YO o p (19)
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- Burada;Yo 6 p, 0 p. nci iterasyondaki exik dejJerini
Yo oh iterasyon i-in -ékté katmanéndaki m. i K
dejikim miktaréné ifade etmektedir G¢ncel e K
hesapl anmext ér .
o o p Yo o (20)
Denklemdeﬂ)Nc‘),t.iterasyon i -in -éektée katmanéndaki m.
yeni ajéerd dkpdejperiiniesrasyon i-in -ékté kat mane
eki k dejerini i fade et mektedir
AdemO@Bt i mal -%z¢men belirlennrkeajdardnemakkas
al ternatif olarak I|iterat¢rde LAD ve LMS dayan
ol an (1) ve (2) numar al é& denklemlerde ifade
karel erini en k¢ -s¢ikkl ednuerydi u rhnead eff ol nekyseiny oknlua i s e ( 2
i fade edi |l mi ktir
0YB ® ® (21)
BULGULAR
¥nerilen y°ntemden el de edilen bul gular hem
regresyon olarak tanéml amtaemlkanmiesléy a®el knrhéa kt é
seti i-in literat¢grde geliktirilen dijer refer
¥ncelikle veri setinde aykéeré dejer tespiti
17 paket programéncCO®OOKeludakedikd mrtead h mierk i dne jge,rcl¢
araseéendaki fark (DFFI'TS) , sil i nmik arteklar [
dejerlendirilerek yapélan analiz sonu-1Ilaréna g
belirl.enmicktir
¥ renme parametrelerinden momentum katsayes:
belirl enmicktir. 100 farkle ©°rneklem se-imine
kokturul muk olup nihai sonu-1ar & Bwnmarnlamet Malt
(R2019) programénda el de edil mi ktir.
Tablo 2.Far kl & hata fonksiyonlarénda ©°nerilen mode
°rneklem se-im kombinasyon numar asé@
Kombinasyon o
Numal’aS(Y nt em -H- -H- -H-
30729 -1.5907 14416 0.2076 0.2564 0.0997
LS&D& DO&YSA
11 0.9935
-H- o -H- -H-
-0.7991 -0.4041 0.2357 0.6360 -0.8485 -0.4011
LAD&D&DO&YSA
11 0.6792
-H- i -H- -H-
-0.8624 -0.4441 0.2276 0.9708 -0.8047 -0.3466
11 LMS&D&DO&YSA
0.5802

Tablo 26de farkleé LS, LAD ve LMS hata fonksi
ajéerl ek dejerleri verilmektedir.
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Tablo3.Far kl & hata fonksiyonlaréna sahip y°ntemle
istatistikler

Kriter LS&D&DO&YSA | LAD&D&DO&YSA | LMS&D&DO&YSA
En K¢ - 0.0901 0.0887 0.0877
En B¢ yO0.1144 0.1346 0.1292
RMSE
Ortalama | 0.1045 0.1108 0.1081
Medyan 0.1059 0.1346 0.1090
Tabl o 306te °rneklem se-imine-gar RMSEuymiles & :
en bg¢yék, en k¢- ¢k, ortalama ve medyan dejerle
dejeri en k¢-¢k RMSE dejerine g°re LMS&D&DO&YS
RMSE dejerine g°re ise LS&D&DO&YSA y°nteminden
Tablo4.Y° ntemlerin en k¢-¢k RMSE dejerlerine g°°re
Y°nt em RMSE
Kurnaz vd. (2018) 0.0991
Dojrusal | 0.1285
Karesel Model 0.1606
K¢bi k Mode 0.1747
LS&D&DO&YSA 0.0901
LAD&D&DO&Y SA 0.0887
LMS&D&DO&YSA 0.0877
Tablo4 i ncel endijinde °nerilen y°ntemlerin hem
karesel ve k¢gbik regresyon modell eri hem de Kur
il e karkélakteéereéelmasé g°r ¢l mekt edihesaplanaru bajl a
yontemden el de edilen sonu-Ilar dijer t¢gm y°nte
SONUZ¢
¢al ekmada, ger-ek yakam veriler:i ile -al éexkel
ya da dojrusal ol mayan i lyi°knktielnelreirne vaalrtleérjnéatd U1
aykerée dejer(ler)in etkilerini en aza indirge)
-%z¢mleyecek yeni bir hibrit aj gel i ktirilmikt
gel eneksel y ° jteenmlkd raes,i k°® raemai-| don&k si yonuna ve |
performans g°stermi Ktir.
Artéek anali zi sonucunda 27, 28 ve 34 numar al

Bu bajlamda ©°nerilen hibrit aj vapeldaj epdagk RI
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ama- fonksiyonunun en az hata ile tahminleme vy
aykére dejer(ler) varlejéenda bakaréel é sonu- g°©°:
hata fonksiyonunun idsaen kdlaahsai ki yai mas-o nfuo-n kvsei rydoinjuin
durum da | iterat¢re destekler niteliktedir. ¥n
hata ile tahminleme yapan °rnek kombinasyonun:t
-ekicidir

Sonu- odrairakkay@l em algoritmaseé il e ej i til
fonksiyonl aréneén gel eneksel vV e Kur naz vd. (2
gesterdiiji ger¢l mektedir. Kl erl eyen -al ékmal ar
algoriimak ul | anarak belirl enmesi il e daha az hata i
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¥zet

Modern bil gisayarlar ve yazeéeleéemlar, verilere
Kajéet kalemle yapél abilecek ol andan daha ger - e
ol anak verirmeklYeme dgd ntteml er i, anl aml el ek t e
aral ékl arénée ve standart hat al aréné hesapl ayar
daj él eéméena dayanan bir fikirdir. Bootjsétdrearp y©°n
ve en yaygén kull anélan y°ntemdir. Bir istatis
alan °rnekleme dajél éméenée temsil et mektedir. E
orijinal i statistiji mgakerémEepabikmadaj ené€gbe
grafi k ve sayésal ©°zetler kull anél maktadér . Bo
Anahtar kelimelery eni den °rnekl eme y°ntemleri, bootstra

°rnekl e mestriklein um Kk

Bootstrap Resampling Method

Abstract

Modern computers and software allow viewing data both graphically and numerically. It
allows for more realistic, accurate and informative analyzes than can be done with paper and
pencil. Resamplingnethods help measure uncertainty by calculating the performance of
significance tests, confidence intervals and standard errors. It is an idea based on sampling
distribution. The Bootstrap method is a title of the resampling method and is the most commonly
used method. The bootstrap distribution of a statistic represents a sampling distribution based on
many samples. Graphical and numerical summaries are used to determine whether the Bootstrap
distribution is based approximately on normal and originak$iegiand to have information about
its spread. The Bootstrap distribution applies to all statistics.

Keywords: resampling methods, bootstrap distribution, confidence Intervals, small sample,
location estimators
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1. YENKDEN ¥RNEKLEME YGKREMLERK

Yeniden® r nekl eme y°ntemleri, yazéléemlar Kkul |l andé
I

yeni den °rnekl emler alarak daha hézlée ve g¢gveni
tekrar ©°rneklemler alénmaséndan adleayée yalzled el
vasétaséyla daha hézl é& ve anlakél ér el de eder.
etmenin zor ol maséndan ve yeterli ©°rneklem al el
kull anékl édeér

Modern bilgisarwy,arvarilver egagredfeimi el ve sayeé
sajl amaktadeéer . Kaj et kaleml e yapélabilecek ol
analizler yapél maséna ol anak verir. En yaygén
bootstrap,pr m¢t asyon testi, jackknife ve -apraz doj |
y°ntemleri, anlaml él ek testlerinin erformanseé

P
hat al aréné hesapl ayarak belliernei zdaijjéil é€°mé-nme ydea yy
fikirdir ve °rnekleme dajeéel émée taklit etmekted

Nor mal dajéeléem varsayéemé veya be¢gye¢k °rnekl er
daha az varsayém gerektirdifji g°r ¢l ¢vre. yPirkasteikk t
dojruluk vermektedir. Her istatistik i-in yeni
sonu-lar verir. Teorik olarak yapélan ikl erin
uygul anmaséna ve dokalyéggehhlheageétkel mmesei da hal

Kitle ki tepel i veya -arpék ol duju varsay:
teoremi il e normal dajél maktadér. Rastgele yete
kitleyi temmsiyli neede-caerjpiéki -ol abi |l mektedir. Fakat
tekrar il e yeniden °rnekl eme prosede¢re¢ i kKl endi’
mer kezi -ekildifJi °rnekl emin merkezinde yer a |
°rneklem prosed¢gre¢e i Klenerek yeniden °rnekl eme
fazla yeniden ©°rnekl eme dajéléemlarénén kekl i v

2. BOOTSTRAP DAJI LI MI

Bootstrap prosed¢r ¢, bi r- ekrenreekki egnele ne kblierkt -
yakl akémdéer. (Hesterberg vd., 2003: 4)
1.Orijinal °rneklemden, yerine koyarak °rnekl

°rneklem al énér .
2.Her yeniden °rneklem i-in istenilen istati:

3.Bootstreaép dasjtaltamtijin °rnekl eme dajél émeéi
hakkénda bilgi verir.

Bir i statistijin bootstrap dajéelemé pek -o0Kk
t emsi | eder. Bootstrap dajaélyéarkd akiést avtei Ltrinjeiknd e
il e yakl akek ol arak ayneée dajéleme ve «kKekl: al €
orijinal istatistiji merkez alép al madéejéneée be
grafi kalve® matylesr kull aneéel ér .

Bootstrap dajél éeménén standart hat asé ayne
i statisti kteki dej i ki mi orijinal verilere daya
daj él éme, orijirmaderwvevieyariorde] nml verilere
Bootstrap dajél émé bilginin arttéreéel maseé i -in,
¥rneklemin boyunun b¢yé¢k ol masé her zaman daha
alarakyerien °rnekl eme sayésénén arttéreédikesisé il e ¢
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taraféendafedrEive G/ahmin edil mesini ©°nerilir. Bo
i -1 n g efrom vel Tibghirami, 1993).

21 ¥rneklemev®aBebemérap Daj el é mé

G¢égven aral ekl ar e, hi pot ez testl eri vV e st anc
dajéel eména dayanér. Pratikte, °rnekl eme dajél e
hesaplanmasée gerenkigm ©Oekatit dbou. pBknwmn yerine Kki
ol aséel ék yasalare (merkezi l'imt teoremi), b a
verir. Fakat kitle dajéelémé i-in -o0oJju durumda r
°rneklem yeterli ol mayabilir. Bu durumda ol as
bir-ok °rneklem se-mektense, orijinal °rnekl em
uygundur . Kitleden alénan dotrsttrmrappkdamélké mé eolg
i -in ondan bir-ok °rneklem alénér. Artéek °rnek
¢oju durumda bootstrap dajél émé, «kekil ve yayeé
parametyerdeeeoririjinal istatistik dejerinde ko
2.2 Standart Hata

Bootstrap dajeéel émé, ortal amanén déekéndaki [
kull anél maktadeér. ¥rnekleme dajél é&mé nor mal da
konuml anméksa, 6td g¢ven araléejene hesaplamak |
nedenle °rnekleme dajéel éeéméneén kekli, yayel émé \
kullanél abilir.

Bootstrap dajélemépénast @&ndekl emanasét al amas
bilgi verir. Bootstrap dajél éménén standart sa
daha net bilgi elde edilebilir. Bootstrap uygulayarak, bu standart sagfna, € n  °r ne k| e me
dajeéehem standart sapmasénén tahmini i -in kulla

23 Yanl él ék

¥rnekl eme dajéeléemé i-in yanlélék tahmini
bias(=E(—-— 1)
Kekl inde gesterilir. Bootstrap y°nt e mi son

s AL A s

i stati steatjtiinf it apphammianmet re dejerinde konuml anmad:
(Efron ve Tibshirani, 1993).

Yanl|l él €] én Bootstrap Tahmini

biast=)=E(—) - — (2)

Keklinde YghbEkE] ENhTr .az ol masé, | bédathetkrl &pni d a
istatistijinde konumlandéjéné g°sterir.
24 Bootstrap Y°ntemi ve Dijer Konum Kestiricile

¥zelli kle kitle dajeéléemé -arpék olduju duru
veya medyan tercih edil ebnlilbOB&EOEOmMEK i orsted li a
berakel ar a%l-2gielrei y-ea | kéakl éarn.

Bootstrap budanmék ortalama, ortalamayé boot
medyanda °rneklem sayésée tek olan °rneklemlerd
-ift olan °rnekl emlerde i se nairlaidra. kBau adnu ri uknmd ad ebj
ortal amanén belirlenen aralék i-inde kalan dej
Budanmék ortal amaneén bootstrap daj el eme, orta
bootstrap dajél éwme&ndammallach ad afza -ywalp&k sonu-1ar
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°rneklemlerinin elde edildif]i orijinal °rnekl
medyan ivyi s on(desterbevdn2008.kt edi r

Bootstrap iKki grup kjau kekbaktkér nkaistél,e nii kni dlei t
varsayél dejénda, her kitleden ayrée °rnekl emler
°rnekl emler ol ukturulurken, her S rneklem birbi
i -inde °yaieikdemmel i di r . ¥rnejin, i K farkl e ki
varsayeél sén Bu durumda belirlenen tekrar say
°rnekl emden el de edilir ve séraleéetaakifdekfark
bootstrap dajéel émé ol ukturul ur.

25 Bootstrap Y°%°nt e mi Ke¢-¢k ¥rneklem

K¢-¢k °rneklemler i-in dejikkenlik ve -arpék
kul laneéel abilir. Ke-¢k °rnekiddem Ruhk&héemékbkbkhali
durumunda daha az ekstra dejikim g°r¢l ¢ér. Bu
getirilerek azalteéelabilir. Bootstrap y°nt e mi
°rnekl emlerin zalmezl ej énén ¢(stesinden ge

Kitle dajélémé nor mal ol duju varsayéel déjénd
teoreminden dolayé normal dajél é&ma uyacakteér.
normal den wuzak, tekd¢ze, - areprédke nv eyyean i2d etne pPerlnie |
-ekildijinde yeniden ©°rnekleme dajél émlarénén
taklit ettiji g°r¢l mektedir.

26 Dijer Bootstrap Y°ntemler

Yeter|l i ver. i ol mama durumunda yanl eEteéehkhgve -
y°nteml er i kull anél abilir. Dajéelem saja -arpe
ol madej é duruml ar da parametre t ahmin edi | i
varsayeél amamaktadeéer .

Y¢zdel i k bootstrap y°ntuémmaidma émeistl eor iyekd el e
gideril mesi amacéyla gelixktirilmicktir (Efron
d¢zel t me faktor g ekl eyerek bootstrap parametr
-arpéekl ejéené Gypelat iamd( Xhrog, 21046, . BCa ve til
farklé ol sa da, yeniden °rnekl eme sayésé 500006
haricindeki sonu-1lar yaklakéek ol ar(bdstebrergandar t
vd., 2003)

27 Bootstrap G¢gven Aral ékl ar é

G¢ven araleéeklaré bir istatistijin °rnekl eme
aral éklaré olukturmak i-in kitle ile 11gildi ko
°©zel hitl giaye yiokt ur .

Bootstrap g¢ven aral éklareé il gilenilen her i
dejiktirilmeden kull anél er. Bootstrap daj el & me
k¢-¢k yanl el éj°’ay |l adhijp dludwjmdrau booot strap geé¢ven
vd., 2019) . Kitle aritmetik ortalamasé i-in gg¢

ofv tziTmE 3)

KeklindeHgPlamgi | bt r parametre i-in g¢égven e

standart hatasénén hesagpll&reéesk neekyl®ir edd]ligk meezn.i |
gel en parametrel-Udvizryy aldleagglk eml amrakk éj é:

—u YO | (4)
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kKeklinde g°ost-8difreyl mBaabadal i k derecel i daj
edilen 6to6 dejeridir.

Bir istatistijin bootstrap dajéel éménén 2,5.
gelenparametre i-in %956 | ik bootstrap g¢ven aral
ve dajél ém normale yakeénsa, bootstrap t géven
birbirine yakén sonu-I|lar vermektedir (Jung vd.

SONU¢LAR VE DEJERLENDKRME

Bir istatistije bootstrap uygulamak i -1in, k
verileri dejiktirmeden veya orijinal verileri
edi |l ir Her yerindéermrn®rnmselltemderk ihetsapl aneéer. El
bootstrap dajél émé incelenir. Bootstrap dajelé
yayél ém ve konum a-éséndan °rneklem daj e&ll@men
parametreyi, bootstrap daj el emeé i se orijinal
daj él eménén standart hat asé, bootstrap daj él er
budanmék ortalama ve°mediflaeamgi haj elsémé i se¢i Et an
edil ebilir K¢ - ¢k °rnekl eml erden el de edil en
ol abilir. ¥rnek|em sayésé artteéereéelarak daha
°rneklyenmd ezamanda medyan ve -eyreklikler gibi
¥rneklem dajél émé -arpék, deji kkenlifjJi fazl a v
bootstrap t gésven aral ekl ar@amda] stasdamnut | o 0t
y°nteml eri yerine tilting ve BCa y°ntemleri gi
y°ntemler kullanél mal eder .
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Tahmin ve °ng°r¢loer gel ecej e y°nelgigckh]) ¢kl anl

yakamémézda °nemli rol oynamaktader. Tek deji Kk
kull anél an ¢stel d¢ezlektirme yonteml eri i K d¢n
| st el d¢zlektirme y°ntenmdreirlii rbatsa it mionlnears éwnerne ry
i stel d¢gzlektirme y°ntemlerinde bakl angé- dej el
b¢e¢yek bir °nem takemaktadeéer . Yék tahmini el ek
ge- mi K Ve g ¢rné,mmy z n ckeolkeurl d rae k gel ecek hakkeénda
tahminlerdir. Y ¢ k tahmini cretim, iletim ve
azaltéel masénén belirlenmesinde kull aneéel ér. Bu
Merzifontrafomere zi ne ait késa d°nem y¢gk veri si i -in ¢
tahminl er yapél mécxk vV e t ahmin sonu-1ar é hat a
karkel akt ér él méxkt ér . i stel d¢zl ekt ir me y°nt e
paranet r el eri geneti k algoritma yardéemé il e belir
Anahtar Kelimeler: Zaman Serileri, Késa D°nem Y¢k Tahmini

Genetik Algoritma.

Comparative Analysis of Amasya Province Electric Load Data With Exponential
Smoothing Methals

Abstract

Estimates and forecasts are important for future plans and goals and play an important role in
our daily life. Exponential smoothing methods, which are widely used in univariate time series
analysis, are widely used in business and induStqgonential smoothing methods are simple as
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well as they give reliable estimates. Determination of initial values and smoothing parameters is
an important issue in appliying exponential smoothing methods. Load forecasting is an important
component for elddcal energy systems; it provides information about the future by examining
past and present conditions. Load forecasting is used to determine whether to increase or decrease
generation, transmission, and distribution capacities. In this study, estisnatwya made by

using exponential smoothing methods for real life data such astshorioad data. The data

were obtained from the Merzifon transformer center in Amasya. The results obtained from the
methods mentioned in this paper were compared accalithg square root of the mean square

error used as performance measure. In exponential smoothing methods, initial values and
smoothing parameters were determined by using genetic algorithm.

Keywords: Time Series, Short Term Load Forecast, ExponentialoBmgy Methods, Genetic
Algorithm.

1. GKRKKk

Enerji sisteml er.i czerinde planlama yapmak ene
bir Kekilde karkéel amayé ama-1ar. El ektri k y¢k
bel irl emekulalmarcélyd ra. Ge-mi K Vve g¢é¢neégmgz kokul |
sonucunda y¢k tahmini hakkénda, gelecekte ne o
hat a, g¢- Si st emi pl anl amal arénda sékeéntel ar a
mi ni mum israfé ile optimum y¢k akékéné ve mal
Kstatistiksel y°ntemler y¢k tahmininde kol ay

y°ntemlerdir.

Zaman seri si veril eri ndneiknl edrei] iakyinn& earnid ad i sk¢kraet kel
st el déezlektirme yontemleri il k ol arak Br own
varyasyonu ile bu y°ntemler; Brown tarafeéendan

Hol t & un 195i716id e¢ Ltneelr dd J21 ekt i r me y°ntemi, Wi n
Wi nters ¢stel d¢zlexktirme y°ntemidir. Son yeéell
birlikte kullanémé ile y¢k tahmini i -in daha i
Genetik Algoritma (GA , Geneti k ve Doj al Seleksiyon il kel
optimizasyon teknijidir. ¢c°z¢l mesi gé - ol an z
-%z¢é¢mloer bul mak i-in séekleéekla kullaneéel ér. Doj
kukaklkaarn@lnaryganén devam et mesini ama-1|lar ken, k°
dayaner ve iyl -ozemlerin k¢gmel eri ni ol uktur ul
dejerl endiril mekte Ve b¢t ¢ensel - %2z ¢ me ul
(https://tr.wikipedia.org/wiki/Genetik_algorita

2. Y¥NTEM

Zaman seri si verilerini tahmin etmek amaceéeyl a
sonl arénda °nerilen biirjite&knaktbhasi Bak&kmaelbetl it
g°zl eml ere ayné derecede ajérlek verirken, ¢ St
en eskiye g°zlemler i-in) katlanarak azal an afj e
di kkat e eanmh énnea nk agd®azrl es ki yse, 0 g°zl eme daha az
al akal & ol arak kabul edilir ve daha -ok ajeérl é
ve sadece bir mevsi mivehtdasr @H@x phuweé mddal ewpit y
tahminler elde edil mektedir. Taylor (2003)6de
amacéeyla HW ¢st el d¢zlektirme y°ont emi denk!l e ml
denkl em ekl eyerek ¢ift Méwsiemsel | ol it kWi-al €K s$na
Akaj éedaki denkl emler HW y°nteminde tahminler

ortalama d¢zeyin de¢gzlektirmesi i -in kull anél an
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i -in d¢zlektirmen dBe mkelvesmimsie |l v eh adeerkkelte i | e bak
d¢zl ektirme denkl emini gestermektedir. m d°P°nem
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a G pae@Q pha G pae@ pformegll eri ile hesapl
Buradaw, orijinal veri,0 birinci mevsimsel uzunluk) ikinci mevsimsel uzunluK)Y serinin
ortalama-idgzeéyzlnekti@binrei dein krheewvsi,msel | i k i -in d
x i kinci mevsimsellik iffilndgdelzéekii mene paeaiiet
gostermektedir. Yukar éda t ané nmV,sserinimotahrean k | e ml er
ine ait obaklreamgle dsdéjeartiir me denkl emi i -ir
sayesé kadar mevsi msel déezl ektirme 0 -
ri model performameseée Jdzerirmade rdree mlui ba«l
erilen farklé yakl akémlar bulunmaktadeér
n seri si veri sine dojrusal regresyon an
l emi ndeki sabih degri emktiormal demakdemeyi -i n
ayése, trend bil ekeni d¢zl ektirme denkl emi
mevsi msel hareket i -in baklangée- dejerl eri
hesaplama kt ad ér . Bakl angé- dejerl erinin bul unmasé
-al éxkxmada bakl angé- dejerleri ve d¢zlektirme p
Denklem 106a g°re hesaplanan Hata KaiGAl er Ort
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y i
yo
rl

d
e
°n

QD ' DD
-H:B—-'—)ﬁN
W x99 >0~ O

d
p
d
[

z
d
k
[

=~

+/ + RN (10)

mer kezinden al énan y¢k ve
sonu-1larén HKOKo6se karkel
ait zaman seri si grafijin gostermektedl . Gr a
veride i ki farkl e mevsi msedi rharBeuk eddridmda n¢ MHW
i-in veriye ait mevsimsellik periyodlar; birin
uzunluk 168 (haftalék)oédir. HW ¢stel d¢zlexktir

¢ MHW: A ol ar ak tanemladéej eméz °neril
s
K
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analizler yapeél neéerkklééer . ejUytgiurth awmada e 8t f k¢ mesi [
Performans °1| -¢s¢ olarak en k¢-¢k HKOKGO6 yée ver

kekiZlama.n serisi grafifiji

so Elektrik Yiuk Verileri

l Gergcek Degerler

as |-

40

—_ 35

_

=

= 30

=

= >s

20

15 |

10O 1é8 3:‘%6 564 6"72 84‘1-0 10‘08 1 1‘76 13‘44

Zaman(Saat)

3.BULGULAR

Bir haftal ék test k¢mesinden®° hesesmpeéanan itfk
karkél akt ér él mé k, ejitim ve test k¢mesine ait

Tablol.Ef i tim k¢gmesine ait en iyl HKOK dejerl eri

MODEL HKOK

¢ MHWGA 1.7056

¢ MHW 1.824

HW 2.01
Tablo2.Test k¢mesine ait en iyl HKOK dejerl eri

MODEL HKOK

¢ MHWGA 2.0743

¢ MHW 2.7622

HW 3.89
Tablo 1 incelendijinde test Kk¢mesi bir hafta o
°nerilen y°nGémi bleabut¢t MHWukt ur. Tabl o 26de t esHi
dejeri y®me reimeemi ttir. Ger-ek dejerler ile tahm
kekil 36 te g°sterilmektedir.

kekiEljiz.im k¢g¢mesine ait tahminlerin g
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Egitim Kiimesi

Gercek Degerler
Tahmin Degerleri

o 168 336 504 672 840 1008 1176
Zaman(Saat)

kekiTles3. k¢gmesine ait tahminlerin gra

Test Kiimesi

40 ‘ Gercek Degerler
Tahmin Degerleri

35
= 30
=
=
=
= 25

20

15 L

o 168

Zaman(Saat)
Kk i haftal ék hteessaatpl &kgane s iHKOKn sonu-1 ar é t ¢
karkeél akt ér &l mé Kk, ejitim ve test k¢gmesine ait

Tablo3.Ef i t i m k¢gmesine ait en iyl HKOK dejerl eri

MODEL HKOK
¢ MHW5A 1.8186
¢ MHW 1.982
HW 2.28

Tablo4.Testk ¢ mesi ne ait en iyi HKOK dejerl eri

MODEL HKOK

¢ MHWGA 1.9835

¢ MHW 3.514

HW 6.25
Tabl o 3 incelendijinde test Kk¢mesi i ki hafta o
°nerilen y°nGémi bleabut¢t MHWUKt ur . TarhyiHKOK 6t e t es
dejeri °nerilen y°nteme aittir. Ger-ek dejerle
kekil 56 te g°sterilmektedir.

kekiElji4.im k¢g¢mesine ait tahminlerin g
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Egitim Kiimesi
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-  hatfd satl ékk¢ me si in HKOK sonu-1ar é
ve test Kk¢mesi ait sonu-1ar
Tablo5.Ej i kg mesine ait en iyi HKOK dejer|l
MODEL HKOK
¢ MHWGA 1.7894
¢ MHW 1.9805
HW 3.33
Tablo6. Test k¢gmesine ait en i HKOK dej
MODEL HKOK
¢ MHW5A 2.7784
¢ MHW 5.256
HW 8.58
Tabl o incelendijinde test k¢mesi haft a
°neril yenGéami bleabut¢ MAWU Kt ur . yilesebiyi HKOK 6 d a
dejeri nerilen y°nteme aittir. Ger-ek
keki de g°steril mektedir.



- .y
(s 12. UBAK, 17 / 18 ARALIK 2021, Online, A ose

kekiEljig.im k¢g¢mesine ait tahminlerin g

Egitim Kiimesi
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4. SONUC

Bu -al éeékmada HW, ¢ MHW ve 9rAer¢isiteenl ydo¢nztleenk t ¢
y°nteml eri kul |l anél arak y¢k veri si i -in tahmin
sonu-1 ar karkeéel-@Gkt édahméektdéer .edéiMHW silennu- 1 ar [
y°ntemin dijer ¢stel d¢zl ektirme y°ntemlerinde
bakl angé- dejerlerinin ©°nemi bir kez daha vul
a-eéeséndan baklange- dejerl ey?nt amlbad iumima s ot h e
°neril ebilir.
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ZnO/Fe>03 ve Bentonit/ZnO/Fe:zOzsNanokompozi t | er i Iz e
Rodamin Bonin Fotobozunmaseé

Tuncay ¥DEKa KELEXk &Sy ANEROkt ay BZDEMKRCAJLAR
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Erzincan Binal.i Yél déregnk § ek vleulsu t edd |, kij yegtml Ko rMem:
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eda.guner@erzincan.edu.tr

¥zet

Bu -al éxmafkanandk@/mpeozi tl erinin gerénegr € K€
performanséneé artterma;lO3n|anlorpatrerlatcoerklltaryemzedyelknoer
Bentont/ZnO/FeOsnanokompozi t i h a z e rO:aven Beatonit/2d@/zEB r | anan .
nanokompozitleri toz ¥ K € n é kérenémé (XRD), Fouri er d°ng¢ k
(FTIR), taramal &€ elnekt i ondéaamEEREBDK)CandKlieriyle e
karakterize edil di Fotokataliz 1 kleminde en
bakl angé- boya konsantrasyonu ve s¢re gibi par
et ki si araktéréldeéeendd®@ regm¢suy @l h'dpaxtwlda@s & balga
konsantrasyonu ve 50 mglk at al i z°r mi ktaré olarak belirlen
fotokatalitk bozunma verimleri 90 dakika sonunda ZnQ@Ikeve Bentonit/ZnO/Fs
nanokompozitl erivei -%1n0 Os éorlaasreaykl ae |%7e9 ,eddi | di . B o 2
birinci dereceden kineti kl20s veu Bantorit/dinO/Feds d uj u g°
nanokompozitlerin fotokatalitik bozunmaséndan
radikal temizlemee ney | er i yapeéeldée ve ol asé bir mekani z m

Anahtar Kelimeler: Bentonit, ZnO, Fg)s, Fotobozunma, Mekanizma

Photodegradation of Rhodamine B on ZnO/FgD3 and Bentonite/ZnO/FeOs
Nanocomposites

Abstract

In this study, Bentonite/ZnO/E®3: nanocomposite was prepared by decorating ZnO#-e
nanoparticles on the bentonite surface to improve the photocatalytic performance of:2a0/Fe
nanocomposites under visible light irradiation. Prepared ZnO#Rend Bentonite/ZnO/E©3
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nanocomposites wereharacterized by powder-pay diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), scanning electron microscope and energy disperaiwvéSEM

EDX) analysis. In order to determine optimal conditions in the photocatalysis process, the effec
of parameters such as catalyst amount, initial dye concentration and time on the photodegradation
of RhB was investigated. Optimal conditions were determined as 5 ngnitial dye
concentration and 50 mgficatalyst amount under visible irradiation.dém these conditions, the
photocatalytic degradation efficiencies of RhB over Zn@lkeand Bentonite/ZnO/E©3
nanocomposites were obtained as 79.4% and 100%, respectively, at 90 minutes. The degradation
kinetics were found to be compatible with psedidst-order kinetics. In order to determine the
contribution of reactive species responsible for the photocatalytic degradation of Z(Re
Bentonite/ZnO/F€s: nanocomposites, radical scavenging experiments were performed and a
possible mechanism wasoposed.

Keywords: Bentonite, ZnO, FE©s, Photodegradation, Mechanism

GKRKKk

End¢gstrilerin héezlé geli ki mi ile su kirliliij
d°n¢kmektedir. Bir-ok t¢grde endegstrdrnyetli mit,é kst
tekstil, kajeéet, der i, kozmeti k, pl asti k, i mal a
ve bitkiler i-in ciddi bir tehdit ol ukturmakt ac
biyolojik olarak pama+alvemramaz Swenu-ewrleayeakza at
kesinlikle areéetél masé gerekmektedir (Zhang vd.
Adsorpsiyon, ki myasal péht el axkaaitk bomemah) r an ayé
biyolojik bozuncal mekbanpebbopasmbrepeoses!| er i g
arétmak i-in bir-ok teknik geliktirilmiktir (Bi
2017115; Zhang vd., 2020:144217).

Fotokataliz tekniji, b oz un mauy aamamlakabilir.| et i ci |
Fotokatali z, kataliz°r olarak yareée iletken mal z
Yaré iletkenler ve substratlar bir éekén kayna
i -eren bir redoke gpossedye  ,dkonomuk -gakl akéem,

bozunabilir formlara d°n¢gkteéer el mesini sajl ar (
Yaré il etken tabanlée bir fotokatalitik i1kl emi
ékék ge-ikian,fpthjeneegsgéhanu (el ektron ve b
yé¢k takéyécelarénén ayrél masée ve transferi, ve
reaksiyonl arénén ger -ekl exktiril mesi serbestk| i nde

fotojenere elektronlarén -°z¢¢nm¢gk oksijen tar
tegrlerinin, °czelli klk)e weg pfeotokjsenemreadediall miek | mo
mol ek¢l Il erinin veya hi dr dugles hidroksia nadikalleri (DHé nén ok
ol ukKkumuna Karmmi-Shamsakadiive Negamzaegjmieh, 2016:108 . Katali z®°r ¢l
yézeyinde hidrojen peroksit de olukabilir. N i
-iftlerinin ve yukai@adarhbhamsdadibludnunaadikkiarlllet i
sal déerélaréné i-erir ve onl arHO dehadilfj e-r¢ ki npa rg-
terl ere dongker. Yukaréda bahsedilen tg¢grlerion
ayréntal gmaneakra | i terat ¢rde rastl anmaktadér ( Z
Nezamzadel j hi e h, 2020:137587) Fotojenere edil mik
(rekombinasyon) bakl adéj énda, yukaredael bahsedi
fotobozunma s¢greci b¢yek ©°1 -¢de azal éer. Bu, en
gelinmelidir Genel ol ar ak, enerji tasarrufu |
Yukaréeda tartékél an r ek ombiiknia syyaorné islderaékdeianm itné a(zhae
yapélaré) birlextirilmesi, bunlarén killer, ze
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destekl er czerine destekl enmesi WNatbonilvd.,- exki t | i
2019:27; Babaahamdllilani ve Nezamzadekgjhieh, 2016:291).

Cexki tli met al oksit yar é il etkenl eri arasen
fotokataliz®°rlerden biridir. ZnO6in bant aral é
karkeéel akt ér el ayl tithnyum diak&ite (Ti@) iuyigun dir altemnatid atanak kabul

edi |l ir, ancak bazen fotojenere elektronlar ve
ékékla ékemaya karke zayef tepkisi ve fotokoro
verim d¢g¢kmektedir (Shooshtari vV e Ghazi , 2017 :
czelliklerini geli ktirmek i-in soymetallerin ¢
yar é il etken fotokatali z°rleenr i nwarbaarjllaannémanséék t § i
y°ntemlerle karkeéel akteéréldejenda, yar0s; il etken
CwO, CdS ve WRgi bi dijer dar bant aralekle yare il
g°rmektedir (Wangd,\2014:11492 013 : 8326 ; Zou v

O, -, bvle-F@Osdahi | ol mak ¢ z®@)r,e dermibi rokiR2ew (areal é]
sahiptir. FeOs, TIO2ve ZnO gi bi geni kK bant araleéekl & yaré
i -1 n g°ré¢negr éexkéemlezma odlarakd & ud W yaarell @albaktedm ol a

ve Ghazi, 2017:527). B@sb i | eki k| eFels, aZza®enda Birl ekme i -in
Ayréeca, dijer -alékmalarda bildirildiji gibi,
sahippi r fotokat ale@ePdeoednl b0l Ur (Yin vd., 2014
il etken fotokataliz®°rl er, yé¢k ayreéeméné arteéerar
hapsetme etkil eri nedenieylixtopirk Benb@hkzakbéel]l
ol ar ak kull anél an sentetik y°nteml er kar mackeék
-%z¢ce¢l ere ve katkée maddel erine i htiya- duyar
kontroll ¢ sentrmanot a@lneomp,arnakgt dlrakal ar , nanot
kayéexkl ar gi bi farkl e Kekill endiril mik mal z e me
aktivitelere yol a-abilecejinden, artan bir il
Bentoni't doj al hat admnldé r siviei kgaetni IKi Ispmisi f i k

adsorpsiyon yeteneji ve katmanl ar arasé dej ikt
2021:101194) . Terci h edilen bir platform ol ar
verimli bir kompoz t fotokatali z®°r -FeGiukteurbmald exkzbdbi éi Zn QI
2016:1019).

Nanomal zemel er ve nanokompozitler arték genit
mal zemel ere g°re pahal édérl ar anca-kal-éokkmacha&ma |
amacé, nanoboyutlu -inko oksit ve nanoboyutl u
bir yézey geliktirmek ve bu nanokompoziti sul
uzakl akt éréel maséenda k at adumparametreteti lzelirlemektik ul | a n ma k

Bu - al &k meldve Bentdnit/ZnO/Fs: nanokompozittehazér | andé ve el de
numuneler XRD, FTIR ve SEM/EDX teknikleri ile karakterize edildi. Bentonit/ZngEm
fotok at al i ti k perfor maanRBEB' ngi°nr ;oni¢dre réiklénke sdal tié-nidn
Kartl arAa | 2n @/éFyeas| and é. Fotokatalitik reaksiyo

MATERYAL VE METOT
ZnO/Fe203 ve Bentonit/ZnO/Fe:0Os nanokompozitlerin sentezi:

30 mL trietilenglikioli idajrétséindle 2e g¢ demit meni @
Fe (I'l'l) asetilasetonat ve 0.002 mol (0.527 gqgr
balon i-erisinde 20 dakika kareéexkteéereéel d®. Daha
ded5diikaNcgazé ge-iril f8ide 4Ay ddankdiakna 1dBabh aC és ét €l may
sonra290€d e 5 daki ka daha tutuldu. Eldédedilgesann num
bekletildi. ¢co kel ti daha sonryaé k3ah@® .r Nm'hdae sar
gece 100 AC'de kurutuldu. Son ol arak ¢r ¢én, 450
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ZnO/FeOsyu k ar édak i prosmedegne akink Kleavédediskent ezl en
Karakterizasyon:
Numunel erin FTIR-%pgh¢r igoR amebeddgOedsm nde Ther mo N

6700 spektrofotometre ile °Il-¢l mgktegr. Numunel
di fraktometre ¢zerniadgadyomhuhdagrikbulehnhanar &£k K( &=
40 mA) al amumekteeai n SEM /[ EDX analizl eri al ar

mikroskobu (Quanta FEG490E I ) kul | anél arak yapél méxkter.
Fotokatalitik Aktivite Testleri:

ZnO/FeOsve Bentonit/ZnO/F:nanokompozitl erin fotokatald
ékémasadal model boya maddesi ol arak RhB' ni
ZnO/FeOs ve Bentonit/ZnO/F€: nanokompozitl erin varl é] énda R
bakl angé- boya kldanlSmgia malsgjodqmuddp wg Lka®05al i z°r r
gL*aral éj énda) ar akt é&QdsélBantonit/ZmDéaananelompoztlerin Zn O/ F e

ik
f

S5 —~+

¢czerinde RhB'nin fotokatalitik 'thazxlmmagse ib-oiym
konsantrasyonu, 005 gL f ot okatali z©°r mi kt ar €é20so0Mear ak b €
Bentonit/ZnO/FeOs nanokompozitlerin nanopar-aceéekl ar é&
dengel emesinden sonra zamanén bir fonksiyonu o
Il kénl amadan &kgll erbioryian nfiodt okatali z?©°r vyéeézeyl el
dengesinin sajl anmaseé i -1in Rh B boyarmaddel er
karéektérél méekter. RhB boyar maddesilerinin back

adsorpsiyon/desr psi yon dengesinden késa bir s¢re sonra

kullanél arak -°zeltiden ayreéldeée. Belirlenen bi
aléendé ve fotokatali z®°r¢ uzak!| arkéglédéanawke i--° zne |1t0il
i -in 554nm" de absorbansé °1 - ¢ilViesspekkofotoreesresip | a nan
kull anél arak boyar maddelerin éeéxkékla bozunma e
% Bozunma Verimi=——ap T Tt
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ARAKTI RMA BULGULARI VE TARTI kMA

Benwnit/ZnO/Fe20s
ZnO/Fer 0
Bentonit

Siddet (a.u.)

T T T T T T T T
o 10 20 30 40 50 80 70 80
20 (Derece)

k e k iSaf behtonit, ZnO/E©sve Bentonit/ZnO/F€snanokompozi tl erinin XRD

Saf bentonitin XRD spektrumunda old@n. 0 4 , 20. 31, 36.89, and 61.81
(0201100) , (13071rI0&T) € mdnadn ( k0abyam@/HéOearnemmeeEsinina d € r .
XRD spektrumund@ 5. 2, 29. 8, 34.0, 36.2, 42. 4, 52.02,

FeOsb ¢ n - exki t | kristal d ¢ zDs@andkempazitteede buipikleri v ve |
g° z | e n nighang wld2020:144217).

1157 —— Zn0/Fex03

\ —— Bentonit/Zn0O/Fe:03
1104

% Gecirgenlik

@
«
[
-

4000 3500 3000 2500 2000 1500 1000 s00
Dalga Sayisi cm™

k e k iZhO/F20s ve Bentonit/ZnO/F€snanokompozi tl erinin FTIR s
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ZnO/Fe0x0 ¢ n | R spekt™dmknOmdriBngshecaitiken541cla de ki geni K

I R bandé iOshem deeR® gérimelerine aittir.Bu pik bentonit/ZnO/F€s
nanokompozitinde 527cti de g°z |l enmi'kd é ki. y a3ydweabn cpm kK i se y .
hidroksilleri ve neme atanabilir (Harijan vd., 2021). Bentonit/Zn@keranokompozitin IR

spektrumunda 1057 chmve 471 cmo d e k i pisklras éyi|gxSi ki $IO n  Si
geril melerinden kaynakl anmaktader.

k e k iZhO/F&0s ve Bentonit/ZnO/F€s nanokompozitldr ni n  SEM g°r ¢nt ¢l er i

ZnO/FeOs ve Bentonit/ZnO/F€s nanokompozitlerinin SEMED X g°r ¢nt ¢l er i k ek
veri |l mi Btaibda ml@hleear -acék «keklinde gOrg¢l ¢r ket
nanokompozitlerinin bentonit y¢zeyine agrega o

ol fi . Si K
un g Bt Weigt % Aok Nt Er, il e w
104 oK un o we Wu e =
168K .
il W am o snow
N L
e 85 un e e 32 KO8 Al
‘ll.ou K ® o owm e
0 . |
81| 0 Kal
230K
sl |
fla LB4K;
i
la ko 138K
2 Ca Al
fokpi 002K Sitk -
13 ) i Il Caka Fo Ka
i LELLI ¢ Inkx
o . " . - o . - - - ¥ oL Fekpl nKpL
00 1 2 Q 5 ] m 9 wooow 0.00K! _ - A

00 14 28 42 56 i’ 64 98 )i ¥ 126

k e k iZhO/F0s ve Bentonit/ZnO/F€snanokompozitlerinin EDX d

kekil 4 0 t gibi ZgO/Fe@s Inungriesinin EDX analizinde Zn, O ve Fe elementlerine
rastl anér ken 0 iimundsioim EDX/ ahalizinbeF A, Si, Ca, Zn, Fe ve O
el ementlerinin olduju tespit edilmiktir. AI , S
iken Zn, Fe ve O elementleride ZnOBen anoy ap él ar énén varl éjéné i sy

Hazérl anan B@ manokonpozitirdnkaalitik ektivite testlerinde ilk olarak

bakl angé- boya konsantrasyonunun bRHB'rdiemewkz akli:
50 mg katalizor5mghi'odaphe dda mpRaBOhiank|l & konsant
varl ejénda bir dizi bozunma deneyi vyapeéeldeée (ke
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100 100 ——
—&—3mgl-1 —8—-10.0mgL-1 ,‘____,__-f“
= o 5 //.)
80 @ 10mgL-1 e A 50 —@—25mgl-1 /!/
. Pl —@—50mgl-1 ’
—8—15mgl-1 o /./ 9
E 60 o & E 60 /“
E - EL -
& @ @ e & I'd o P—
s s & M
= * T e y - /'/ e =il
# o # ‘ o o
20 v 20 P o
P v e /_9,,29"
0 2 o _,8".
0 10 20 30 40 50 60 70 80 20 10 20 30 40 50 50 70 30 %0
t (dakika) t (dakika)
keki lBakl angeé- RhB k keki |l Kag.al i z©°r mi Kkt
fotobozunma iszerine fotobozunmaseée ¢(zerit

50mgL?)

kekil 56te g°
ver i mi 90 dak
verimler.i % 8
Kataliz®°r mi k

konsantrasyonu: 5mgf)

réel dej e gi bi

i kad

1.6 ve % 55. 2
tarénén RhB' ni

RhBohdo] barkhanbhézuk
a %101G@mgLl'ol dufpuhkea, safadengla
ol

de edi | mi kK

gi derliblamd aingg&zer i

arak el

boya konsantrasyonunda, Bentonit/ZnGBen anokompozi ti hané faakl &] amn

kekil 66da g°
RhB6é6nin fotob
daki kada bozu

Hazér |l anitZzmO/FB@maoam@k ompozi tinin
boya

r¢el dej ¢ gi bi bir dizi bozunma den
ozunma reaksiyonundea, aktagdrad li m& s é ym
nma veriminin % 47. 46den %1006e vy

RhBénin fotoboz

konsantrasyonu,

uygun «kartllakeée bRikmghgeé-
belirl enmiktir OsBan kkaamp cazridtai ZzZfnddt/dkat al i zI1 i Jin
76de kéyasl anméxkteéer.
3
100 —o— Bertonit/Zn0/Fe203 :S:;i::f:w =203 -00348 0058

—B- Zn0/F2203

80

60

% Giderim

40

In Co/Ct

= 0,016%-0,002
Ei= 0,991

0 10 20 30 40 50
t (dakika)

k e ki Bentohit/ZnO/FeOs ve ZnO/FeOs

60 70 80 90 0 10

kekiRIhB®.ni n

40 50 60 70 80 90
t (dakika)

f ot oboz

kataliz°rl ¢J ¢nde Rh birinci dereceden kinetik

En uygun Kartl arda bozunma verimleri2:90 daki
nanokompoziti i-0snawb@OmporetZnOFfFFa %79. 406e ul
g°re platform ol arak kull anélan bentonitin fot
adsorpsiyon yetejine sahipayamalonoltuwmamRhmBe anlotl ie f
boya mol ek¢ll erine daha kolay wul akéméneée sajl a)
(¢ajlar vd., 2021:1609614) .
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Bentonit/ZnO/Fe0s ve ZnO/FeOsk at al i z°r 1l er i var |kéatéandid) °©(r Rh5BD 5m
kul | akfiosok at al iti k bozunma kinetiji, Exkitli k 2'd
ile dejerlendirildi. Elde edilen grafik keki/l

i 1— Qo )

Burada; Gadsor psi yon/ desor psi yon daemagdeasni nldeme nh e°mea
RhB'nin baxkl angé- kiolngsialnit réakxsé&mlnaudaurzamanénda R
yal ancé birinci d &r evcee dte né khéénzl asmaab isteirdeisri d(idra k( d a
Bu verilere g%ezZ®baskati &l/iZn°@r/BBag]iésnn dieo tRob oz unma
yalancé birinci dereceden kinetik izledi]jJi g°r
Fotokatalitik deneylerde Kkirletici ve boyalar
s¢peroksitAradh k@) whkeleare( ©R t rsom luand bdimmekfediru ] u
Fotokataliz sérasénda rol oynayan bu reaktif
radi kal s¢peéerme deneyi ger-eklexktirildi
Fotokatal i tik mekanizmayé aydeénl atmakOsi -in Rh
nanokompozitinir ad i k al sée¢peéereéecel oer ol madan ve s¢gpeéréc
-al éxéel mexkter . (kekil 9). Fot ok ataakorbikasitk me k ani
(LA) ve etilendiaminetetraasetik asit disodyum tuzu (EBAAN a) sér ageefilia i MOH, AcC
sé¢peréce olarak kull anel de. kekil 9 verilerine
ald‘*]ferlerinin orta d¢zadikallegininase krmal edileceld etkiyef u v e
sahi ol duju g°°r ¢l me Ktneedriirl.e nBumewkearnii lzemra éakkéa]j éerdda
100240

8099

=

gﬁ{]%

n°c4u%

E -

2009

0o

Sipiricisiz L-Askorbik Asit EDTA-INa 2-propanol
Reakitif Tiirler

kekiRRhRB9 .nin fotobozunmasénda radi kal Ssée¢peréecel e

Bentonit/ZnO/ Fe203 + hv Y eiBi + hDB+ (Bentoni
DB+ + H2O0 Y H+ + AOH

hDB++OHY AOH

RhB + AOH Y ara ¢re¢nler Y bozunma ¢réenl oeri

RhB+h'Y ara ¢renler Y bozunma ¢reéenl er i
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Gor¢negr ékékla uyarélan katalizoregn de)erli k b
ve dejerlik bands®ndoa ukarbolejhklrdri k( hbg)ndénda «c
yézeye vyvayél arakksgebek oyomueaey su mol ekl | eri ge
tepki meye girerek hidroksil radi kall ari ni ( AOH
boya ile etkilekxkerek boyayeée par-alar. Ayréca o
SONU¢

Bentonit/ZnO/FeOs ve ZnO/FeOs nanokompozi tl eri hi droter mal y
Numunel erin XRD ve FTI R OpwknO/FeOnlod ru&k u Bema on i
destekl emektedir. SEM analizi, nanopar-aceéekl ar
ol dujunu g°stermektedir. EDX analizi, ger ekl i

g°stermektedi r-OzveBreOfFe,ni g ¥ Zgh®{l gee éké mal aré alt
ol arak kullanélarak RhBonin fotoKmawmllang&- bRIEZBI
konsantrasyonu vV e 50 mg kataliz©°r dozu ol ar
Bentonit/ZnO/FeOsveZnO/FeOsv a rélnaja 90 daki ka i -erisinde RhBG¢
% 79.406¢n bozunmaya wujradejé tespit edil miktir
takip ettiiji belirl enmiktir. Radi kal SLPEr écé
radi kal lcear ienti kni ypea,k [Féol | erin i se daha az etkiye
Bentonit/ZnO/FeOs ve ZnO/FeOs nanoparti kel l erion -ekKi tli boya
fotobozunmasénda kataliz°r olarak kullanél abi |l
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¥zet

Perve polifloroal kil maddel er (PFAS) ,azgéeda am
tencere gibi bir-ok ¢reéenegn ¢retiminde kull aneél
czelli kleri nedeni vyl e be¢eyek endi Ke uyandéran
PFAS6én su, toprak ve hava é@inki géstamimeakaedérl
perfl orooktanoi k asit (PFOA) ve perflorooktan
veya insan v¢gcudunda par-alanmamakta ve birikiort
ve sajl ék a- é&sénddkilerie kuuve toprak djibi jortamlardanu gidsrinmesi

amacéyla literatg¢grde kull anélan arétéem y°nteml

y°nt emi il e PFOA ve PFOS-90gve #8398 Tars OzmasnNRQY r &€ s e r ¢

°ntemi gilkerPiFAor ané %90' én ¢ zerion de asseE NRIRASE r
i K

I
y I
Kyon Deji ki mi y°nt emi il e PFOA -%9Gkve Po¥OB gi der i |
ol arak belirlenmicktir. Buna g°re PFOAOGNnén PFA
direlndujumu s°yl emek m¢gmkegnder . PFASG61l arén ins
il e arétéméendaki gé-1 ¢kl er sebebiyle °ncelikle
arétma metotlarénén uygulanmasé gerekmektedir.

Anahtar Kelimeler: Ar e Mm& ani z mas e, BdehEileri PFASKRFOA, PROS v

Investigation of the Environmental Effects and Treatment Methods of PeAnd
Polyflooralkyl Substances

Abstract

Per and polyfluoroalkyl substances (PFAS) are synthetic chemicals used inrthéaotare
of many products such as food packaging, household cleaners astickartpokware, and are
of great concern due to their high persistence and bioaccumulation properties. Studies show that
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PFAS spreads rapidly to environments such as waterasoihir. In addition, certain types of
PFAS, such as perfluorooctanoic acid (PFOA) and perfluoro octane sulfonate (PFOS), do not
degrade and accumulate in the environment or the human body. In this study, the negative effects
of PFAS in terms of environmeand health and the treatment methods used in the literature to
remove it from environments such as water and soil were investigated. In the light of available
data, PFOA and PFOS removal rates by Sorption method €@%4&nd 8P8%, respectively;

PFOA removal rate is more than 90% and PFOS removal rate is betwee@%8%y the
Reverse Osmosis (RO) method. PFOA and PFOS removal rates by the lon Exchange method are
between 51990%, respectively. Accordingly, it is possible to say that PFOA is moreanatsist
treatment methods than PFAS. Due to the negative effects of PFASs on human and environmental
health and the difficulties in their treatment, it is necessary to reduce them at the source and to
apply appropriate treatment methods for their treatment.

Keywords: Bioaccumulation, Environmental Effects, PFAS, PFOA, PFOS, Treatment
Mechanism.

1GKRKk

Hézl e n art € ile insanlarén yakam st a
al andaki é md e ték yakanmaktadeéer. Ki myasa
ve su kirl [ n niyle i nganylazaeame@néhagvtvanl &
sebep ol maktadeéer. Yaygén ol ar ake gerfidrid a@kit €1 an ki
maddelerdir (PFAS]Giesy ve Kannan, 2002) PFAS, toksi k, bi yobiri kin
nedeniyle son derece zararl e endg¢gstriyel kat k€
yaygeén ol arak kullanélan y¢ksek derecede inert
iticilefmalilcel atr ak kararl é ol mal ar e, yaygeén

kull anéml ar & ndeivd.e2019)p FaASmuatr ut er mal ve ki myasal
ve kir tutmaz °zellije, y¢ksek kaygdmledjla kd alrii
nedeniyle PFAS, -ok -exitli@i uygul amal arda ve ¢
biri olan PFOS tek bakeéena 1970 ile 2002 yeéella
| a Kk ifP&aw ud.e2008Perfloroalkil asiter PRAs) , PFAA ©°nc¢l l eri ve f
|l mak ¢zere birka- ana PFAS sénef vardeéer . Tém
ul unan i nsan Yy@®&iesyw&ankan,302)s al | rd

Bu maddel er 1950'" l erdenfASbemi -ewve teisleine kett ekd isri
' erde fark edil miktir. Bu isimlendir me, S
a pazarénda 47000'den fazla farkl
] ,, emaveocgkeéckmaddedomot i v, i nkaat ,
éda anib%adel lialraéc é ,e vs ptreenyi zh ceyya cii nhael
otojraf endgzmet sk irenéwma:;, veerieé
ahréam, 2002; Paul vd., 2008; Weiss vd., 2R AS ayr éca

éenlerin i malaténda y¢zey akti f ma
| ét & m magTheneakoersd, 2000) K u & k a k @ ml an é
n geéda ambalajlaréné yajlanmaya

ékmaséné °nlemek, giysileri ve ha
n s%nd¢ r(Gesy v& Kanpah, (2002P FUAKSI6uérnma k ¢ eir t |
riyel wuygul amalarda ve ticari ¢reéegnlerde

ol masé ve y(@Ghithed20l6d sviye ©°zellijidir

Yaygeén ol arak kull anéllaann b-ualké kmyaalsarl ,| aRF A S6eér

bi ortaml ara hézlée bir kekilde yayeéel deéej
et kil ol ukturdujunu g°stermektedir. Bunun Dbz
perfl orookt @Of) sglifbonakel ( PF i PFAS tg¢rlerinion
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PFAS'a maruz kal manén insanlarda olumsuz s;
kanétlar vardeér. En +eék PFOAéweael ePiFOBFAS T kKi myad £
PFOS'" un | aboratuvar hayvanlarénda ¢reme ve gel.
neden ol abilecejini g°stermektedir. Her iki ki./
tutarl & lzulkagdlaanr ,pomparlvasyonl ar ar @&JSERARB2l)art an Kk

fl li
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kekiPIFAS" en G¢nl ¢ k (HDeoy atut,a 2KQull9l)a n & meé

Depol ama sahasé sézénté suyu da dohi l ol mak
PFAS emi syonl arénén °neml. bir kaynajéder . Kz |
sul ar da, vahki yakamda ve insanadmhesésdumeaeneyl
ki myasallareéen -evrede yaygén oldujunu g°ster mi
kaynakl aréndan biri de j edilen aték sul ardéer

Kar
bozul maya mar uz kal degeadan,séedepbé amayal arkléx
edilmektedir(Wei vd., 2019)P F A'S , sevé hidrokarbonun y¢zeyini
yangén s°nd¢grme k°pejeée érénlerinde de sékl ekl a
eji tim al andraarké ,h b ¢tyairki hyseengeéeonll ar én meydana gel d
étémé ve sécak -aléexkma sérasénda yanécé buh:
ol arak g°sterebil mektedira Bu t¢

(Greithvde 2016 Kk me kt ed i r

é
11PFAS6én ¢evresel Et kil eri

PFAS bilexikl eri bul undukl aré ortam sebebiyl
bil ekik uzun °m¢grl ¢gdeéer ve bu nedenle kullaném
kontamine edebilir. PFAS'én yané&t masell kkimgais a
°ncelikle yer, yeralté ve y¢zey sularénda meyd
ve hidrofilik fonksiyonel gr up, PFAS'"én hem ¢
takénabilecejini agPatar maktediemi (Briéekdhwd.,a da vy
2016)PFAS -evreye farkl é kekillerde girmektedir (
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kekil 2. PFAS'"én ¢evreye Yayeéel &heliidhedc 2012) Ol as é

¥rnejin yangén s°nd¢rme operasyonl aréndan s
s°nd¢rme k°pégklerinin sézdéjé veya yékanép git

yé¢ksek se-ici konsantrasyonl|l aékteagapvée BHABEmMéERLtI
veya yardémcé malzeme ol arak kullanéldéejeée end
sal én molad ada®i3)
¢tal ekmanén amaceé, -evresel ol arak yayélém g°s
yontemleaecélné mmesi ve el de edilen sonu-1Ilarén de]j

2 MATERYAL VE METOT

21Araktérma Yo°nt e mi

Bu b°l ¢m, -evresel ortam arda PFAS i-in uyg
vermektedir. ¢evresel ortaml arda PFAS i-in aré
-%z¢mlerin uygul anmasénda di klsatlhi mioldenmal ¢ e&é&r .
(ekol ojik alécelara ve -evresel kaynakl ara y?°
ket esi, ke¢etl e akéxke, °nce¢el l erden PFAA' |l ar én
kaynakl arénén ve in%noebkiakl egEenkEmekiodunmaBana
ve uygun maliyetli teknolojiler uygul amak amac:
ma k u | ol abilir. PFAS maddel er i ve bunl arén - ey
yeni ra@atawtdir alandeéer, bu nedenl e PFAS il e il

yayénl anmaktadér.
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Hedeflerin Fomiilasyonu

ke kiPIFAS. Ki myasall arénée Areéet él nWasswd20l5)Yapeéel masé
22PFAS Arétéeménda Uygul anan Metotl ar

Genellikle daha uzun zincirlere sahip ol anl a
aktif karbon il e adsorpsiyon y°nt emi kul |l anéel al
uzun zincirl:@ bilekiklerr(ydgmi sariippeott amlygRlsel
ters ozmos yoluyl a potansi yel ol ar ak uzakl ak:
uzakl aktérma i-in daha wuygundur. Oksidasyon/ in
devam etmektedir; ancak buréan hi - biri |l aboratuvar °1 - ekl
kull anéel maméext ér . ¢tok az PFAS biyolojik bozun
°l - ¢l mesi ndeki zorl ukl ar arasénda, bu ki myasal

ol arakydmamak ave ki myasal én havaya ve kateéeya
kayéplaré yer al maktadér.

2.2.1Sorpsiyon Teknikleri

Sorpsiyon teknikl eri il e PFAS'"tan etkilenen
yeralté suyu, astuglku gu bveyd a-nlmrdéaz dritré t akém so
Bunl ardan bazélaré areétem kal it gQGliaeivd.e2018)er i ml i |
Genel konsantrasyon azalt ma Ve uzakl akt ér ma
uygul amal arda ser.i olarak =-oklu sorpsiyon ort
deji ki mi, PFAS' én sudan wuzakl akteéeréelabilecefji
PFAS mol ek¢l ¢n¢g adsorptif ortam@aalyg zeg/ aépal i
zayéf iyonik kuvvetl eri k ul I an a@MueleriveYinglisge | bir
2020)

Grangl aktif karbon veya bir b¢eteéen ol arak
tanesidir. PFASukamgadahl arakhbBakt memak i-in et
kabul edi |l ir. Teknol oj i pil ot uygul amadan tam
uygulanmek ve etkinlijini kanétl amékteéer. PFAS'
DESOTEC, CABOFNORI T ve Chemviron gi bi -eKi tli sat éc ¢
suyunu ar ét mak i(Roeshvd. R92d)tié amenalke adegi | i konsant

PFAS adsorpsiyonu Tabl o 16de °zetlenmiktir.
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Adsorpsiyon Antirmy

keki |l 4. PFAS Kimyasal | ar é rfMuellérdesYinglipgs2020)on Tekni |

Bir dijer y°ntem olan iyon deji ki mi, ayne
arétéel mek suya exkdejer mi ktarda maltakg€znbhidri
iyonize veya fonksiyonel ucunu hedelfPIFRA'S' een o0 n a
uzakl aktéerélmasé i-in I X re-ine se-enekleri, t
(Mueller ve Yingling, 2020).Tekk ul | anéml ék re-inel er, °nceden
meydana gel ene kadar kullanéeleér ve daha sonr a
yakma veya izin verildijinde -°p depolama yol
kapas e s i dol ana kadar kull anél ér , ancak daha S
verebilen bir rejenerant sol ¢¢syon uygulanarak
sisteml er i hezl a (Qiaevvd.£2918) al énabi |l mektedi r
Tabl orkeyl el gi | i Konsantrasyonl af(Oliagivdd,enda PF
2013)

Kapasite | Kinetik ~ - - | Kl k Adsorban
PFAS | (mmol g | (g gc(:e)cak pH (I—rlem)ze kons. dozu
b mmol) P (mM) (mg mL)

PFOS| 0.6 0.11 20 7 | 250 0.0012 | 0.2

PFOA| 0.01 246.45 | 25 6.5 | 150 0.0012 | 0.1

PFOA| 5.6 5291.81 | 25 6.5 | 150 0.00012 | 0.01

PFOS| 0.026 8852.30 | 25 5.5 150 0.002 0.2

PFOA| 0.013 0.96 20 5 |200 0.0024 | 0.2

PolyQAOs or b E, PFAS bilexkiklerini di jer arét ma
mal i yetle ADewi kal Bril éevke Koruma Ajansé (EPA
ol an en katé seviyel ere ar@Eemicnaekr ayl eRayQAbsiur iad sn
Osor b, bir PFAS grubu i%90nve2%8O@9' aojkamlawn] ariet ié

Késa zincirli PFASOI ar bu adsorbanla daha d¢Kk
PFBS) . Bununla birlikte bazé wuvzun zincirl:i PF
uzakl akt ér el er(USBPA RBORLT aPbFl S az2Adn)e hal i hazérda uyog
adsorpsiyonu, gel i kmekte olan iyon dejiktirici
olan PolyQAOs ob t eknol oj i si karkél akt érél mékteéer.

156



—

(s 12. UBAK, 17 / 18 ARALIK 2021, Online, A ose

’

/

Tablo 2. GAC, AIX ve PolyQAOs or bE' uMr eRFMaS Per f or mans!| ar @énén
(Cummings vd., 2015)

Grangl AktKyon D PolyQA-
Performans Boyutu (GAC) (AIX) OsorbkE
Yakéenl ek Kur ul muk Gel i ken |Yeni
Yavak ve HézIl| En Yavack Orta En héezl
Ti pi k yatak t|~10dk ~3 dk ~1 dk
¢ejer a-an yal50hbini 120 bin 250 bini 300 bin SI?]O bin i 75
Ké - ¢k zincirl o
etkili En az Orta En iyi
Rejenerasyon/yeniden Az /] Hi - Azl Hi - Bir-ok
etkinlexktirme '
Medyanén kg' e En d¢kek Orta EnY ¢ kse
Topl am ar ét majDaha vyg¢kse|Orta En d
< beklenti

2.2.2Membran Filtrasyonu

Adsorpsiyon tekniklerinin yané séra PFAS ar
kull anél maktadeér. Filtrasyon sérasénda partikyg
PFAS'" én gideril mesi i - 1 n nrfUFx maoofilirabyonr(Fs weders ( MF)
ozmos y°ntemler.i uygul anmaktadér. 15 daki kal ék
il e PFAS gi der i miUtraflteasyene(UF) ek 1 52 01 mi kt er PFAS i - ¢
saatte 1,59 M s u akétREFA® auzakl akt é (Patlersoa svd.,, 2818)] | an mé |
Nanofiltrasyon (NF) y°nt emi i-in gelixktiril mi
y ap e | m&Eudchaeyk edr, 2017)

Ters ozmos tekniji yar é (g e teiekkgliclerib(PFASz ar dan
dahil) be¢e¢yeéek bir -ojunlujunu sudan wuzakl akter
me mbr an mod¢l ¢ konfige¢grasyonu, mer kezi bir t o
me mbr an mal z e me de n(Hordtvd.x2818) Herg vd.nim (2018 RFAS giddrignir
i -in uygul adékl are ters ozmos filtrasyon sitem
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Tablo 3. Ters Ozmos (RO) (Harssuwd.e2018)Spesi fi kasyonl a
HydroLogic Evrimi Fleksiyon  LP-

Ters Ozmos sistemi | iSpring RCS5T

RO1000 700
Dejerlendil. 89 mj 3.78 mj g¢/2.64 ge¢r
kapasite (0.0013 mjmj; daki k ad|dakikada)
Tortu filtresi Karbon ©°n Tortu filtresi
Karbon °n|{2 RO membr|Karbon °

Filtreler dahil CTO filtre - 2 RO men

RO membran karbo| Karbon ©

filtre so
. %50 , 1:1
Sistem kurtarma 50% kullanarak 38%
Hi dr of or | Evet Hayeéer Hayeéer
_ 3/800 g
3/ 800 gir|{l 00 girik |-éekecxk

Bajl ant el

XY

(Tegp dahi |(Tegp dahi || (Boru dahil

dej il dir
Kendinden destekli | Evet Evet Hayeéer
48.500 I Y 1800 I
Boyut (L |18.500 20. 500 1 13200
Aj erl ek 14 kg 17,25 kg 17,23 kg

23PFAS Arétém Y°ntemlerinin Verimlerinin Kar

Grangl aktif kar bon, Ku anda PFAS'én gideri
teknijJidir. -%99% earmagenmca W9Dakl akt érma verimlil
dejerl erl emuhd & ma késa zincirli PFAS' én verii
kaynak]!| a@Vualé tvea\Xdngling, 2020)¢ i f t filtre ile tasarl ana
kul l anél an bir si st emde, PFOA'" nén gi de'dei mi ol d
yapélan grangl aktif karbon arétéme ile su i-
déeKer el megkt éor. Mi nnéksap as idtae li is eb igrg ntdees i1s1t3&,6 g a
il e PFOS seviyeleri 0, 0 oxOt@@mnmmgd vd.H2015;Watarline, é nd a t
2010) Karbon zincirinin uzunluju azal dék-a gi d:
gran¢l er aktif karbon bu bilexiklerin -ékaréln
ol ar ak, s u gkraaynnsa k laakrtéi fi -kianr bon ar ét ma si steml el
uygul anmasé i-in | aborat uv &Bartelvd.,26818&ha - al ékmal a

Kyon deji ki mi, bir ev tipi SuU yumukat eceéeseéen
dijeriyle dejiktirildifji, kal si yumun wuzakI| akt
Kyoni ze PFAS, i yon deji ktirici re-ineler k ul
uzakl aktérma verimleri oldukirmaddleiiBajpenhanma EXI
bi karbonat, nitrat ve fosfat gibi yaygén anyonl
-%z¢e¢nmegk katélar, mineraller r@ummmgshde ROl5)t ék aya
Anyon dedhakikmsa dzincirld.i PFAS'én -ékareéel masé
gere¢nmektedir ve bior klHagelinvd.,2@0@)de uygul anmaktade
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Ters 0z mo s Ve nanofiltrasyon sistemlerini
uzakl aktéréel magésdtdericl kii ktii rool dhé¢mus o0zmos il e
taraféenda reddetme akékénda tutulur ve PFAS'én
i Kl emden ge-iril mesi gerekir. Ters ozmosun topl
olduj u belirtil miktir Bununla birlikte, ters o
reddet me akékénén sorumlu bir Kekil de ikl enme:
basén-1larda -al ék Idé]é i -in teP$FABdMmast ani dal
gel i ktirme akamaseéndadeé ve pil oTersvzengsave t am ©° |
nanofil trasyon H9e9mbPrFaO18 agied eir-men voeIrIPFAA Vel i ] i ra,
PFOS ve PFeA, PFHXA, PFHpA, PFNA, PFDA, PRBPFHS dahi | ol mak ¢zere d
PFAS i-in > %90"'"dan fazl a(Caoneavd., 2019 @albd @ e ditled if jair |
arétem y°ntemlerinin PFAS bilekenl eri czerinde
Tabl o 4 . Far kleel eAriet mae YPRAS Bil ekenlerinin
Kar k &l a(Bartéllvce, P0D&) s é
Arétma T¢r ¢ PFOA PFOS Dijer bi
Peht él akma/ fl oky¢ || 1-20% 1-80% 1-5%

5 .
Granegl Aktif Kar b >48%>90%| o 289 18| 59006 5900
Daha kés
Kyon deji Ki mi 51-90% 90-99% bil exki kil
hezl e at
. o 570 <10% (
Membran Filtrasyon 10-50% 0-23% bil eki k

. o _ Ol duk - a
Biyolojik ar ét ms
filtrasyonu ve ne<10% 0-15% b a z @urumlarda

. konsantrasyonlar
dahil) _

artteé
Ters ozmos >90% 93-99% >90%
Oksidasyon (ozon) <10% 0-7% <10%
Gel i kmi K 0 Kk-3i02) a s y| <10% 15% <10%
Toz aktif karbon Veri yok 10:97% Veri yok

3.SONUC¢

PFAS ve bil ekenl eri teknolojinin gelikmesi
hayatl arénén kolaylaktéerelmaseée talepleri czeri
kullanem °mrg¢ dol muk ol an maddelserive dejakaikaorl
bertaraféenén sajl anmamasé sebebiyle insan, -evi
bakl amékt eéer . Bu problemlerin asél sebebi PFAS
de insan v¢gcudunda birikim gestermesidir.

Baze ¢l kelerde PFAS kullanémé yasakl anméxkteéer.
olarak bu maddelerin kaynajénda azalteéel masé vya
kull anél masé sajlanmal édér. Kaynaspwtopgraktara zal t ma |
uygun y°ntemlerl e gideri mi ger-eklextirilmelid
incelendijinde késa zincirli olan bilexkxenlerin
ol duju belirlenmiktiiamanBarza@anyg°kaeaf euyguiunce
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kullanélan y°ntemler olarak adsorpsiyon, iyon
ters o0zmos y°nt emi °n plana -ékméxkter. Son ol
yé¢ksek oranedai MFASa@l adejée tespit edil mi ktir.
bilekenlerin %996dan fazla oranda gideril mekte
d¢ Keék ol maktader . Dol ayéséeyla aréetem y°ntemle
veril erek yeni adsorbanl arén geliktiril mesiyle
aretémé esas al énmal eder
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Héezl & Dejerlendirme Y°ntemleriyle M
Sismi k PerformanslEarzé memnBe&lrinrel] e nn

Dr. ¥jretim ! yesi?! MansurlTarak, AriGarsAhmebKgsanu
Turan!, Ark. G°r', Mupeaf &eGikocak

Erzincan Binali Yéldérém | niversitesi, Mimarl ek ve
¥zet

Mevcut yapé stokunun b¢gyeée¢k bir késmé betonarm
al makt adeéer Son el | y él i -erisinde ¢l kemi zde
(1999 G°lce¢k (7.4 Mw), 2003 BiGgEl ©¢6] 4 ( MwB, MS
bir-ok deprem meydana gel mi ktir. Depreml erden
-arpan en °neml i det ayeén, mevcut yapélardaki vy
kol onlar) ol duju biliemekaeterbi Bal kapeaamémeec.:
dejerl endiril mesi aktif fay hatlare ¢zerinde
et mektedir. Hezl é dejerl endir me y°ntemlerivyl
performansl| ar é@éneétns é&zelbirrl ecmarkeislide tqehrr-iebkal ekt i ri |
y°nteml ere g°re hem ekonomi hem de zaman anl g
Arakteéerma kapsaménda Erzincan ilinde bulunan ¢
seviyel erril em@zlrénedgPat emi ile belirlenmixktir.
performans seviyelerinin héezlé dejerlendirme Yy
yapeélarda yumukak kat etkisi, ajeér rkaectkis,ol , KkEé&s:
topojrafik etkiler, zemin sénéefé ve bina kat
yapél acak ol an -aléekmal ar sayesinde b°l gesel r
tehli ke (risk) azal t ma] |pamahlrialmlrarvéen/évne ygae | B rkztiinrci
bil gi y°netiminin destekI|l enmesi i -in yerel ma k
Anahtar Kelimele. Bet onar me Yapél ar, Hézl & Dejerl endir me
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Determination of Seismic Performance of Eisting Reinforced Concrete Buildings by
Rapid Evaluation Methods: the Case Study of Erzincan

Abstract

Our country, which is mostly reinforced concrete, is located on active fault lines. In the last
fifty years, many medius i zed eart hquakiess (MW) 99 2®°0I3c ¢Bki ng?° |
2011 Van (7.2 Mw), 2020 El azej (6.8 Mw)) have
property in our country. It is known that the most dramatic detail in the heavily damaged buildings
examined after the earthquakesthe structural defects (soft story, heavy overhangs, short
columns) in the existing structures. In this context, the rapid and practical evaluation of existing
reinforced concrete buildings is extremely important for our country, which is located on active
fault lines. Since the seismic performance of existing reinforced concrete buildings can be
determined nowlestructively with rapid evaluation methods, it is likely to provide great savings
in terms of both economy and time compared to other destrucétieods. Within the scope of
the research, the seismic performance levels of 33 reinforced concrete buildings in the province
of Erzincan were determined by the rapid evaluation method. The main parameters in determining
the seismic performance levels ofisgng reinforced concrete buildings by rapid evaluation
methods are; Soft story effect, heavy overhangs, short column effect, apparent building quality,
pounding effect, topographic effects, local soil conditions and number of building stories were
seleced. Thanks to the studies to be carried out within the scope of the research, the determination
of regional rehabilitation needs and the development of seismic hazard (risk) mitigation programs
can be provided and/or it can guide local authorities to stippe risk profile information
management of Erzincan province.

Keywords: Reinforced Concrete Structures, Rapid Evaluation Methods, Structural Defects.

1.GKRKKk

Tcrkiye konumundan dol ayée b¢yéek depremler geor
g° angemedéj énda ol asé bir deprem halinde mal \
ver.i toplamaya dayanan ayrénteleé prosed¢grl er,
bi nanén rehabilitasyon i hti ya-i -diury utpe kd ubyinra dl&ij n
kull aneéel ér . Byl e bir durumda deprem ger-ekl ek
i KgécCé, zaman ve maddi a-édan zor ol acajée d¢k
yapeél masé ve risklibbirnakalyént'emsgietiadilrindsssniiK
y°ntemlerinde kullanélan parametreler Tabl o 16
(Efekan, 2019).
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Tablo 1. Heézl é dejerlendirme y°ntemlerinde dikkate
karkéel akt ér el maseée.

Hezl e De“erle&dirm:e ~ IQN) 2 ;- i
Y°nt emi o z z I'é c_u " _ ;

s 2 e =2l s S 2]k

o 0 n _ < N — o

' n ° o > =

< © c __>' — @ o o~
Hezl| evy°metj.. Kul laneélSan| = ) ° c a o
Dej. ParametN\relleru - o = N

L @ © —

« L] I

Kat sayeésé X X X X
Takéyécé sistem t|i pX X X X X
Yumukak kat / ZayéefX klatX X X X X X X
Aj ér - ékma X X X X X X
D¢okey degzensizlik X X X X X X X
Plan d¢zensizliji X X X X X X X
Késa kol on X X X X X X
¢tarpeékma et Kkisi X X X X X X X
Bina °nem sénéf é X X X X
G°r¢nen bina kali|t esi X X X X X X
Bina inka yeéle X X
Tabi zemin eji mi X X X
Deprem tehlike b°l ges X X X X X X X
Zemin sénéf e X X X X X X X X
T¢e¢rkiyebde mevcecut ol arak bulunan 20 milyon vyaj|
G°l c¢k depr e mi sonr aseée inka edil difji bili nmek
yapélarén b¢gyek bir k e smé rYiapke | akt 6k ndraadéerl .ar A
Y°netmeli k 1997 yéléenda yayémlanmék olup 1998
yél enda Deprem B°l gel erinde Yapeéelacak Binalar
DBYBHY6de can ve mali kmglephvar &nré& aen kanaselndd
dojrultusunda AMevcut Binalarén Dejerlendiril m
y°netmeli k de 2018 yeéléenda crkiye Bina Deprem
y°netme|iklerapmagurzalmaﬂapllalcai/e i-in hézl é te
uygun y°ntemler bulunmuktur (Efekan, 2019).
Bina Mahallinde Dejerlendirme Y°ntemi, kar maké.l
tanémlaneér Bakl angé- s egi bir wraali igarettemezo e damzerb u  y © n t
bi nal arén mevcut performanséné belirler. Bina
m¢dahal e gerektiren mevcut betonar me binal ar én
dejerl endirmenekhi yapml dapel d&Pd gegdgul anér . Bu a
riski y¢ksek ol an Erzincan Klinin Ergenekon Ma
Hezl & Dejerlendirme Y°ntemi uygul anarak sonu- i
b°Il greinskm durumu dejerlendirilecektir (lkek vd.,
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MATERYAL VE Y¥NTEM

11Bi na Mahallinde Dejerlendirme Prosedg¢r ¢
Karmakékl ék d¢zeyi en az olan ilk dejerlendir.
ol arak tanémlaneéer. Bakl angé- seviyesinde ol an

benzer Dbinalarén mevcut per f or maennsiém é€a nbaecl & ,r | e
m¢dahal e gerektiren mevcut betonarme binalar én
dejerl endirmenin yapeéeldéjé b°lgedeki t¢gm yapeéel

2.2.1. Bina Kat Sayeéseé
Mevcut betonarme bir¢sienamédeki zewmiphamekiayesialyié
bet onarme bina, cephel eri a-éséndan kotl areée fa
her iki cephedeki binanén kat sayeéelaré farkl ey

ol anea&lt&ma
2.2.2. Yumukak Kat

Genellikle yumukak kat bir bi nada, bel irli bi
dayanékl el é&ja sahip olduju durumlarda varder.

bi nalarda ortaya - é&kinpakotlaadné rh i nYaul naurkéank gkeanteal | si akh
yé¢ksek inka edilir ve bu durumda mevcut betona
bir eksen sistemine sahip olabilir. Deprem m¢h
karmakéekuebaki Ekatyomarak tanémlanmaktader.
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Bina Mahallinde Dejerlendirme Prosed¢r¢ kapsam
kata sahip ol masé durumunda Dejerlendirme Puan
ol arak dejerl endRuanné r(VS)Deijee | Baldlio m2é6den tem
2007).

2.2.3. Binanén G°r¢gnen Kalitesi
Mal zeme ve ik-ilik kalitesi ve periyodik bakeéemi
kalitesini yanseéter Bet onar mea biyri , biomra naé nv enyea\
ol arak sénéflandeéeréel ér. Go°r¢é¢negr kalitesi d¢ K¢k
ve yetersiz detaylara sahip ol masé beklenebil:i
Bina Mahallinde Dejerlendirme Prosed¢r¢ kapsat
kalt esi nin iyi, orta ve zayeéef ol maséna bajl é ol e
O (sefeér), 1 (bir) ve 2 (iki) olarak dejerlendi
edilir (Sucuojlu vd., 2007)

224, Aj ér Konsol |l ar
Betonarme binalaed aj €ér bal konl ar ve/veya konsol d°ckemel
durum depremler sérasénda sismik yanal Kuvver
art maséna y ol a-ar . Aj ér konsoll ar , dejerl e
gzl emldngb i-in, parametre setine dahil edil:|
Bi na Mahallinde Dejerl endir me Prosedg¢r ¢ kapse
konsoll ara sahip ol masé durumunda Dejerlendir m
(séfér) olarakridefeéiri memdPuanhér(VS)Oeijee Tabl o 2
vd., 2007).
kekiAf é2. konsol ©°rneji

2.2.5. Késa Kolonl ar
Ké s mi dol gulu -er-eveler, yaré g°m¢gl ¢ bodruml a
bokl ukl aré etrafeéendla&ti omartme khaitn akliaridka ek & snae vica
neden ol ur . Késa kol onlar, genellikle deéek -er -
belirlenebilir.
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Bi na Mahallinde Dejerl endir me Prosedy¢r ¢ kapse
kolonlaras ahi p ol masé durumunda Dejerlendirme Puan
(séfér) olarak dejerlendirilir. Dejerl endir me

vd., 2007).

keki2l00383. Bing°l depremindg®° kmgna yapéhan—edbmiqhe

2.2.6. ¢arpma Et ki si
Bit-nkzkm binalar arasénda yeterl:i a-ékl ek ol mi
sahip olduju farklé titreki-zamnanpaenrliéy odll raay¥anv et il
genliklerinin sonucu mevéu bet onar me binal ar depreml er SEer

D¢zensi z kat ye¢kseklikleri -arpmanén etkisini

Bina Mahallinde Dejerlendirme Prosed¢r¢ kapsa
ri skine sahip ol masé durpanmadaVd®PMd)jetl €ébdr )y mel B
(séfér) olarak dejerlendirilir. Dejerl endir me

vd., 2007).

2.2.7. Topojrafik Etkiler
30dereceden daha di k yama-1I| ar dalbii -bh@ead wlnyaasn&n éd i n

¢St katl ardaki yapeésal el emanl ar a eKit ol ar a
Dol ayéséeyl a, topojrafik be¢gyekl ¢k, farklé kotl a
yer hareketi yojunl uj unu abBu émnreadbei nlleec efkr obsierd ¢bra Kl
sismik risk dejerlendirmesinde bu iki faktoer d
Bina Mahallinde Dejerlendirme Prosed¢r¢ kapsam
topojrafik etkilere sahip ol mag€é (¥SMImdnddiDe]j
yok ise 0O (seféer) olarak dejerlendirilir. Dej €
(Sucuojlu vd., 2007)
2.2.8. Yer el Zemin Kokull ar é

Bir deprem sérasénda mevcut betonarmer bir bin
verebilirliji), b¢eyek °1 -¢de o binanén faya ol
Mi kro °1| -ekte si smik ri sk aritalanmaseé her

h
da, si smik risk (GAe(Reak Gyoand har ek e

uygul amal ar én

n) Ve PGV (Peak Ground Vel oci ty)
rd

;

r
Accel eratio
parametrele
iyi yanseéte

n PGV, genellikle b¢yek bir depr
Bitirme TexXiuldamsil ékapfdLkme Rdd 39 G

122Mevcut Betonarme Binanén Sismik Performans
Bina mahallinde dejerlendirme prosed¢r¢ kapsar
edi | mesi gereken yapeéesal parametrel emsonfrg&,e o0 bi n
Denklem (1) kull anél arak Sismik Performans Pua
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(PS)=BS* (VSM) x (VS) (@8]
Bi na Mahallleinndd er m2e jPerrosed¢r ¢ kapsaménda, me v c u
edilecek yapeéesal parametreler ait Dejerlendirm
carpané (VSM) i-in Tablo 36de d¢zenl enmi ktir.
Bina Mahallinde De] er Hamedcutbetorarne bimakrdadegpit gdilek a p s a mé
yapésal parametreler ve o0 binaya ait yer el zZe
puanl arée Tablo 26 de verilmiktir (Sucuojlu vd.
Tablo2. Bi na mahallinde dejerlendirme prosed¢reée p
Lokal Zemin Kosullan I¢in Bina Mahalinde Degerlendirme Prosediiril I¢in Degerlendirme Puani
; Degerlendirme Puani (BS) (VS)
Bina Kat -
Sayisi L Bsl 1L Bsl IIL. B&l Yumusak Agir (];-1-11?11111 Kisa Carpma | Topografik
- polge - Bolge - Bolge Kat Konsollar on_mﬂ_l Kolonlar| Etkisi Etkiler
Kalitesi
1ve?2 100 130 150 0 5 5 5 0 0
3 90 120 140 15 10 10 5 2 0
4 75 100 120 20 10 10 5 3 2
5 65 85 100 25 15 15 5 3 2
6ve7 60 80 90 30 15 15 5 3 2
Bina Mahallinde Dejerlendirme Prosed¢r¢ kapsan
edilen yapésal parametrelere ait dejerlendir me
2007).
Tablo3.Bi na mahallinde dejerl@ndirme prosed¢r ¢ puce
5SESNI SYRANXYS tdzZ vy 4
cHhLPalkt ot
(Etkiler) P LPalrt QG 1A L, FLIPALFE 940
,dzydzo {1 YRG 901 AR Q)
| EPNJ Y2yazftl NPy @Q0G1AaA 1)
YPal Y2ft2y|t I NPy 9aj{AaA (D)
41 NLIYIF 9Qu@ilAaA (0)) Q)
¢C2LR2ENF FA|l 901 AfEBNI 1)
.AYlFPY DINNySy ®tAd5ar (1) | )
13.Si smi k Performans Puanlarénén Yorumlanmasé
Bina Mahallinde Dejerlendirme Prosedg¢re¢eg i1 e me
puanl amaséndan el de edilen sayésal sonu-1ar r
i ncel enmesi bakemengasi hecgPre 4 (do°rt) (en vy
y¢ksek risk grubu, orta dereceld] risk grubu
yoruml aneéer .
Mevcut betonarme binalarén sismik piadefilkr mansl!| a
akamasé ol an bina mahallinde dejerlendirme pro
hesap edil en sismik performans puanl ar énén, r
yoruml anér .
Bina Mahallinde Dejerl endimrmdiProdednr ¢iayk &p saaym
sismik performans puanl arénén, risk grubuna g°
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Tablo4. Bi na mahallinde dejerlendirme prosed¢r ¢ r

En Y¢iksek Ris

Kkincil Derecede

[ 1]

L
Orta Dereceli Risk Grubu -

N

D¢ ke k Dereceldi

Tablo 46 te Bina Mahall i nde De jbetondrraenbd bilmme pr os
i -in 0<PSO30 sismik performans puané araléjénd
anal i z i-in (en y¢ksek ©°nceli]e) i htiya- duy
yoruml anér .

Ayné kKkekil de, PS>108e0 asriasln&]jké npdear fhoersnaapn se dpiulaenn s a
d¢kek dereceli ri sk grubunda bulundujunu ve de
yoruml anér .

2. ARAKTI RMA . BULGUL ARI

Se-ilen b°l gedeki mevcut bet onar merbsedflageéen,
kapsaménda i stenilen parametreler g°z ©°n¢gne al

Si smi k performans puanl ar éné referans al ar ak
belirl enmi ktir.

Tablo5.Bi na Mahallinde Dejerlendirme tabl osu.

Kat Var

¢nenkKydalilftesi 0 |§
b kiswok | 0 |3
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Tablo6:Bi na Mahallinde Dejerlendirme tab

Kat Yok | 0 |
kiswok | 0 |

SONU¢ ve ¥NERKLER

Erzincan Ergenekon Mahall esinde 188 adet mevcu
bina mahallinde dejerlendirme prosed¢re¢ kapsar
yapélar genellikl-2 sde¢ete yape i BSlichadmwdEadde]f dirgd @&
incelenmiktir. Kncelenen mevcut betonarme bina
tanesi d¢kek derecel i ri sk grubunda bul unmakt a
Dejerlendiril mesi yapélan mevcut betiagskar me Dbi
grubunda, %86, 7 O6lik kéesmé d¢kegk dereceldi ris
sonucunda y¢ksek risk texkkil eden bina bul unmas
performans anali zi orta deréceli risk grubunda
~ 160

©

140

t SNF2NYI ya

120
100
80
60
40
20
0

1234567 8 9101112131415161718192021222324252627282930313233
.AY Ll bdzYl N» &P

kekiHer4 bir binanén performans puaneée
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Presentation ID / Sunum No= 1

Or al Presentation / S°zl ¢ Sunum

ORCID ID: 0006000313154466

PVA (Poamd-Alkol) ElyafeHe B¢ k¢ Imek Pamuk Kolé-@aden | retden
Havliu Kumaxaré Su Eméesdék Perfor mansé

Do- . Drke kétden

IKskenderun Teknik | niversitesi, Kskenderun Mes
Ay akkabeé v efilisekerden@istd.eduniry,

¥zet

Bu -al ékmada, PVA (pol i kiamidle alek ple)nyel yafmuikl
kull anél arak dokunan havlu kumaxkl!l ar a, SuU emme
y¢ksekl ikl erine sahip olan havlu kumakl ar ¢ret
ve karde ipliKHhetukuumaréhbhméudteGrer j anséz su il
yékaner ken, deterjanl é su ile 60 0C de 60 dak
standart atmosferik kokullar alténda (20 AC ve
numunelerinesea mme t esti wuygul anméxtér. Hav y¢gkseklifJi
su emicilijine etkisi, Design Expert 6.01 ve SF
anal i z edi |l mi Ktir. Yapél an - al é kakananshaviuu c und a ,
kumakl arén su emicilijinin, penye hav iplifji [

sonucuna varel mexktér.
Anahtar Kelimeler. Ha v | u; Su Emiciliji; PVA Elyaf; Hav Yy

Water Absorption Performance of Towel Fabrics Made of CottonYarn Twisted With
PVA (Polyvinyl Alcohol) Fiber

Abstract

In this study, water absorbency performance tests were applied to tery fabrics woven using
carded and combed cotton pile yarn spun with PVA (polyvinyl alcohol) fiber. Towel fabrics with
different pile heights were produced and combed/carded yarns have been used in different
thicknesses as pile yarns. Towel fabrics were washed with detdrggnivater for 10 minutes,
60 minutes and were washed for 60 minutes at 60 OC with deterjant water. Afigreeess,
the samples were dried under standard at mosphei
Water absorbency test was applied to the dried test samples. The effect of pile height and washing
time on the water absorbency of the towel fab@as statistically analyzed by using Design Expert
6.01 and SPSS 22 statistical software programs . As a result of the study, it was concluded that
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the water absorbency of towel fabrics woven using carded pile yarn is lower than that of towel
fabrics woven vth combed pile.

Keywords: Towel; Water Absorbency; PVA Fiber; Pile Height

1. GKRKKk

Havl u kumak, birbiveybek &t ily ;ecgabzy@m@ daw | eymd una 2
atké ipliji ve zemin ve hav ol makmgeamael aként.i
czell ikl eri vV e perfor manseé, °ncelikle k uma kK
konfige¢grasyonu ve yo] 8imghani Vema 20d)HRa e Il ur IkeinmmaeK tag d
gel eneksel kumaxklara (-°9zg¢ ve atkeée iplikleriyl
su emebilir (Cruztal2 017 ) . Havl u kumack; Su absorpsiyonunt
yé¢zme havuzu, mutnf axQ 1 2p,l agd 0 Iv5b). k(uSlelkeerré&lema k't ad é
yumukak yapéeda ¢retilen bornoz ve havlu kumackl
doj al ol arak olukan su ve teri t rRamashareinan eder ke
2015).Havage - i rgenl i J i , su buhareée ge-irgenlifji, séev
havlu kumakl arén konfor czellikleri ol arak kal
kumakl arén performanseé, °©zel |l i kI(Rurursand Eeemme ©° z el
2013, Karahan and Eren 2006) . Havl u kumakén su
(elyaf tipi, iplik tipi, i pl ik be¢kemeat Kb, ) Ve
yojunl uj u) bajl edér (Seé&épadehz8OHlB3eROEHPEN AK K E
yézdesini azalterken, hav yékseklijindeki, al
yéekseklijinin stati k su emme ¢zerindeki et ki si
(Singh and Beher&015). Haviulh ar én y¢,¢ksek su emme yetenekl eri
il mek havéndan kaynakl anmaktadeér Y¢ksek hav

I

o —

éné sRerdlye ara Batakyde€2009).(

muk elyafé hidrofil ink edlithadda , (fllkaleay®°a =l atad
i] nedeni yl e havl ul amRdnmachadran2@l®amule r ci h e
€ dojalder, ci |l de SinghiandgBeherB 0 1 5. - 8omneyel za
kumak!| &rudd apébktnmiyredd mal zemel er arasert
nél ar ak cretilen seéefér bekeml g 1 plikler

Kl ar, -ok yumuket&d20t®. hacimlidirler (Cruz

Sefeéer b¢egkeml ¢ 0 pli k PeWAetfmelka nme-nitBinghighdemulk ¢ ki ¢pll
Verma,2017)Daha sonra PVA liflerini -%7zmek i -in havl
-%z¢l mesiyl e, el de edilen havlu kumaxl!l ar, st an
daha hacimlidir Mandawewal®014)

Pamukl u havlu kumaklarén su emme °zell ikl eri
¢ms¢gz hav iplijJi kull anélarak ¢retilen havl
éda -alékma bulunmaktadéri. plBiu] i- ak wlklmameéeslna raan
l u kumak yapé parametrelerinin ve kumaxl ar
formansl aréna etkilerini incelemektedir.

XX ITTD® ©°
CcCcC O TN

b ¢ k
say
hav
per
2.MATERYAL ve METOD
Bu -al ékmada, b¢kegmsegz hav i plifi kull aneél ar
havlul ar dokunurken, farklé hav y¢ksekliji, fa
e sabit at ke / -%zg¢ Pplifii kekl anel mektkear.d
S [ kokul l ara wuygun ol arak bir Picanol
n Dokuma havlu kumaxl!l ar , reaktif bo

I
r
nél an zermi nT adbel soe nli, ghtasvtleurlial rngéenk t¢erdeit i
ini, Tablo 2, havl u kumakl arén yapeés

o— o m<
N ' O3S
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e
~cc =

173



ey iy
(s 12. UBAK, 17 / 18 ARALIK 2021, Online, A ose

Kumakl| arén gramaj €&, hav y¢kseklikleri, su e
629, TS EN 14693 % dteampd 503RIUDIEO20 2097 TS EN 14697
2007).

¢al ékmada, her bir havlu kumaktan, 100 N 1
numunesi hazérl anmék, “Quanenk0 edagkidled erdatné ©j & ms
dak ka yéekanméekt ér . Her i klemden sonra numunel er
(TS 240 EN 20132 00 6 ) . Kurutul an test numunel eri ne su
testten el de edilen su emme s¢relerinin aritme

X X

X X

X X

k e k iZeminlDoku Deseni

Tablol.Hav!l ul arda Kull anélan Zemin ¢°zgg¢, At ké ve Ha

Kpl ik Kpl i I B¢ky¢ Rkm Elastikiyet %U KncocKal & Neps Teyl ¢

Numara (Tim) (CN/tex) {_erler yerler (280%)
(Tex) 5006 (+50%)

Zemin - 29.5x2 352 13.1 7.98 7.9 0 1.2 1.6 6.54

iplifi

(Open-End)

At ké i pl39.33x1 38 12.45 5.575 10.725 533 34 7 4.5

(Open-End) 49.16x1 3.7 12.9 6.1 10.28 0 18.2 11 4.16

Hav  Penye 36.87x1 3.5 15.18 7.76 - - - - -

- %2z PVA

el Karde 49.16x1 3.4 13.7 6.16 - - - - -

PVA

Hav k¢tl e orané, denklem (1) '"e g°re hesapl ann
numune czerindeki hav i plikleritopdlaar el jatrlaks i ket
hesaplanan dejer 100 ile -arpél mexkter.
0 — @ T T (1)
Pvr= Hav k¢gtle oraneé
Pw= Hav k¢t esi (gr)
Sv= 10x10 cm boyutl aréndaki numunenin k¢gtlesi (gr)
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Tablo2.Havl u Kumakl arén Yapésal ¥zellikleri
N Hav Pwr AtkéZemin - Hav -° At ké Zemin
) 0 - ~
0 V¢ .k S e Grgma (%) iplik iplik iplik sékl Lo zyg
i ] numaras . JP. _
_ numar e numar & (iplikicm) séekl
(mm)  (g/m) ) (Tex) (Tex) (iplik/cm)
(Tex)
1 3.07 450 639 39.33 29.5x2 36.87 17 14
2 3.16 484 655 39.33 29.5x2 36.87 17 14
3 3.68 493 62'9 39.33 29.5x2 36.87 17 14
4 4.20 548 63'2 39.33 29.5x2 36.87 17 14
S 3.92 549 6?5'6 39.33 29.5x2 36.87 17 14
6 3.28 583 7;2 49.16 29.5x2 49.16 17 14
7 72.0
366 614 5 49.16 29.5x2 49.16 17 14
3. BULGULAR
Deterjanséz su ile 10 daki ka ve 60 itktaki ka yé

yékanmék numunel ere yapélan su emme test sonu-

Suemme siiresi (sanive)

Numuneler

B10 dak.-deterjansiz @60 dak.-deterjansiz (360 dak.-deterjanli

kekiKlumak!|l arén Su Emicilik Test Sonu-1I|ar

kekil 2 incelendijinde 6 ve 7 numaral é numu
g°r ¢l mektedir. Nunmuwmmu e lveer i7nd edni jdearh ah akvallué n at |
iplikleri kull anél ar ak, dijer numunel er I se
dokunmukl!l ardeér . Knce penye iplik kullanéménén
iplijin su heamiyxdikRsdgk nioh masaé nedeni yl e, penye
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kumakl arén, karde iplije g°re daha y¢ksek
sonrasé t¢m numunel erde su emme s¢égresinin

S x n
[p]]

Karde, penye ve kompakt iplik gibie ki t | i i plik te¢grlerinde
konf or perfor manseé iszerine bir yapeéel an bi
y¢kseklijinin, karde iplije g°re daha yg¢ks

o -
=~ =
o

3.1. Kstdzistiksel Ana

Deneysel veriler, Design Expert 6.0.1 ve SPS
[ mi Ktir ANOVA (Varyans analizi),
er baj é mledt ndeekj iik-kienn ik unlalsaén & |enékki tl
i K l erin analizi, -ift o yonl ¢ ANO)
mséz dejikkenin, bir bajeml é dejikken
ANOVA, i ki bk emse,z Wklief bajéemlée dejikken ¢zeri
OVA Kalbll on 8lémdéekt érs.t ati sti ksel anal i zde
er, Tablo 46de, varyans analiz sonu-|

Fp—

di il t
|l eki ml n
ki | i

Q

-

Q

(7]

D
9,37\——

=~ —

Tablo3.Baj éml &€ weD8hjrRIeBl er

Bajéml é dBajémséz deDejikken

Su emme sHav y¢kseklSayésal

Yékama s¢reSayésal

Tablo4.Su Emme S¢resi K-in Varyans Testinin Anal i z

Kaynak DF F Value P value
Model 18 261.51 <0.0001

Ph 6 397.38 < 0.0001
Wr 3 353.02 <0.0001
PeWr 18 63.25 <0.0001
R? 0.9926 SD 0.17

F: Serbestlik derecesRv:Ha vy ¢ kW-eYkel ki aj ma, R&: Breé sir|] emeSDk at s a y és
Standart sapma

Kki y°nl ¢ ANOVA testi, Designy&pekeméktéen. 1Ta

4 incelendijinde, mdd@lL 9®2Beldiert mve matdeady é sé at
(p <0.0001) bul unmuck ts,Wrve R\Bag L8 nesreae d¥egYuexskiemil re r
a-ékl amaktadeér Kstdefi Kk iedkWrevd R\VEn) & Biuz ,e mome] ésmgsréezs
czerinde °nemli etkilere sahip oldujunu g°ster
Tek Yo nl ¢ ANOVA anal i zi il e, numunel erin
belirl enmiktir. Hangi numunel erin biTukey ri nden
Post Hoc Test i, SPSS 22 istatistikizgerhagr amée Kk
yé¢ksekl i bajémséz dejikken, su emménssiresi
anl aml él ék seviypAnal(i®i5n ggorewmc mral @gjreg, 7 nun
numunel er araséndaki fark,turi statisti ksel ol ar a
Yékama s¢relerinin birbirindenlTukeygPoskHoE ol up o
Testi, Spss 22 istatistik programé kull anél méex
emme s¢resi bajéml é dejikksoanotanakgkaeéub0edi C
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s¢reyle deterjanl é suyla yékanan numuneler il e
numunel er araséndaki fark istatistiksel ol arak

Hav ajérl ek orané (%) b aejj é nkskeezn, osl ua rearkmek asbéurl
yapélan varyans anali zi sonucuna g°re ise, 7 n
i statisti ksel ol arak anl amlé& bulunmuxktur.
4. TARTI kMA ve SONUC¢

Yapélan -alékma sonucunda akaj] édaki sonu-1ar
A Haiwvksekliji, havlu kumakl arén su emme perforn
birbirine yakén olarak dokunan havlu kumaxl ar é
Havlu kumakén su emicilijinde, rhatvaby Jkmseek!| iij-i
havl ul arén hav y¢kseklikleri araséndaki farken
A Penye hav iplifji kull anélarak dokunan havl u
havl u kumakl ardan daha fazla su emicil: i ne sa

A Detluljlaain @ mé |

)
e havl u kumakl ar én y € k ama S
m

I
performansénén iyilexktili]i tespit edi |l i Ktir.
ujrayacajé i-in su emme perfobDmabrasasméanm ad yrap@Eae j:
ol an -al ékmal arda havlu kumakl arén su emme perf
belirlenebilir.
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¥zet
Sajl ek teknol oji si hast anlkdleemlinerelendiarzl a B ¢
uzmanl arén, tébbi <cihaz satén al érken en uygun
di kkate al éenmasée gereke -ok fazla kriterin ol
ol duk-a kar mak éecidin Cov d]kgarpaandveennlnsel ysl¢e birl i kte
°nemi daha da artérmécxkter ¢tal ekmada bir kamu
pl anl anan ventilat?©r cihazénéen se-im-19r obl e mi
pandemi d&egjriecamdiehti ya-laré da g°z °n¢gnde bul ur
bakém ¢nitesi i-in en uygun ventilat®©°r cihazén
kKekil de yapél maséna yardémcé ol makt¥Yeme Probl e
(¢ KKV) y°ntemlerinden ve uz man ger ¢kl erinden
mar kaya ait ventilat®°r cihazeée 5 ana kriter ve !
belirl emek i -in konuyl a kiillgeirliin fod rukkltéeu r deug lue kL Og
anket uygul anméxkt éer . Anket sonucunda el de ed
kull anél mékt ér . Al ternatif ci hazl ar araséndan
ELECTRE y°ntemleri rk klalrxred lamé&ke r\ved megxn u -Hea i ki
ayné cihazén satéen al éeénmasé karareé ortaya -ékm
Anahtar Kelimeler: Ve nt i | atl®r,, ¢OQ&viKd i terl. Karar Ver me,
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Ventil ator Sel-€citeni wi Dbac i MadbDurinylitheki ng o Me't
COVID -19 Pandemic

Abstract

Health technology is one of the biggest allocation items in a hospital's budget. Thus, choosing
the most suitable device for their medical institutions is an important decision for denakens
in hospitals. Mdical device selection is a complex decisinaking process due to the long list
of criteria to be considered and the high level of competition. With the CQ9Ipandemic,
medical device selection decisions have gained more importance. In this studgleitteon
problem of a ventilator device planned to be purchased for the intensive care unit of a public
hospital is considered. The aim of the study is to assist decig&rrs in choosing an appropriate
ventilator device in a fast, consistent, and sysiic manner under changing conditions brought
by the COVID19 pandemic. Device alternatives and selection criteria discussed in the problem
were based on expert opinions and similar studies on medical device selection in the literature.
Five different brads of ventilators were evaluated according to five main and tecrisaba. A
guestionnaire was administered to a group of 10 people from different professions related to the
subject to calculate criteria weights. The data obtained from the questeomasrused as an
input to the "Analytical Hierarchy Process" (AHP) method. Then, with the help of TOPSIS and
ELECTRE, the most suitable alternative was selected, and the results were compared. Both
methods yielded identical results.

Keywords: Ventilator, COVID-19, Multi-Criteria Desicion Making, TOPSIS, ELECTRE.

1. GKRKK

Koronavirg¢gseén 2019 yél énén Aral ék ayénda ¢
d¢nyayeée et ki si a-l9épandémaséyl bacO¥&DI mi kt i r .
ve sék g°r¢len semptomlaréndan ol an nefes dar |l é
COVKIDD hastalarénén imdadéna Kkokmuktur. Beyl ec
artmek, hatta zaman zaman bukoinhaszohadeaakaryigi @ad e
-ékméexkteéer. Satén aléeénacak tébbi cihazén se-imi,
kurulukl aré i-in -ok sayéda kriterin dikkate al
gel mi ktir. HeB a knaen | kégj déa rt aJaajfléénkdan 1998 yeéel énda
Sajl ék Bakanl éjéedédna bajl é hastanelerin -ojunda
standartlar bulunmamakta ve maliyeta r ar anal i zi raporl aré yapeéel ma
2016) . Ar de- tetinkaya taraféendan 2016 yeéeleénd
araséndaki ik birlijinin yetersiz ol masénda dol
karkéel amadéjéenée belirtil mickltarre We]knmwmi tterslparte e
kararl ar neticesinde, o %zellikteki ci hazeée kul
sebeplerden dol ayé al émé ger-eklexktirilmik ci hq
gereksinimler devam etmekted{r T . C. Sayéktay Bakkanl ej e, 2005
karkésénda téebbé cihaz aléem s¢reci iy yonet.
karkél anamamaktadeér. Sajl ek kurum ya da kurul
alternatifinin belirlene s i i se olduk-a g¢-ter. i stelik karar
-etin rekabet kokull aréndan dolayé eskiye naz
i Kl et meyi g¢- duruma sokabilirken, yeblihnde ve
Veril ecek ol an karar K¢ - ¢k ol masé ©°neminin a.
i Kl et melerde yanl ék verilmik ufak kararl ar dort
sebebiyet verebilir (¢elikbilek ve ¥zdemir, 20

Sajl ek kovobmkher &ma t eébbi ci haz alemé il e i

s¢recin dojru y°netil mediArd&k-aneésénaksayd akaok
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Bakanl ejéedonén teébhbi ci haz al @ me il e ilgili S
kond amaméxkt ér . Mevcut dur umd a, hastaneye al énac
Kurumdaki heki mlerden ya da biyomedi kal veya
birinin dejerlendirme ve insiyatidfiikketlkaijall @nhbhi
kriterl er ve bu kriterlerin °nemi, ki kKinin -al
ger ¢kt eki ki kilerin dahi!l ol duju be¢gtenlexki k ki
insan beyni en fazla 5 alternatifi belirli &ayg a k i kritere g°re dejerl endi
ve kriter sayélarée arttek-a, d e jteérblbe n dd ir hreemli anr
se-il mesi i -in karar vericilerin -ok y°nl ¢ d¢k
kriterial acaj & karara dahil et mesi gerekmektedir.
durumlarda karar verme mekani zmaséné kontrol 3
kull anél makt adeér u( Kaarlackkamkaod d ub i r2 Old&@8mMniilatdBa st ane s
cihazéenén se-i mi i -1in, heki mler, hemkireler, b
farkl e mesl ek gruplaréndan olukan uzman bir 0
kaynakl ardan¢KK&¥r aekané&l arakkul |l anél mékt é

¢tal ékxkmddakinatai f ventilat©or cihazlarén bel i
sorumlusu taraféndan ger-eklexktirilmicktir. Bu
par-a ¢retiminin devam et mesi ,ma% Zel laiykn éo Iseaergarie r
yer al masé, en az iKki hasta kategorisine sahip
belirl enmesi ve ajérl ekl andéréel masenda ise |-t
di kkate aleéenméxkneéem. krCiitharzllare ngred i deéeerl endir
bi yomedi kal sorumlusu, yojunbakeém hemkirel er.i
yapél mékt eéer .

2. Y¥NTEM

Covid-1 9 pandemi s¢recinde ventil at?©°r ci haze
-&kmal ar ve heki m, hemkire, bi yomedi k al teknik
grubunun g°r ¢kl eri neticesinde belirlenmiktir.
yapél méektér ve elde edilen vdenleltafnoRHRrytBateE
ajérl éek hesaplamasée i-in kullanél mékter. ¢al é
sorumlusu taraféndan se-ilen bexkx adet al terna
dejerlendirilmiktir. yDej seranhdimamel sseneduhada kit |
da ayné cihaz Dbirinci sérada yer al méckteér

2.1 ¢ok Kriterl:@ Karar Verme Y°ntemler.:i

¢ KKV, Karar Biliminin bir alt dalé ol arak ka
g°re model | eyerge&r -veek I-&@ retgiml ielyierr.e kKar ar verici -
-eKi tli veril eri uygun bir Kekil de dejerl endi

(Sarucan, 2021).
2.1.1 Analitik HiyerarKki Prosesi

Anal itik Hiyerar«ki Prosesi (AHP), il k Myers
Daha sonra Profes®°r Thomas Lorie Saaty 1977 yeé
i -in kullanelabilecek bir t eKkignhR®.Il arak gel i kKt

AHP y°nteminin algoritmasé 6 adéemdan ol ukmak
1. Adém: Probl emin tanémlanmasé ve amaceén be

Hi yerarki k yapé kurularak alt ve ¢st seviy
konul maktader.

2. Adeém: Kar ar éelaekmeénrtéllearrianki ni kkiarik kar Kél ¢
dé¢zenl enmesi
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AHP y°nteminin kil karkél akt @ér mal ar é ort
°l -¢mlerden faydal aneéeléer. ¥I|-¢mlerin sonucu Kkal
1 ile Odegreaseéendan yer al deje °nem derecesi °]|
se-eneklerinin karkeéel aktéréldéejée matrisler mey

3. Adeé m: Kki i karkél akt érma matrislerinin r

Nor mal i ze ee nmeekr is¢gtnun °tnacpl amé bul ur daha so
aldejeée s¢grununun toplaména bl ¢gnegr . Matrisler
1 olur (URL-1)

4 . Adém: ¥nceli k vekt®r¢negn hesapl anmasé

Kki |l i karkél akt ézma eiatl mesli ediemisonmnay maloir ma
ortal amasé al eneéer . Bu hesaplama ile el de etti
ajéerlejeder Bu ajérleklar, °ncelik vekt®°r¢gng

5. Adém: Tutarl él ék oranénén hesaplanmase

Karar veri cil erinin dejerl endirmelerinin tut ar
tutarl él ek indeksi ve tutarl él ék oranénén hesa

6. Adéem: Ajeéerleéeklaren elde edil mesi

¥nceli k vekt®rg¢, karar veamrme eggrie&diemi rs otnutaar
kil karkél aktérma matri si ol ukturul ar ak hes
vekt©°r¢ olarak da tanémlanmaktadeéer (¢anak-¢é& Yg¢

2.1.2 ELECTRE

1960 vyeéellarénén sonunda CBRERo6ekbhajiaf @madan s
Ni jkamp, A. Van delf ve H. Voogd taraféndan ge

et Choi x Tradui sant La Real itebo c¢emlesi ndeki
i simlendirilmixktir.

ELECTRE y°nt emiornint maysggul & ma d @BBECTRE ol u Kk ma k
y°ntemi ile en iyiden en k°t¢ye kKkeklinde yapeéel:
al maktadéer. (Dursun, 2018).

1. Adém: Karar matrisinin olukturul maseéeé

KI'k adem karar vericiknium mAsépankhagege - eknbheki b
matrisinin satérlarénda ¢stenl ¢kl eri kar kél akt
etki eden dejerlendirme kriterleri yer al makta

2. Adéem: Karar Waurisinin normalizas

W Qe—— M0 phBa& hQ pB8E (4.1)

B
Karar Matrisinin normalizasyonu exitlik 4.1
3. Adem: Ajerléeklé Standart Karar Matrisinin

Dejerl endirme in-ihrerlkbulrl &kmélteacdlkrolna sahip ol
sahip ol dujunda karar verici fHamwmadfukndiamlajrer I(éa
Ustas¢l eyman, 2014) .

4. Adeé m: ) \&yywmsuziuk (@) setlerinin belirlenmesi

Uyumsetler Y matri sinden faydal anél arak belirl e
etkenl eri go° z °ne¢gne al enar ak karkél akt ereéel é
Ustas¢l eyman, 2014) .
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5. Adeéem: Uyum (C ) ve Uyumsuzluk ( D ) Matri

Uyum matri si (C) uyum setlerinden yararl anél
Ve k=1 i-in dejer almaz ve C matrisinin el ema
6 QaB. 0Q 4.2)

Uyumsuzl uk Matri ssienienki t(ID)k 4e.l3e nkaunlllaarréé liar ak

N

QQa

(4.3)

6. Adéem: Uyum | st¢gnl ¢k (F) ve Uyumsuzl uk | st ¢

Uyum matri si, el eman!| ar éMautyruins i enkiink ed eejnearnil mir
karkel akt érél maséndan el de edilen (F) mxm boyu:
ile elde edilebilir:

c= B B &7Qa (4.4)

Uyum Matrisinin her bir wdleanatné&r élléer uvyeu mb ey

- ¢ Kk ol ana 0 yazél ar ak el de edi Iir. Uy umsu

uUukKturul maséna benzer bir «kekil de ol ukturul

jeri ( d ) e tl ikt dk,5 20d09)e:l de edilir (Y¢c
B B

QQu (4.5)

oo X
® — ¢
® X

K i

d=

G matri siniw) edaenannaatrréi s(i ngde ol duj u gi bi y a
uyumsuzluk ekik dejerinden k¢-¢kse 1, b¢yékse

7. Adém: ToMaamiBasnkae@anl(&R ol ukturul maseée

fuve guel emanl arénén karkél ékl e -arpéeméyla Topl
(ex) elde edilir.

8 . Adém: Kar ar noktal arénén °nem Séraséneén ¢«
2.1.3 TOPSIS

Bir ¢CKKV tekniiji ol antaoRfkeddamMwagmredg i kei rYiolo
[ hni que for Order Preference
r K

harflerinin birlekiminden

i i smin

ek
| a kel i mel e

n
n [
TOPSIS y°ntemi al gdeimdamasel wymak taanh&©E. 6 a

Karar Matri si ol ukturul masé, karar matri sin
matri si ol ukturma adéemlaré ELECTRE y°ntemi ayn

1 Adeé m: Karar Matrisinin (A) olukturul masé.
2 Adeé m: Karar Matrisinin (R) normallextiril
3. Adém: Normal l exktirilen Karar Matrislerini
4 Adeéem?) Kdee aNe g(a i¢fe zkidnelaelr i(nA ol ukt ur ul maseée

Kdeal -%z¢megn ulakmak i -in ajeéerl éeklé standa
s¢tunda yer alan en b¢gyéek dejer se-ilir. Negat
setini bul urken yapeélandan faekl érotarikesek um
getirilir.

5. Adém: Ayrém °| -¢tlerinin hesaplanmaseée
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Bu akamada karar noktalaréeyla ilgili kriter
sapmal ar @énén bul unmasé i -in Euclidian Uz ak|
Al ternatiflerin sapma)depeNegnritiifis & KdlikadgnlAydiyEa
isimlendirilmektedir. S ve Si® | - ¢ 1 er i ekitlik 4.6 ve 4.7 ile he

Y B 0QQQ (4.6)

Y B 00QQQ (4.7)

6. Adém: Kdeal -°z¢me g°re g°reli -°9z¢;mgn he

Bu akamada faydaneél an °1 -¢t, negati f i de al a
sahip olduju payédéer. Kdeal -%Xrgomérg{¥ekn yakaor
2013).

o° ; (4.8)

3.BULGULAR

Pande mi d°neminde ventilat®°r se-iminde Kkul/l
belirl enmiktir. Belirlenen Kkrigerlt ekl acktaijreirll i
Hesapl amal ar Expert Choice programé ile yapeéelr
sahip olduklarée ajérl ék dejerleri kekil 16de vy

kekil 1: Ventilat©°r Se-im Kriterlerini

ml Goal: Ventilator Secim Kriterlerinin Agirliklandirilmasi
= Giivenlik (L: ,468)
-----  Kacak kompanzasyon Gzelligi (L: ,333)
----- = Batarya (L: ,333)
----- = Alarm ozellikleri (L: ,333)
----- I Satis sonrasi hizmet (L: ,147)
= Teknik 6zellikler (L: ,260)
----- = Ekran dzellikleri (L: ,075)
-mm Dijital cilkctillar/ portlan (L: ,075)
----- = Modlar (L: ,404)
-----  Parametre arahklan (L: ,071)
- Hasta kategorisi (L: ,376)
----- mm Fiyat (L: ,068)
= Tasarim ozellikleri (L: ,056)
-5 Boyut (L: ,125)
- Kullamim kolayhi (L: ,875)

El de ediékendeagjeérrl er i kull anél arak TOPSIS ve
séral ama el de edil mi ktir. Hesaplamal ar MS Of fi

Kar ar Matri si i -in ger ekl i ol an kriter de
ger -ekl extiril miakntgiér-. Kmlrde evhitlramsi Bakli t 1 i k 4.
edi | mi ktir. Daha sonra Normalize Edil mik Karar
-arpélarak Ajeéerl ékl é& Normalize Karar Matri si
veri |l Kl kftiiyat , K2: boyut , K3: kull aném kol ayl €
°czellikleri, K6 : modl ar, K7: parametre geni KI i
K10: ka-ak kompanzasyon, K11: badn arya, Ki12: al
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kekiAlj 2.1 ekl & Normalize Karar Matrisi
Aguwlikh Normalize Karar Matrisi
Agrlilar 0,068 0007 | 0050 | 0147 | 0020 | 0,105 | 0018 | 0020 | 0.008 | 0156 | 015 | 015
Ki | KB K [K K K7 K8 K9 K0 [Kil K2

Al 2190 0065 | 3036 | 8092 | 1133 | 3663 | 1283 | 1090 | 4861 | 10376 | 3926 | 8701

A 30 0263 | 2420 | 3664 | 1133 | 4247 | 0237 | 0136 | 4861 | 4231 | 9814 | 9890

A3 4380 0353 | L318 | 7283 | 0807 | 7079 | LIST | 1362 | 4861 | 7403 | 7832 | 43%

A 2608 041 | 2400 | 4833 | 0433 | 2832 | 0314 | 0272 | 4861 | 6346 | 3889 | 2198

A 1732 0176 | 1215 | 6474 | 0433 | 1416 | 0237 | 0817 | 0972 | 4231 | 5889 | 6394

Normal i ze Edil mi k Karar Matrisindeki her Dbir
ve uyum ve uyumsuzluk setl eri ol ukturul muktur.
indeksleri hesaplanenk t & r .

6 QaB. 0Q (5.1)

Uyumsuzluk indeksleri ise, kei t | i k 5.2 Ve uyumsuzl uk set
hesapl anméext ér . El de edilen indeksler il e uydt
Ol ukturul an mat r ioglterliantar ée lad manmrlaa&kr éunnyéunm ve Uy
bul unmuktur . Daha sonra matri sl erdeki her bir
uyumsuzl uk st eéenl ¢k matri sl eri el de edil mi kKt
uyumsuzl uk k4B dodepemnk bHhéeépaplanméktér. EIlde ed
toplam ¢stenl ¢k matrisi el de edil mi ktir. El de

0Qa - (5.2)

kelBi.l Uyum, Uyumsuzl uk Ve Toplam | ste¢gnl ¢k Matri

MY © cCort DY) (=] DDt SONUC
C(1,.2) 0,62 u C1,2) 0,39 1 1|ENVET
C(1.3) 0,563 u C1.3) 0,43 1 1|ENVET
T3] 0,77 ul Dx1,3) 0,12 1 1|EWVET
C(1,5) 0,843 1 D1,5) 0,08 1 1|ENVET
Cr2,1) 0,50 ul D2,1) 0,61 o O|HAYIR
C(2.3) 0,48 u 2.3} 0,55 0 O|HAYIR
C(2,43) 0,80 ul D 2,4) 0,15 1 1|EWVET
C(2,5) 0,85 1 D2,5) 0,08 1 1|ENVET
C(3.1) 0,45 o C3,1) 0,57 0 Oo|HAYIR
C(3.2) 0,62 u 3. 2) 0,45 1 1|ENVET
C(3,43) 0,93 ul O 5,4) 0,06 1 1|EWVET
C(3,5) 0,83 ul 3,5} 0,1 1 1|ENVET
Ci(4.1) 0,33 o C42. 1) 0,88 0 O|HAYIR
T, 2) 0,35 o D2, 2) 0,85 0 O|HAYIR
C(3,3) 0,15 o D <3,3) 0,93 0 O|HAYIR
C[3,5) 0,68 ul D3,5) o, 1 1|ENVET
C(5.1) 0,16 o 5.1} 0,88 0 O|HAYIR
C(5,2) 0,349 o D(5.,2) 0,92 o o|HAYIR
C(5,3) 0,16 o 5,3} 0,2 o O|HAYIR
C(5.4) 0,50 u C5,4) 0,36 1 1|ENVET
En son net uyum ve uyumsuzluk indeksl eri e Ki
onB y onQB ; 0 Qn (5.3) 0On
B ; OB ; 0Qf (5.4)
El de edilen indeks dejerl eri net uyum i ndek:
i ndeksl eri k¢-¢kten begyeéegje séralanarak ni hai S
40te verilmixktir.
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kekil 4. Netej@yudumrKndeNkes Dyumsuzl uk Kndeksl eri

Cp Dp

Al 1,43 -1,82

A2 0,68 -1,22

A3 1,42 -1,64

A4 -1,50 2,38

A5 -2,03 2,4

Cp'ye gore nihai | Dp'ye gdre nihai

siralama siralama

Al 1 1

A 3 3

A3 2 2

A4 4 4

AS 5 5
TOPSIS y°nteminin ilk ¢- akamasé ELECTRE t e
Ajérl ékl andéerel mék Normalize Standart Matrsi e
Normalize Standart Matrsi nden f aydal anél arak pozitif i deal
belirlenir. Bu dejerler her bir s¢gtundaki en by
i deal -%z¢m dejeri) belirl ener ek ibdudauln u-r° z ¢kne k

dejerleri g°sterilmicktir.
kekil 5. Pozitif Ve Negatif Kdeal ¢t°z¢m Dejer

Pozitif ve Negatif Ideal Céziimler

ideal Ciiziim 4.380 0441 | 3036 [ 8092 1135 7079 1285 15362]4861)10.376] 9814 2820

Negati.fidea.l . - -
Ciiziim L.722 0.176 | 1213 4.833) 0433 1416] 0237)0,136| 0.972] 4231) 3.924) 2,198
Pozitif ve negatif ideal -%z¢m dejerl erinder
negatif ideal noktal ara ol a:monuwzcak | elkd e r e chielserp |
kekil 66da yer al maktadeér.
Y B 07QQQ (5.5)
Y B 0'QQQ (5.6)

kekiPloz6.ti f Ve Negatif Kdeal Nokt al ara Ol an Uza

Pozitif ve Negatif Ideal Nolktalara Uzakhklar
51 POZITIF= | 63541 |S1NEGATIF= |11.547
S2 POZITIF= | 7610 |[S2 NEGATIF= |11.075
S31POZITIF= | 6366 |S3NEGATIF= | 2441
S4 POZITIF= | 11255 |S4 NEGATIF= | 5277
S5 POZITIF= | 11335 |S5NEGATIF= | 5124

Pozitif ve negatifkliadealvenekital akaboVaekiutzh

-%z¢me g°receli yakéenl ekl ar hesaplanméxt ér .
o’ : (5.7)
Bu i kKlemler sonucunda ideal -%z¢me gPreceli

séral amasénlée vezagnxtgor e Kaelleia yakénl ék ve ni hai
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kekil 7. Kdeal ¢°z¢;me G°receli Yakénl ék
ideal Cdziime Gareceli Yakinhk
Al 0,638 1
A2 0,593 2
Al 0584 3
Ad 0,319 4
AS 0,311 3

4. SONU¢ VE TARTI kMA
ELECTRE ve TOPSI S yentemleriHeirl ekikiy°ayeel

yapeélan séralama sonucunda Al ventilat®°r <cihaz
karar matrisine bakeél déjéeénda birinci sérada o
hizmetin en iyi ola&inj eere dletkenri tkatizfel dii kka Dll amr d&n

¢al ékmaya farklée meslek gruplarénén fikirle
faydanéel arak daha objektif bir karar si st emi

se-imine etki bedienl!| &mmitetril re. Bu kriterler ¢ KK
ventilat®°r se-iminde kullanél méxter.

Son ol arak bu -al ékma AHP, TOPSIS ve ELECTRI
se-imi i-in uygun ol dujunu g°stermektedir.

Gel ecek - al e ktmaad mir d & i h & zalra&krl é&n se- i mi bakka
ger-eklextirilebilir, -al ékma alané geni«kl et]
deji ktijinde sonuca nasél etki ettifini gzl eml
hastande ayné grup il e pandemi s¢reci sonraseén da
ci hazlarda dejikiklik -bbupaotdemdéjaéana bankata

etkisi yorumlanabilir.
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¥zet

kehirlerde yakayan insan n¢gfusu artték-a kat
gel mi kat ekl Kata@ toplanmaséendan, depol anmaséna
bir -al ékma al ané ol ukturmaktadeéer . Knsanoj |l u
s¢rdereglebilir katée atek y°%°neti mi °neml i bir K
atéek y°netim keklIl: vardeér. Bunl ardan en -ok te
al anl ar é ol uktur makt éer . ¥zellikle i1l kemi zde

ol ukturul masé yerel y°netimleritdepbEBEamhanaPanlkld
atéekl areéen uygun bir kKekil de ger i kazanéména
T¢e¢rkiyebddeki at ék kar akthérbiln & thdkeéelkkEesjmEmEa, oy a
ol ukt uj u, geriye kal ark, kéneméan amballigje,r daner tpl
yapeélan -al ékmal ar ve raporlarda tespit edil mi
bir Kekilde g°m¢gl ¢p éstegnegn kapanmasé prensi bi
ortamda boxvel md&pemgazé denen son ¢r¢éegne do°ngkmes
bakéméndan doj al gaz ile benzekmektedir ve eko
merkez il-e se-ilmiktir. ¢orum merkez il-e 20
221 yélenda da d¢gzenli depol ama al anéené faaliy
bir depol ama alané kurul muk ol sayde, 2021 yel
hesapl anmaseé Ve ekonomi k karkéel eéjemenél enadse] e
ama-|l anméxkter . Bi yogaz mi kluaddfil SasEmissiers dpdela ma k i -
Version 3.0 mat emat i kK2R 1mgd@e¢ll iarkularasenmak t¢®

2
i -erisinde ¢retilen aték makkear | diamfill GEEKIK ver i
Emissions Model, Version 3.02 modeliile 26D 21 vy él | ar é& arasénda yakl
bi yogaz olukabileceji tespit edil mikti--s. Doj al
2021 vyeéllaré aragmrkdaréeharnagalk| bkgkhgaod ar ak 65
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ekdejeri ol duju ve yatérem maliyeti dekel degg
sajl ayabileceji hesapl anméexkt eéer .
Anahtar Kelimeler: ¢ ° p Gazé, Ekonomi k Dejer, Geri Kazaneéer

Investigation of the Ecmnomic Contribution of the Landfill Gas Generated in the
Landfils: The Exampl e of <¢orum Province

Abstract

As population in cities increase, solid waste management has become very important issue.
As humanity continues to live on earth, waste managewiirstay as essential topic. There are
many waste management methods. The most preferred one of them is landfill areas. Especially in
our country, in the last 20 years, the creation of landfills has become a priority by local
governments. Landfill areag&ble to recovery and recycling of municipal solid waste in proper
way. When waste properties in turkey consider, it has been determined in the studies and reports
that approximately 585% of it consists of organic wastes, and the remaining part cookists
packaging, glass, plastic, metal and other inert wastes. Landfills are operated on the principle of
gradually burying and covering the waste. This process leads to organic wastes to decompose in
an airless environment and turn into a final product ddfedfill gas. Landfill gas is similar to
natural gas in terms of properties and has economic value. In this study, it is aimed to calculate
the amount of biogas to be obtained until 2021 if a landfill area was established in 2004 and to
compare its ecomoic value with the equivalent amount of natural gas. LandGE&Ndfill Gas
Emissions Model, Version 3.02 mathematical model was used to calculate the amount of biogas.
With the LandGEM- Landfill Gas Emissions Model, Version 3.02 model, it has been diekedm
that approximately 128 million m3 of biogas can be transformed between the yeaiz02004
Considering that natural gas is imported, it has been calculated that the amount of biogas that can
be generated between 26Pd@21 is approximately 65 milliom3 of natural gas equivalent, and
it can provide an estimated 85 million TL contribution when the investment cost is deducted.

Keywords: Landfill Gas, Economic Value, LandGEM

1. GKRKK

Knsan n¢gfusunun ve kKehirl ekmenin artmaseénda
artmaktadér At ekl ar ¢reti m, end¢gstriyel ve kel
dayanékl e ve dayanékl & ol mayaa pakeharbblg, camvdo ah- e a
met al atéklaré olarak tanémlanérl ar. Séveée ateék
biyolojik proseslerden olukmaktadeéer. Aték y°ne
kérsal alan,vgeehedgsmrbyel makeanl ar i -in deji kil
el de et mek i K1 e mi atején yeni den kull anémeé,
gel mektedir. Kate ateéjeéen ham maddesinin yenid
don¢kdgjedg ¢tbidr - ok farkl & y°ntem varder. Fi zi ksel
bir s¢r¢e yeni y°ntem atéjén tekrar kull anémée v

Kateée atek y°netimi d¢gnyadaki ewanmélngdiak-ekvieci
t¢ketim al ékkanl ekl aréendaki deji ki klikler kateé
zamanda ateéjéen geri kazanéméené i-ermektedir. A
kapsayabil mektedir evnel ehreri luez nealned na Ifdaéjkd ébiyr® nal &
ayré bir kKekilde toplanmaktadér. Yapélan ar akt ¢
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el ektrik, dojal gaz ve su sekt®or¢ ile birbirine
2009,.Di j kema vd., 2000; Kan, 2009; Kurnaz ve ¢Cal &

At ek ve aték y°neti mi alanéndaki ejitim ve
K a-ésé ile -0k °nemlidir. S ErmeEenr ¢ 1 ebi
rak -evreye bérakélan késménén azal mas
I r
I
I

Q =

e uzak alanlara gelikig¢zel berakéel
arak sorunl auvwal seepl|l @l abimakmekt edi r -
tevreyi kirleten ve insan
[ gerekmektedir. Knsanl aré e
sevikeyeid¢kler meat ké sajl aya
i mi , hava, su ve toprak kirl:
| aréna sebep ol abil mektedir (¢tardak,
Sidur, 2010; Tatle, 2009) .

Bir-ok kateée aték y°netim kekli vardér. Bunl a
d¢zenl i de | ama al anlaré ol ukturmakter. ¥zell
al anl aréene ol ukt urrafl @aracda&n y%emedl!| iyl ntealiind e rgdlami
al anl ar k € ateéeklaréen uygun bir kKekilde geri
T¢e¢rkiyedde atek karakHevlndk bakéelkéasmeméa, oy g
olukgejruye kalan késmén ambal aj, cam, pl asti k,

- a
| d
bo

n<oo—~+!' O T
o "9 ® © N
—-—n <
M
o
(o]
-

- 3 X

po
n
at
K i
yapeél an | ékmal ar ve raporlarda tespit edil mi

bir Keki
ort amda

gemel ¢p é¢steéenegn kapd&nmaseek | mrr eems ihbai

|l maséna ve -°p gazé denen son ¢r¢én

e
zu

gazée d¢zenldii depol ama alanéndaki k at
p o455 QR 2é %B5 @ z0H bi | e wdntetareomayan hi dr o]
Ki klerden olukmaktadéer (Themelis vd.
sek metan i-erijinden dolayé yenilen

i mi hem de odreairfjui ain-liameéemmiar gyed kmeetk t kealyi

Buge¢nl erde enerji temini ve enerjinin g¢gvenl
yanénda hem déka bajl é enerji hem c
¢t aemlak dodepol ama alanlaréné y°net mek
pol ama al anlarénda belediye kateée ate
2016 yélenén sonunda d¢gzenlsi depol ai
n

X D D M
S5 35
o]

d¢ z

ol arak hesapl anméxkteéer. Ancak bu karg

o
O-ZQ.Q_C(DI

isnhde ol duk-a azder (Kale ve G°k-ek,
Kl eml er ve mat emat ilhektedr Matenthtikéel v a k|1 a Kk
ge-mi kK ve gelecek gaz tahmini il e ga
e deponi gazénén miktaréné tahmin et
a Li

< o W™
ST T ot oK T o3

<D< T D®D® — OO —

kull amwmare!| sa@gyés&z i mal enmati kse

- QO S5 X 01
— X D®Dd® Do

L »n =

é

ell erin bazélareée GasSim (Majdina
6) , LandGEM( Ayodel e vd. , 2018 Y%
r
d
[

~x-rgaaonNno
cCD®D 0D MO

r
m
Das d. , 2
2014) olarak belirtilm k
reaksiyonl a
az hata ver

)

Yapéel an -al exmal ar vV e sonu
r an al énan tahmin sonu-1I|arénén s¢
d ni gestermi ktir (AmMini vd., 201

Bu -al ékma i-in ¢or unm mmemekrekze zi li-le es e2-0i0l4mi ykét| i
de°n¢kKegmegneg tamaml amék, 2021 yeéelénda da biyokg¢t |
-al éxkxmada, ejer 2004 yélénda bir depol ama al ané
bi yogaz mi k hana & @ & nv e h eeskaopnl oami k karkél é]f éneén e K

karkeéel akt érél mase ama-|lanméxkt ér . -BndjiloGagaz mi kt a
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Emi ssi ons Model, Version 3.02 -2ma2kmpél kaeé¢ aod
¢corum mérlei-erisinde ¢retilen aték miktarl ar é
2. MATERYAL VE METOD
2.1. ¢caleéekma Al anén Se-il mesi
¢corum il i ; Orta Karadeni z B°Oo¢f meidnae, nAma-s ylkaé s
géeneyde Yozgat, bat &kdiz etyadmolj eurdéa, Skawnzsaiynd e gSinreo/b,a
-evrilidir. Y¢zo200-2,0mey €112e. 8 2t0i bkam]é&ydliar .299. 315 ki
22.LandGEM-Landf i | | Gas Emissions Matemati ksel Y°n
¢C°p depol ama sahal ar énda o6onéun akbu Il leacnedke Jbé yloag
simgl asyon programé ile tahmin edilebil mektedi
olukabil ecek biyogaz miktaréenée belirlemek i-in
n 1
Qcms= > > kLo(Mi/10) ™
1 jooil
Burada;

QCHsi= Hesaplanan yé&lyek metan miktareé m

i = 1 yeéeldaki arteéecx

n = Hesaplanacak yeél il e baklange- yéleée ar a

i = 0,1 yellék zaman i-erisindeki arteéecx

k = Metan ¢retim orané (yeéell ek)

Lo = Potansiyel metorgn ¢retim kapasitesi (m

Mi = Herhangi bimi kytédrdéa (btoxkm)l t €l an at ék

ti] = Atéjén bokaltéldeje yeéel i -erisindeki
3. BULGULAR

¢°p toplama sahal arénda olukabil ecek Dbiyoge
atéek miktarénén bilinmesi gerekmektedir. Bu or
bi yogaz tahmini yapéel abilir. &amédi |smenkr aik-ii ny étl d
yapél acak yélén o il veya b°lge i-in n¢gfus bil
il -eni2ZMW220041 | aré araséendaki ngfus bilgileri v
i statistik verileter kubhdGEMmanattéermat Bhsealer dep
programénén ara y¢zende kekil 1 de g°steril mi kK
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keki¢orlum mer k e2z0 2ill -yeé 12004 arasée ateéek mikt

programénda g°steril mesi
LandGEM progr amé t aroalfuéknadbai nl eycaepké | daenp cannia | gi azz &

ol arak kekil 26 de g°sterilmicktir.

keki¢or2Zum mer k e2z0 2ill -yeé |12 ®04 arasé ol ukabile

mi ktarl ar é

D¢zenli depol ama
i -erisindeki deji ki mi

sahaséndan ol ukaclark deponi
Kekil 306te g°steril mikt.i
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