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Cimento Pastasinin Daha Iyi Siirdiirtilebilir Insaat
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TR-10, Mersin, Turkey

(Gelig/Received : 27.11.2017 ; Kabul/Accepted : 02.03.2018)
oz
Mermer eski uygarliklardan beri kullanilan bir insaat malzemesidir. Insaat sektériiniin diinya genelinde ciddi gevre tahribatina
neden olan atik malzemelerin etkin kullanimi iizerinde durmasi gerekmektedir. Cimentolu kompozitlerin yapilari mikro, mezo ve
makro seviyede siniflandirilmaktadir. Cimento matrisinin yiiksek sicaklarda sicakligin artmasiyla fiziksel ve mekanik 6zellikleri
makro diizeyde azalma egiliminde olmaktadir, kompozitlerin i¢ yapilart bozulmakta ve sonrasinda mikro ve mezo diizeyde
bozulmalar meydana gelmektedir. Yiiksek sicakliklarin ¢imentolu kompozitlerinin fiziksel ve mekanik yonden bozulma
mekanizmalarin1 anlamamiz ve ¢imento matrisinin fiziksel ve mekanik 6zelliklerindeki bu degisimleri iyi algilamamiz agisindan
6nemlidir. Mermer tozu 80 % olan sertlesmis ¢imento pastasinda yiiksek sicaklik altinda dayanim kayb1 28-giinliik kompozitlerde
81 %, mermer tozu 60 % olan sertlesmis ¢imento pastasinda ise bu kayip artarak 84 %’e ulagsmustir. Yapilan ¢aligma sonucunda

300 °C’nin mermer tozlu ¢imento pastasi kompozitlerin igin optimum sicaklik oldugu diisiiniilmektedir. Calisma, bu sicaklik
iizerine ¢ikildiginda fiziksel ve mekanik 6zelliklerin olumsuz etkilendigi goriilmiistiir.

Anahtar Kelimeler: Mermer, yiiksek sicaklik, dayanim, pasta, bozulma.

Effects of Elevated Temperature for the Marble
Cement Paste Products for Better Sustainable
Construction

ABSTRACT

Marble has been effectively used as a building material since the early civilization. The construction sector needs to effectively
utilize wastes that cause serious environmental problems around the world. Structure of cementitious composites can be classified
into micro, meso, and macro levels. For cementitious matrix subjected to high temperature, with the increase in temperature,
physical and mechanical properties tend to decrease at macro-level, internal structures deteriorate, and micro-defects develop at
micro and meso-levels. Studying the physical and mechanical properties of cementitious matrix at elevated temperature helps us
understand the mechanisms of such deterioration or reduction in both physical and mechanical properties. At elevated temperature,
the compressive strength loss of hardened cement paste composites comprising 80% of marble dust was 81% at the end of 28-day
curing period, and the reduction increased to 84% for the hardened cement paste composites comprising 60% of marble dust. Its
seems that 300 °C was optimum temperature for hardened marble cement paste composites in that physical and mechanical
properties above this level were adversely affected.

Keywords: marble, high temperature, strength, paste, deterioration.

1. INTRODUCTION

Sustainability has been an important issue since ancient
times. However, nowadays, the sustainability is
considered much more in the manufacturing and use of
natural resources, which are required for human beings.
Strategic long-term plan on waste management needs to
consider the ethical, environmental, and global issues in
order to improve the quality of human life [1]. The
introduction of the concept of “sustainability” in the

*Sorumlu Yazar (Corresponding Author)
e-posta : eraydin@eul.edu.tr

building sector has gradually led to the production of
insulation products made of natural or recycled material.
Some of them are already present in the market while
others are still at an early stage of production or study.
These approaches could be particularly important and
useful in developing countries, which do not have well-
defined recycling policies, and they are affected by
disposal issues due to large quantities of agricultural and
industrial by-products [2].

The disposal problem of industrial wastes due to the
growing construction sector has been pressuring the
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world leaders to consider the implementation of new
sustainability strategies to reduce environmental effect of
such wastes. The improvement in the recycling rate of
industrial wastes, increased landfill taxes, and site waste
utilization based on guidelines and code of practice are
such examples. Additionally, the waste can be treated or
managed on site to allow the concrete producers use
those wastes efficiently to improve the green building
technologies [3].

The positive implementation of new sustainability
strategies, especially on site, can support the sustainable
development of the construction sector, which uses 20-
25% of annual world energy during the production of
cement, plastic, and steel. During the production of
concrete, approximately 1.5 billion tons of cement, 1
billion tons of water, and 10 billion of fine and coarse
aggregates are being used annually around the world [5].
The concrete annual production has reached 25 billion
tons. China and India are the top-ranking countries for
such production, responsible for approximately 50% of
the world production and thus for the waste production
[5].

However, rapid urbanization and customers’
expectations and desires have affected the construction
sector. To successfully implement the sustainability
strategies, concrete producers and institutions should
work together. At this time, changing the current bad
scenario  (continuous COz emission) in building
construction to a sustainable solution does not seem to be
a pessimistic approach. More research needs to be
conducted to show that “concrete is an environmentally
friendly material” that can be manufactured using large
amount of industrial wastes, such as marble powder, fly
ash, bottom ash, coconut husk ash, rice husk ash, and
various fibers [6-9].

During the production of the marble cutting and shaping,
a powder in slurry form of marble accumulates near the
plant. Current studies have proven that if those marble
powders are collected and utilized for concreting
purposes, the physical and mechanical properties of the
final products can be improved. The two different forms
of wastes, i.e., fine materials of less than 2 mm and large
marble particulates especially in granular forms, are
produced during manufacturing process. During cutting
operation of one cubic meter of marble block, roughly
25% of fine particles are produced as wastes. This is the
main reason for trying to find a sustainable solution to
this problem (i.e. waste utilization rate) [15].

Most laboratory studies evaluated the marble dust in
mortars and concrete. The effects of marble dust on
workability and strength have been compared with those
of the control samples [10-21]. Valeria and Moriconi [22]
evaluated the marble powder with very high Blaine
fineness and observed that the marble powder had
positive effect on mortar and concrete strength,
especially in self-concreting applications. Binici et al.
[11] found that the concrete composed of marble powder
has higher compressive strength compared to concrete
produced with limestone dust.

The marble powder is used in precast concrete industry
at elevated temperature and self-concrete applications.
Large numbers of precast units are produced this way.
The researches noticed that adequate curing is necessary
to prevent the secondary ettringite formation. The
scanning electron microscopy investigation showed that
pastes temperature below 105 °C form coarser calcium
silicate hydrate gel in early age compared with the same
pastes cured in water. The thickness of the calcium
silicate hydrate near the cement grains tends to increase
with increasing elevated temperature. However, the
thickness of the inner calcium silicate hydrate was denser
than its outer hydrate products for paste prepared at 80 °C
[23]. At elevated temperatures, a greater proportion of
Portlandite was found to form dense clusters, as opposed
to the more usual lamellar type morphology observed in
ambient conditions [23, 24].

The loss of water due to elevated temperature can
cause microstructural changes in concrete, such as
increase in porosity, and weaken the calcium silicate
hydrate gels. The previous findings showed that the
loss of bound water occurs around 100-300 °C,
causing the development of micro-cracks in mortar
and concretes. The strain differences in composites
due to temperature rise cause expansion, shrinking
upon cooling. The few data are available for cement
pastes at elevated temperatures [25].

The performance of the composites is said to be
durable when exposed to chemical attacks, such as
sulfates, chlorides, and acidic environment, if the
porosity is lower. However, the behavior under
elevated temperatures needs more attention to
qualities like durability. The spalling is the form of
deterioration in structures, especially the concrete,
at high temperatures. The density of concrete,
moisture content, mineral admixtures, and the rate
of temperature affect this behavior under elevated
temperatures. Thermal stress, water vaporization,
and high pore pressure are the consequences of the
elevated temperature [26].

After long-term exposure, cement paste prepared at
elevated temperature undergoes microstructural changes
leading to cracking, as the expansion causes failure of the
composites.  Physico-chemical transformation and
thermal strains are the two main phenomena that have to
be considered. It was reported that the mechanisms
involved in alkali aggregate reactions are a widespread
problem in nuclear plants and other concrete structure
[27-32]. The elevated temperature adversely affects the
compressive strength, modulus of elasticity, resistance to
abrasion, and resistance to sulfate attack, among others.

The elevated temperature affects the hardened cement
paste the consistency of which depends mostly on the
degree of hydration and available moisture. Beyond the
300 °C, the interlayer calcium silicate hydrate water and
some of the bound water from the hardened gel might be
lost. After this formation, decomposition of the Ca(OH).
begins around 500 °C and the final stage is the result of
the complete decomposition of the calcium silicate
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hydrate at 900 °C [24, 29]. As temperature increases,
water to cement ratio tends to decrease while the porosity
increases [33]. Further, the pore system in hardened
cement paste also changes with degree of hydration and
chemical changes.

Pores are created and become larger by thermal micro-
cracking as the elevated temperature increases. At
elevated temperature, porosity of cement paste increases
due to non-uniformly distributed hydration products. The
hydration products at elevated temperatures are coarser
and porous compared to those at normal temperature [24,
30]. Lower bound water content and high rate of
dissipation of water at elevated temperature cause the
formation of a coarser and more uneven hardened cement
paste (HCP) structure. Additionally, capillary suction of
water especially into the microcracks results in the
formation of a less dense matrix [23]. The hydrates are
stable at low temperatures while at higher temperatures,
they consist of destabilized water molecules. Upon self-
desiccation, the exerted force created by the chemically
bound water to the adjacent sides causes crystallization.
At high temperature, the hydrates are more crystalline
compared to those formed at lower temperatures (i.e.,
denser with low surface area). The decrease in surface
area causes more hydration with the help of physically
bound water. This can be used for better understanding
of the low and normal water-cement ratio systems. At
low water to cement ratio, the available water is
inadequate for hydration (i.e., in the case of self-
desiccation). The reduction in absorption increases the
available water for hydration [24, 33, 34].

The reduction in compressive strength at elevated
temperatures due to the quick arrangement of denser
inner hydrate products on the surface of the cement grain
resulted in a decreased hydration rate and increased
porosity. Pozzolanic materials reactions caused no
remarkable changes in the water phase distribution, but
they did bind a large portion of the accessible water
originally in the mixture through surface absorption.
Thus, the effects of pozzolans on the water phase
distribution include reducing the existing w/c ratio.
Therefore, the presence of a filler in the system initially
increased the wic ratio, and the critical effect reduced the
amount of water available for cement hydration, thereby
causing a large reduction in strength [19, 23-25].

The aim of this study was to determine the physical and
mechanical properties of pure marble cement paste at
elevated temperatures, as construction materials, to
determine the effects of marble dust in both fresh and
hardened states and minimize the environmental
pollutions for better sustainability. For this purpose,
various amounts of marble dust were used to investigate
the physical and mechanical properties of cement paste
composites at elevated temperatures. Most published
literature has dealt with mortar and concrete whereas
only limited research on marble powder in cement paste
has considered the increasing trend in sustainability.

2. MATERIALS AND METHODS

2.1. Materials

The chemical compositions and selected physical
properties of the components employed are presented in
Table 1. Ordinary Portland cement of grade 42.5 that
conforms to ASTM C150M-15 [35] was used in this
research. The Blaine fineness of the cement was 305
m?/kg, and its specific gravity was 3.15.

The marble slurry was collected from a dumpsite near a
marble processing plant. The marble slurry consisted of
powder and lumps. Before its use, the slurry was dried at
room temperature for 72 h, and the dried lumps were then
completely reduced to powder (i.e., most particles having
a diameter of less than 50 um). The specific gravity was
2.49, and the fineness of the powder was 335 m?/kg. Its
chemical composition is presented in Table 1.

Table 1. Chemical compositions of marble dust and cement

Oxide Marble dust Cement

(%) (%)
SiO, 5.1 212
Al,0; 0.5 5.1
Fe,05 0.7 25
CaO 435 64.7
MgO 14.6 09
K20 0.03 02
SO3 0.04 15
Loss on ignition 335 25

Tap water was used as the mixing and curing liquid in all
the mixtures. The water was free from deleterious
materials.

2.2. Preparation, Casting of Test Specimens and
Mixture Proportioning

Cement paste composites were mixed in a Hobart mixer
(planetary laboratory mixer MA-52X mixer type, Gilson
Company, USA) with 4.7-liter capacity. Marble dust and
cement were mixed together in dry form for 30s, and tap
water was then added to the mix. The mixtures were then
cast and consolidated by vibration for 1 min.

Table 2. Marble-cement paste composites

Group Marble Cement Water/binder Temperature(C®)
dust (%) (w/b)
(%)

G1 80 20 0.43 0
G1.1 80 20 0.43 300
G1.2 80 20 0.43 600
G1.3 80 20 0.43 900
Gl.4 80 20 0.43 1050

G2 60 40 0.43 0
G2.1 60 40 0.43 300
G2.2 60 40 0.43 600
G2.3 60 40 0.43 900
G2.4 60 40 0.43 1050
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Figure 1. (a) Flow Table Test

Specimens were extracted from the molds after 1 to 2
days and kept in a curing room at 20 = 1°C and 70%
relative humidity for the entire curing period until testing
(at 28 days). Two different mix groups were prepared,
first group (G1) comprised marble dust (80%) and
cement (20%), and the second group was prepared by
mixing 60% of marble dust and 40% Portland cement.
The water/binder (w/b) was fixed at 0.43 to achieve the
required slump for both groups.

Each group was tested at different temperatures (Control
(0 C°, room temperature), 300 C°, 600 C°, 900 C°, and
1050 C°) using high temperature oven and tested for
water absorption (WA), density, and compressive
strength.

Workabilities of specimens were determined using a flow
table and mini slump cone tests according to ASTM
C230M-14 [36] and WK27311-10 [37], respectively.
Dry bulk density and WA experiments were performed
according to ASTM C127-15 [38]. A fresh sample was
placed in the conical shape mold in three equal layers,
and each layer was tamped 25 times. The mold was
removed, and then the table was lifted and dropped 15
times, each cycle taking approximately 4 sec. As a result,
the fresh paste spread, and the maximum spread parallel
to the two edges of the table was measured as the flow
table. For the mini slump test, the same procedure from
the slump test was applied to a fresh sample. The drop in
height was reported as the mini slump value.

Cubic 50-mm molds were used for unconfined
compressive strength (UCS) tests and 40-mm x 40-mm X
160-mm prismatic molds for flexural strength (FS). UCS
and FS tests conforming to ASTM C109M-13e1 [39] and
ASTM C348-14 [40], respectively, were conducted. A
third point loading test was carried out for flexural
strength test. The mixture proportioning and elevated
temperature regime of the mixture groups are presented
in Table 2. Six samples were used for each test and
average used in Tables and Figures.

The flow table test, mini slump test and preparation of
fresh marble-cement paste mixture composites are shown
in Fig. 1a, Fig. 1b and Fig. 2, respectively

(b) Mini slump test for fresh composites

Figure 2. Preparation of fresh marble-cement paste mixture
composites

3. RESULTS AND DISCUSSION

The fresh unit weight, flow table and inverted slump test
results for cement paste composites are presented in
Table 3.

Table 3. Fresh unit weight, flow table and inverted slump
for marble cement paste composites

Group. No Fresh Unit eight Flow Table (cm) Invertec
(kg/m®)

Gl 1745 13.00
Gl.1 1745 14.00
G1.2 1745 13.00
Gl.3 1745 13.00
Gl4 1745 14.00

G2 1723 16.00
G2.1 1723 16.00
G2.2 1723 15.50
G2.3 1723 15.00
G2.4 1723 16.00
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Water content is a key factor affecting the fresh
properties. It should be noted that the relationship
between slump and water content for a given set of
materials is nonlinearly proportional [33, 41]. Since the
slump affects the ease with which the mixture will flow
during placement, most mix design procedures rely on
slump as a crude index of workability [41]. The hardened
marble-cement paste composites after elevated
temperature are shown in Figure 3. The dry unit mass
(DUM) before and after elevated temperature for marble
cement paste composites are presented in Table 4.

Figure 3. Hardened marble cement composites after elevated
temperature

Table 4. Dry Unit mass for marble cement paste composites
for before and after elevated temperature

Group Dry Unit Mass Dry Unit Elevated
Name (kg/m®) before  Mass (kg/m®)  temperature(
elevated after elevated C°)
temperature temperature
1350 1350 0
Gl.1 1332 1304 300
G1.2 1260 1116 600
G1.3 1376 1145 900
Gl4 1292 844 1050
G2 1316 1316 0
G2.1 1394 1206 300
G2.2 1270 1190 600
G2.3 1476 1170 900
G2.4 1313 861 1050

The reductions in DUM values were calculated as 2.1%,
11.4%, 16.8%, and 34.7% for G1 and 8.4%, 9.6%,
11.1%, and 34.6% for G2 at 300°C, 600°C, 900°C, and
1050°C, respectively, when comparing the initial and
elevated temperatures.

The DUM of G1 was 1350 kg/m? at 0 C° but decreased
to 844 kg/m® at 1050C°. The mass loss by the elevated
temperature was non-linear. The cement paste
composites comprised various sizes of connected and
disconnected pores. The mixture proportions affected the

pore size distribution, and the use of marble dust or other
supplementary cementious materials led to a formation
of the densified matrix and pore size refinement. The
highest mass loss reported in mixture groups at 1050 C°.
This is due to the loss of free combined water which was
removed around 1000 C°. Water that remains in small
pores is difficult to remove. When temperature increases,
the mass loss occurs in three stages, drying, evaporation,
and decompostion. The increase in dry unit mass in G1.3
is due to water absoprtion value. The increase in porosity
of paste, which absorbs readily available water, leads to
the formation of more hydration products. The rate of
water loss from hardened cement paste due to the
increasing  elevated  temperature  affects  the
surface/volume ratio of the structure. Higher loss of
water from the final composite can cause a reduction in
its dry unit mass. Increasing elevated temperature
reduces the particle surface area of the cement-marble
composites, which can cause weakening of the interface
bond at high temperatures. This can cause a reduction in
the DUM values at elevated temperature [23, 30]. A
DUM value of the final composites indicates that the
final composites are in the range of lightweight concrete.
This lightweight composite with dry unit mass ranging
between 1210 — 1670 kg/m? is quite lower compared to
those of conventional construction materials, promising
beneficial outcomes in terms of construction costs and
earthquake safety. The final product can be used
satisfactorily in the manufacturing of lightweight
aggregates and semi-isolating materials. Based on the
DUM values of mix groups, the final composites can be
used satisfactorily in manufacturing of aerated
composites. Density of aerated composites varies from
300 to 2100 kg/mé. They are widely used in the
manufacture of lightweight concrete wall panels, the
manufacture of light commercial structures and
residential houses [41, 42]. The air-void system of the
HCP was found perform better. The water absorption test
results for marble cement paste composites is presented
in Fig. 4.

45
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Elevated Temperature °C

Figure 4. Water Absorption values of marble cement paste
composites

The increases in WA values were calculated as 8.7%,
13.3%, 19.5%, and 23.1% for G1 and 8.2%, 13.3%,
22.3%, and 32.2% for G2 at 300°C, 600°C, 900°C, and
1050°C, respectively, when comparing with initial and
elevated temperatures.
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Reduction of marble dust decreases water absorption due
to amount of cement particles, which helps increase the
degree of hydration and thus the rate of calcium silicate
gel that fills the voids and prevents or reduces water
absorption. From the result of experiment for mixture
proportion 2, which are shown in Fig.4, it can be clearly
observed by increasing elevated temperature the water
absorption rate dramatically reduced.

For G1, the water absorption increased from 32.77% to
40.34% by increasing room temperature (21 C° -23 C°)
to 1050 C°. For the same temperature, water absorption
rate increased from 30.17% to 39.87% for G2. WA
values of HCP composites increased with elevated
temperature for all slump classes. This could be due to
the increased porosity of hardened cement paste and
microstructural changes of the hydrated paste upon
heating [23]. A water absorption property is also related
to the bonding capability of the matrix, which diminished
over time when in contact with elevated temperature.
Evaporation of water causes the emptying of pores of the
matrix and shrinkage due to the elevated temperature.
Additionally, loss of water molecules in hardened cement
paste, which adheres to the angular cement grains before
elevated temperature, increases the WA values.
Increasing temperature weakens the matrix bond. The
distance between the atomic molecules of cement grains
and mineral admixtures in the matrix increases, and many
capillary channels develop throughout the surrounding
structure, and as a result of this phenomenon, WA values
increases.

The various types of water are readily lost due to
increasing temperature of cement paste composites. The
breakage of the bond between the matrixes can increase
WA. The compressive strength test results at 28-days for
various elevated temperatures are shown in Fig.5. The
highest compressive strength value in Group 1 (G1) was
5.2 MPa, which contained 80% of marble dust, while the
highest value in group 2 (G2) was 7.4 MPa, which
contained 60% of marble dust. This means that by
reducing marble dust for the same paste volume,
compressive strength is reduced. The compressive
strength for group (G1.2) at 300 C° was 3.7 Mpa, which
decreased to 1 MPa at 1050 C°. The results indicate that
by increasing the elevated temperature, the compressive
strength decreased.

7 4 EGl MG2

Compressive Strength (MPa)

0 300 600 900 1050

Elevated Temperature °C

Figure 5. Compressive strength of marble cement paste
composites

The reductions in compressive strength values were
calculated as 28.8%, 48.1%, 61.5%, and 80.8% for G1
and 24.3%, 56.8%, 70.3%, and 83.8% for G2 at 300°C,
600°C, 900°C, and 1050°C, respectively, when
comparing the initial and elevated temperatures.

The increase in temperature is associated with strength
loss, which can be minimized by using finer grain size
distribution. The coarser grain size can cause particle
damage at high temperatures, especially above 600 C°.
The weakening of the cement paste bond due to increased
porosity, breakdown of the calcium silicate hydrate gels,
and microstructural modification are the main reasons for
such a decrease at elevated temperature. Generally, the
marble cement paste composites seem to be more stable
at around 300 C° and above this temperature, the
weakening starts by collapsing of the interparticular
bonds, thus decreasing the strength. Comparable results
have been reported in literature [24-28, 41]. Water to
cement ratio does not seem to affect the decrease in
strength. Some research has shown that water to cement
ratio has little effect up to 600 C°. Compressive strength
tests results showed that marble cement paste composites
have adequate strength for the use in low to medium
technology applications, such as in manufacturing of
bricks, tiles, road bases, and structural fill applications.
For structural fill applications, the required minimum
compressive strength may vary from 0.7 MPato 8.3 MPa
[43]. The flexural strength test results at 28-days for
various elevated temperatures are shown in Fig.6.
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Figure 6. Flexural strength of marble cement paste composites

The reductions in flexural strength values were
calculated as 35.1%, 56.8%, 60.4%, and 69.4% for G1
and 5.4% 20.4%, 46.9%, and 82.3% for G2 at 300°C,
600°C, 900°C, and 1050°C, respectively, when
comparing the initial and elevated temperatures.

Based on the flexural strength (FS) test results, behavior
similar to that in UCS was observed. FS values increased
with temperature increasing up to 300 °C and then
decreased upon elevated temperature. The porosity is
higher at higher temperatures, which reduces the FS of
the cement paste. The marble dust influenced the degree
of strength loss [24, 44].

Final composites meet the requirements for performance,
cost, and practicability, and they can satisfactorily be
used for different civil engineering purposes [45-51].
Extra calcium hydrate is formed due to the addition of
marble powder. Higher marble dust replacement

264



EFFECTS OF ELEVATED TEMPERATURE FOR THE MARBLE CEMENT PASTE PRODUCT ... Politeknik Dergisi, 2019; 22 (2) : 259-267

percentage is associated with decreased reduction of
calcium hydrate content. At elevated curing
temperatures, the calcium hydrate reduction reaches a
very high level in a short time. From the strength point of
view, the binder ratio (i.e., cementitious material amount
in paste) porosity relation is undoubtedly the most
important factor. The strength of the matrix improves
significantly at very low water/cement ratios, and the size
of Ca(OH), crystals becomes smaller with decreasing
water/cement ratios [24, 41].

4. CONCLUSIONS AND RECOMMENDATIONS

The compressive strength of marble-cement paste
composites used in this study is very low. The marble
wastes obtained from the factory was directly used
without any treatment. The study considered the use of
marble waste as controlled-low strength applications.
The growing attractiveness of using environmentally
friendly, low-cost, lightweight construction materials
conveys the need to examine how this can be attained by
promoting environmental issues, while still meeting the
requirements affirmed in the relevant standards. In order
to promote those novel based composites in construction
industry either testing methodology or level of
replacements mentioned in these standards need to be re-
evaluated.

1. By increasing elevated temperature, the compressive
strength of cement paste declined dramatically. This
might be due to burning calcium silicate hydrate gel,
which is responsible for bond characteristic of cement
paste.

2. DUM varies from 1260 kg/m® to 1395kg/m®. Water
absorption varies from 30.2% to 40.3%, which is
advantageous for insulation purposes.

3. Increasing elevated temperature reduced hardened
density of cement paste. Water absorption increased
from 30.17% to 39.87% due to increase in
temperature from room temperature (23+£1) C° to
1050 C°.

4. The compressive strength of cement paste was
reduced when using marble dust as a partial
replacement of cement (more than 15%). The
compressive strength increased when using marble
dust in cement paste as a partial replacement of coarse
particles. The compressive strength was reduced by
increasing elevated temperature of cement paste; the
compressive strength was 7.4 MPa in ambient
temperature (23+1) C° but decreased to 1.2 MPa in
1050 C°. This might be due to burning calcium
silicate hydrate gel, which is responsible for bond
characteristic of cement paste.

5. Lowest compressive strength value was 1 Mpa and
the highest value was 7.4 Mpa. By increasing marble
dust, it is believed that the rate of (C-S-H) gel
responsible for bonding property of cement
increased. Adding fiber  slightly increased
compressive strength of cement paste.

6. For structural fill application; required minimum
compressive strength value varies from 1.16 Mpa to
3.56 Mpa. The 28-day compressive strength values
for the final products are also adequate for those
applications. Based on the compressive strength
requirements, final products can be used for
foundation support. Additionally, final products are
adequate for low to medium technology applications,
such as road bases, manufacturing of bricks, tiles, and
ceramic applications.

7. Flexural strength varies from 0.26 Mpa to 1.47 Mpa.
By increasing marble dust and cement, the hydration
reaction processes become faster. Adding fiber to the
mixture slightly increases flexural strength.

8. Since the environmental pollution is a big problem in
the world, and one of the major sources of
environmental pollution is solid waste, to reduce this
problem as well as to improve cement paste
properties, further studies are needed to find best
optimization for durability of the marble cement paste
composites. Additionally, to better understand fresh
properties of such composites, the rheology of the
marble cement paste composites should also be
investigated.

ACKNOWLEDGEMENT

The author greatly appreciates the assistance of Mrs.
Tugce Mani, who provided some of the materials used.
The assistance of “Bogaz Endiistri ve Madencilik (BEM)
Ltd” in providing the laboratory materials is also greatly
appreciated. This research did not receive any specific
grants from any funding agency.

REFERENCES

[1] Pietrosemoli L. and Monroy C.R., “The impact of
sustainable construction and knowledge management on
sustainability goals: A review of the Venezuelan
renewable energy sector”, Renewable and Sustainable
Energy Reviews, 27: 683-691, (2013).

[2] Asdrubali F., D'Alessandro F. and Schiavoni S., “A
review of unconventional sustainable building insulation
materials”, Sustainable Materials and Technologies, 4:
1-17, (2015).

[31 LiY. Zhang X., Ding Q. and Feng Z., “Developing a
quantitative construction waste estimation model for
building construction projects”, Resources,
Conservation and Recycling, 106: 9-20, (2016).

[4] Becchio C., Corgnati S.P., Kindinis A. and Pagliolico S.,
“Improving environmental sustainability of concrete
products: Investigation on MWC thermal and mechanical
properties”, Energy and Buildings, 41(11): 1127-1134,
(2009).

[5] Ferrari G., Miyamoto M. and Ferrari A., “New
sustainable technology for recycling returned concrete”,
Construction and Building Materials, 67: 353-359,
(2014).

[6] Aydin E. and Arel H.S., “Characterization of high-
volume fly-ash cement pastes or sustainable construction

265



Ertug AYDIN /POLITEKNIK DERGISI, Politeknik Dergisi,2019;22(2):259-267

applications”, Construction and Building Materials,
157: 96-107, (2017).

[71 Aydin E., “Staple wire-reinforced high-volume fly-ash
cement paste composites”, Construction and Building
Materials, 153: 393-401, (2017).

[8] Aydin E., “Novel Coal Bottom Ash Waste Composites
for Sustainable Construction”, Construction and
Building Materials, 124: 582-588, (2016).

[9] Arel H.S. and Aydin E., "Use of Industrial and
Agricultural Wastes in Construction Concrete”, ACI
Materials Journal, 115 ( 1): 55-64, (2018).

[10] Kore S.D. and Vyas AK., “Impact of marble waste as
coarse aggregate on properties of lean cement concrete”,
Case Studies in Construction Materials, 4: 85-92,
(2016).

[11] Binici H., Kaplan H. and Yilmaz S., “Influence of marble
and lime stone dusts as additives on some mechanical
properties of concrete”, Scientific Research and Essay, 2
(9): 372-379, (2007).

[12] Kelestemur O., Yildiz S., Gokger B. and Arici E.,
“Statistical analysis for freeze-thaw resistance of cement
mortars containing marble dust and glass fiber”,
Materials and Design, 60: 548-555, (2014)

[13] Topgu 1.B., Bilir T. and Uygunoglu T., “Effect of waste
marble dust content as filler on properties of self-
compacting concrete”, Construction and Building
Materials, 23: 1947-1953, (2009).

[14] Gesoglu M., Giineyisi E., Kocabag M.E., Bayram V. and
Mermerdas K., “Fresh and hardened characteristics of
self-compacting concretes made with combined use of
marble powder, limestone filler and fly ash”,
Construction and Building Materials, 37: 160-170,
(2012).

[15] Benson C. H. and Bradshaw S., “User Guideline for Coal
Bottom Ash and Boiler Slag in Green Infrastructure
Construction”, Recycled Materials Resource Center,
University of Wisconsin-Madison, Madison, WI 53706
USA, (2011).

[16] Kirgiz M.S., “Advancements in mechanical and physical
properties for marble powder-cement composites
strengthened by nanostructured graphite particles”,
Mechanics of Materials, 92: 223-234, (2016).

[17] Alyamag¢ K.E. and Ince R., “A preliminary concrete mix
design for SCC with marble powders”, Construction and
Building Materials, 23: 1201-1210, (2009).

(S s IS ecyclability of waste marble 1n concrete

18] Arel H.S., “Recyclability of ble i
production”, Journal of Cleaner Production, 131: 179-
188, (2016).

[19] Kelestemur O., Arict E., Yildiz S. and Gokger B.,
“Performance evaluation of cement mortars containing
marble dust and glass fiber exposed to high temperature
by using Taguchi method”, Construction and Building
Materials, 60: 17-24, (2014).

[20] Ergiin A., “Effects of the usage of diatomite and waste
marble powder as partial replacement of cement on the
mechanical properties of concrete”, Construction and
Building Materials, 25: 806-812, (2011).

[21] Binici H., Shah T., Aksogan O. and Kaplan H.,
“Durability of concrete made with granite and marble as
recycle aggregates”, Journal of Materials Processing
Technology, 208: 299-308, (2008).

266

[22] Corinaldesi V. and Moriconi G., “Influence of mineral
additions on the performance of 100% recycled aggregate
concrete”, Construction and Building Materials, 23:
2869-2876, (2009).

[23] Patel H.H., Bland C.H. and Poole A.B., “The
Microstructure of Concrete Cured at Elevated
Temperatures,” Cement and Concrete Research, 25 (3):
485-490, (1999).

[24] Hewlett P.C., “Lea’s Chemistry of Cement and
Concrete,” John Wiley and Sons Inc, New York, (1988).

[25] Chan Y.N., Luo X. and Sun W., “Compressive Strength
and Pore Structure of High Performance Concrete after
Exposure to High Temperature up to 800 °C,” Cement
and Concrete Research, 30: 247-251, (2000).

[26] Mindess S. and Young J.F., “Concrete” Prentice and Hall
Inc., (1981).

[27] Arel H.S., Aydin E. and Kore S.D., “Ageing management
and life extension of concrete in nuclear power plants”,
Powder Technology, 321: 390-408, (2017).

[28] Donatello S., Kuenzel C., Palomo A. and Jiménez F.A.,
“High temperature resistance of a very high volume fly
ash cement paste”, Cement and Concrete Composites,
45: 234-242, (2014).

[29] Farage M.C.R., Sercombe J. and Galle C., “Rehydration
and Microstructure of Cement Paste after Heating at
Temperatures up to 300 °C,” Cement and Concrete
Research, 33: 1047-1056, (2003).

[30] Yin S.N.C., Luo X. and Sun W., “Effect of High
Temperature and Cooling Regimes on the Compressive
Strength and Pore Properties of High Performance
Concrete,” Construction and Building Materials, 14:
261-266, (2000).

[31] Alshamsi A.M., Alhosani K.I. and Yousri K.M,
“Hydrophobic ~ Materials, Super Plasticizer and
Microsilica Effects on Setting of Cement Pastes at
Various Temperatures,” Magazine of Concrete
Research, 49 (179): 111-115, (1997).

[32] Xiandong C. and Kirkpatrick R.J., “Effects of the
Temperature and Relative Humidity on the Structure of
C-S-H Gel,” Cement and Concrete Research, 25 (6):
1237-1245, (1995).

[33] A.M. Neville, “Properties of Concrete”, Addison Wesley
Longman Ltd, (1995).

[34] Maltais Y. and Marchand J., “Influence of Curing
Temperature on Cement Hydration and Mechanical
Strength Development of Fly Ash Mortars,” Cement and
Concrete Research, 27 (7): 1009-1020, (1997).

[35] ASTM C150/C150M., “Standard Specification for
Portland Cement”, (2015).

[36] ASTM C230/C230M., “Standard Specification for Flow
Table for Use in Tests of Hydraulic Cement”, (2014).

[37] WK27311., “New Test Method for Measurement of
Cement Paste Consistency Using a Mini-Slump Cone”,
(2010).

[38] ASTM C127, “Standard Test Method for Relative
Density (Specific Gravity) and Absorption of Coarse
Aggregate”, (2015).

[39] ASTM C109M., “Standard Test Method for

Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or [50-mm] Cube Specimens)”, (2013).



EFFECTS OF ELEVATED TEMPERATURE FOR THE MARBLE CEMENT PASTE PRODUCT ... Politeknik Dergisi, 2019; 22 (2) : 259-267

[40] ASTM C348., “Standard Test Method for Flexural

[41]

[42]

[43]

[44]

[45]

[46]

Strength of Hydraulic-Cement Mortars”, (2015).

Mehta P.K. and Monteiro P.J.M., “Microstructure,
Properties and Materials,” (2001).

Bouzoubaa N. and Fournier B., “Optimization of Fly Ash
Content in Concrete Part I: Non-Air-entrained Concrete
made without Superplasticizer,” Cement and Concrete
Research, 33: 1029-1037, (2003).

ACI 230.1R, “State of the art report on Soil cement,”
ACI Report Title No.87-M43, (1990).

Brandt A.M., “Cement Based Composites: Materials,
Mechanical Properties and Performance” E & FN
SPON, print of Chapman & Hall, (1995).

Yiiksel 1., Bilir T. and Ozkan O., “Durability of concrete
incorporating non-ground blast furnace slag and bottom
ash as fine aggregate”, Building and Environment, 42:
2651-2659, (2017).

Maio A.D., Giaccio G. and Zerbino R., “Non-Destructive
Tests for the Evaluation of Concrete Exposed to High
Temperatures”, Concrete and Aggregates, 24 (2) 58-67,
(2002).

267

[47]

(48]

[49]

[50]

[51]

Lothenbach B., Scrivener K. and Hooton R.D.,
“Supplementary cementitious materials”, Cement and
Concrete Research, 41: 217-229, (2011).

Tokyay M., “Effects of Three Turkish Fly Ashes on the
Heat of Hydration of PC-FA Pastes”, Cement and
Concrete Research, 18: 957-960, (1988).

Tokyay M., “Strength Prediction of Fly Ash Concretes by
Accelerated Testing,” Cement and Concrete Research,
29: 1737-1741, (1999).

Aruntas H.Y., Giiri M., Dayr M. and Tekin I,
“Utilization of waste marble dust as an additive in cement
production”, Materials and Design, 31 (8): 4039-4042,
(2010).

Beycioglu A., Giiltekin A., Aruntag H.Y., Gencel O.,
Dobiszewska M. and Brostow W., “Mechanical
properties of blended cements at elevated temperatures
predicted using a fuzzy logic model”, Computers and
Concrete, 20 (2): 247-255, (2017).



POLITEKNIK DERGISI

JOURNAL of POLYTECHNIC

Journal of Polytechnic
POLITEKNIK
DERGiSi

ISSN: 1302-0900 (PRINT), ISSN: 2147-9429 (ONLINE)

e CITATION
@G“' ONIVERSITESI URL: http://dergipark.gov.tr/politeknik

INDEX
‘Npexe®

Deprem tehlikesine maruz yerlesimler icgin
“Yerel Deprem Puani (YDP)” yonteminin
gelistirilmesi

Development of "Local Earthquake Score” (YDP)
method for earthquake-prone settlements

Yazar(lar) (Author(s)): Hanifi TOKGOZ', Hiiseyin BAYRAKTAR?

ORCID': 0000-0001-7277-0838
ORCID?: 0000-0002-4826-7973

Bu makaleye su sekilde atifta bulunabilirsiniz(To cite to this article): Tokgoz H., Bayraktar H., “Deprem
tehlikesine maruz yerlesimler icin “yerel deprem puani (ydp)” yonteminin gelistirilmesi”, Politeknik
Dergisi, 22(2): 269-276, (2019).

Erisim linki (To link to this article): http://dergipark.gov.tr/politeknik/archive

DOI: 10.2339/politeknik.417759


http://dergipark.gov.tr/politeknik
http://dergipark.gov.tr/politeknik/archive

Politeknik Dergisi, 2019; 22(2) :269-276 Journal of Polytechnic, 2019; 22 (2) :269-276

Deprem Tehlikesine Maruz Yerlesimler Icin “Yerel
Deprem Puani (YDP)” Yonteminin Gelistirilmesi

Arastirma Makalesi / Research Article

Hanifi TOKGOZ?!, Hiiseyin BAYRAKTAR?

Teknoloji Fakiiltesi, ingaat Miithendisligi Béliimii, Gazi Universitesi, Tiirkiye
2Kaynash Meslek Yiiksekokulu, Mimarlik ve Sehir Planlama Béliimii, Diizce Universitesi, Tiirkiye

(Gelis/Received : 28.11.2017 ; Kabul/Accepted : 10.04.2018 )
oz

Bu caligmada iilkemizde deprem tehlikesine maruz yerlesimlerde uygulanmak iizere “Yerel Deprem Puani (YDP)” yontemi
gelistirilmistir. Yerel deprem puani ile yerlesimin depreme hazirlikta mevcut durumu belirlenmektedir. Yontemde bdlgenin
depremselligi, jeolojisi, yap1 envanteri gibi teknik verilerin yaninda kurum ve kuruluslarin depreme hazirlikta farkindaliklari ve
uygulamalari, toplumun deprem tehlikesine karg1 dnlem diizeyleri gibi sosyal verilerin bir araya getirilmesiyle parametreler
olusturulmaktadir. Belirlenen parametreler farkli puan araliklarinda degerlendirilerek yerlesimin “Yerel Deprem Puani (YDP)”
hesaplanmaktadir. Yerel Deprem Puani sonucuna gore de yerlesimin deprem tehlikesine kars1 “Hazirlik Diizey Ag¢iklamasi” araligi
bulunmaktadir. Hazirlik diizey agiklamasi yerlesim yerinin depreme hazirlikta hangi durumda olabilecegi hakkinda fikir vererek
bu dogrultuda adimlarin atilmasini saglamaktadir. Calismada ayrica yontemin ¢aligmasini gosteren Kaynagl ilgesinde deprem
Oncesi ve sonrasi veriler kullanilarak karsilastirmali uygulama 6rnegine yer verilmistir.

Anahtar Kelimeler: Kaynash, Yerel Deprem Puam (YDP), deprem tehlikesi, hazirhik diizey agiklamasi.

Development of "Local Earthquake Score" (YDP)
Method For Earthquake-Prone Settlements

ABSTRACT

In this study, a "Local Earthquake Score" (YDP) method was developed to be applied in settlements subject to earthquake hazard
in our country. The local earthquake score determines the current situation in the settlement preparation stage. In addition to the
technical data such as earthquake, geology and building inventory, the parameters of the method are created by bringing together
the social data such as the awareness and applications of the institutions and organizations in preparation for earthquake and the
level of prevention against earthquake hazard of the community. The determined parameters are evaluated at different point
intervals and the "Local Earthquake Score" is calculated. According to the results of the Local Earthquake Score, there is a
"Explanatory Level Explanation” interval against the earthquake hazard of the settlement. Preparatory level explanations provide
steps to take in this direction by giving an idea of where the settlement may be in the depression preparation. In the study, a
comparative application example is given using the data before and after the earthquake in the town of Kaynasli which shows the
operation of the method.

Keywords: Kaynash, Local Earthquake Score (YDP), earthquake hazard, explanatory level explanation

1. GIRiS (INTRODUCTION) degerlendirerek deprem hakkinda arsiv bilgilere

Diinyada afetlere yonelik bircok arastirma ve calismalar ulasilmis ve belleklerin tekrar olanlari hatirlatilmasi
yapilmaktadir. Japonya, ABD gibi gelismis iilkeler afet saglanmistir. Bu sayede geg¢misten ders ¢ikarilmasi ve
oncesinde yapilacak c¢alismalara agirlik vererek afet h?l"j‘ e_ksiklerin varsa  bunlarin  diizeltilmesine
sonrasi zararlari en aza indirebilmektedirler. Yani risk ~ gidilmesinin  6nemi vurgulanmustir [1]. Canterbury
yonetimine verilen agurlik kriz yonetiminin yiikiinii depremi sonrasi direng ve siirdiiriilebilirlik tanimlarinin

hafifleterek miidahale ve iyilestirme ¢aligmalar1 daha az épe.mine deginmislerdir. Kentin riskleri {izerinden
kayip ve maliyet ile atlatilabilmektedir. gidilerek deprem sonrasi planlamalarda kullanilmak

tizere bir risk haritas tiretilmistir. Haritada kirmizi renkli
kisimlarda depremin yikim riskinin yiiksek oldugu ve
buralarda yapilacak plan ve miidahalelerin &nemine
vurgu yapilmistir. Ayrica haritada yesil alanlar ii¢ ayri
teknik kategoriye gore gri, sart ve mavi bolgelere
ayrilarak tehlike boyutu ve yapisal 6neriler getirilmistir.
Kirmizi bolgenin aksine yesil bolgelerin daha giivenli

*Sorumlu Yazar (Corresponding Author) yerlesimler olacag: tespitinde bulunulmustur [2].
e-posta: h.byrktr979@gmail.com

Ozellikle depremler konusunda acil durum y&netiminin
ele alinmasi, gegmis depremlerden ders alinarak proaktif
yaklagimla hazirlik ve oOnlem c¢aligmalarina agirlik
verilmesi Onemlidir. New Zeyland’a 2010 yilinda
meydana gelen Canterbury depreminin c¢evreye,
ekonomiye, binalara, insanlara vb etkilerini
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Nepal ve Hindistan’in bir eyaleti olan Bihar’da deprem
riskinin azaltilmasi ile ilgili karsilagtirma yapilmustir.
Nepal’de 2015 yilinda meydana gelen depremin
Nepal’de agir sonuglari olmustur. Deprem sonrasinda
Nepal ve Bihar yonetimsel olarak degerlendirilmistir.
Deprem sonrasi Nepal yonetimi afet yonetiminde
basarisiz olmus, istifalar yagsanmis, dig iilkelerden ve
bagimsiz kuruluslarindan yardimlar almak durumunda
kalinmistir. Bihar ise Nepal’de yasananlardan ders alarak
hareket etmis ve kendi afet zarar azaltma ¢alismalarini
yapmak {iizere merkez kurmustur. Bu sayede Bihar
yonetimi afete hazirlik bakimindan gerekli dersleri Nepal
depreminden alarak olumlu adimlar1 atmigtir [3].

Afete karsi direngte basa ¢ikma ve uyum kapasitesinin
onemine vurgu yapilmistir. Basa ¢ikma kapasitesinde;
sosyal karakter, ekonomik sermaye, altyap1 ve planlama,
acil servisler, toplum sermayesi, bilgi ve sozlesme
konular1 yer almaktadir. Uyum kapasitesinde ise
yonetim, politika ve liderlik, sosyal ve toplumsal
sozlesme konular1 yer almaktadir. Afete direngli olmada
afetle basa c¢ikabilme ve uyum kapasitesinin
gelistirilmesinin 6nemine vurgu yapilmistir [4].
Ulkemizde de son yasanan depremler sonrasinda afet
Oncesi caligmalarin Onemi ortaya c¢ikmis ve bu
dogrultuda calismalar artarak devam etmektedir. Ornegin
2001 yilinda ¢ikarilan 4708 say1li Yap1 Denetim Kanunu,
2009 yilinda kurulan Afet ve Acil Durum Yonetimi
Bagkanligi (AFAD), 2012 yilinda ¢ikarilan 6306 sayili
Afet Riski Altindaki Alanlarin Déniistiiriilmesi Hakkinda
Kanun, 2013 yilinda kurulan Tiirkiye Afet Miidahale
Plan1 (TAMP), iiniversitelerde afet alaninda kiirsiiler,
proje c¢alismalart ve merkezler sayabilecegimiz afet
alaninda atilmis 6nemli adimlardir. Fakat afet alaninda
yeni adimlar atilmis olsa da uygulamalarda aksakliklar
yasanabilmektedir. Yasanan aksakliklarin bir an 6nce
geri bildirimleri alinarak revizyona gidilmesi dogru
olacaktir. Ayrica kentlerde bulunan mevcut yapilar
arasinda riskli olabilecek yapilarin bir an once tespit
edilmesi, yeni yapilacaklarinda gegmis hatalardan
arindirtlmig bir sistemde yapilmasi ¢alismalarin basinda
gelmelidir. 6306 sayili kanunda bahsi gecen riskli alan,
riskli yap1 ve rezerv alan ile ilgili konular afete hazirlikta
bir firsat olugturmaktadir [5].

Ulkemizde meydana gelen doga kaynakl afetler arasinda
en 6nemli yeri depremler olusturmaktadir. Ug biiyiik fay
hattindan Kuzey Anadolu Fay Hatti, Dogu Anadolu Fay
Hatt1 ve Bat1 Anadolu Fay Hatt1 yikict depremlere sebep
olmus ve olmaya devam edecek fay hatlaridir. Ulkemizde
yaklagik 53 milyon insan %69.70’1 1. ve 2. derece
deprem bolgelerinde yasamaktadir. Bu niifusun biiyiik
cogunlugu ise kentlerde yasamimi siirdiirmektedir.
Yiizol¢limiin ise %92’si, niifusun %98,8’1 (76,7 milyon)
1. ve 4. derece deprem bolgelerinde yasamaktadir [6],
[7]. Depreme bu kadar yakin olmamiz ve i¢ ige gegmemiz
her an hazirlikli olmamizi tiim kesimlerce kabul etmemiz
gereken bir gergek olarak karsimizda durmaktadir. 17
Agustos 1999 Golciik, 12 Kasim 1999 Diizce ve 23 Ekim
2011 Van depremleri hazirlikli olmanin ne kadar 6nemli

oldugunu en iyi anladifimiz depremlerin basinda

gelmektedir.

Onleme ve zarar azaltmada bina giivenliginin yaninda
zemin iligkisinin 6nemi, hazirlik agsamasinda halkin ve
kamu bilincinin 6nemi ve afet alaninda siirdiiriilebilir
faaliyetlerin yiiriitiilmesi kentlerin afet riskini ortadan
kaldirabilecek baslica konular arasindadir. Ozellikle
iilkemizde depreme kargt saglam bina ingsa etme
hususunda ilerleme kaydedilmis olmast olumludur. Fakat
deprem sadece saglam bina giivenliginin ele alinmasi ile
degil zemin, kamu, STK, halk gibi etkenlerinde bir biitiin
olarak ele alinmasi gereken bir konudur. Kamu
yoneticilerinin deprem olgusunu kent ile ilgili yapilacak
islerde degerlendirmeye almalart ve konuyu devamli
giincel tutarak faaliyetlerini siirdiirmeleri Onemlidir.
Hazirlik stirecinde dncelikle bina taramalarinin yapilmasi
ve riskli yapilar hakkinda hizli bir karar mekanizmasinin
kurulmasi hayati dneme sahiptir.

Ulkemizde yap: stoguna baktigimizda 1997 yili dncesi
yapilarin coklugu, bitigik nizam yap1 sisteminin kentlerde
yogun olarak goriilmesi olas1 bir depremde binalarin
hasar gorme riskini artirmaktadir [8]. Tirkiye nin
yaklagik 19 milyon konutundan 14 milyon konutunun
afet riski yoniinden incelenmesi gerektigi, deprem
tasarimi  yetersiz binalar, malzeme dayanimi ve
miihendislik hizmeti almayan kagak yapilar dahil yap:
stogunun yaklagik %40’mmin yani 6-7 milyon konutun
yenilenmesi ya da  giiclendirilmesi  gerektigi
belirtilmektedir [9]. Yaklagtk 7 milyon konutun risk
altinda olmasi ve bir konutun dort kisilik aileden olustugu
diistiniildiigiinde etkilenecek niifusun ortalama 28 milyon
olabilecegini gostermektedir. Bu say1 hic¢
azimsanmayacak bir say1 olarak kargimizda durmakta ve
bir an once ¢oziim beklemektedir. Riskli konutlarin
¢ogunun kent merkezlerinde olmasi tehlikenin boyutunu
daha da artirmaktadir.

Riskli yapilarin yogun olarak bulunmas 6ncelikle bina
giivenliginin saglanmasini ve yonetimsel olarak da
depreme hazirlikta hizli bir planlama yapilmasi can
giivenligini artiracaktir. Depreme hazirlikta yeni yontem
ve ¢alisma ornekleri hem tilkemizde ve hem de disarida
yapilmaktadir. Ulkemizde yap1 yogunlugunun fazla
olmasindan dolay1 ayrintili incelemeye vakit olmayacagi
bunun yerine hizli tarama yontemleri ile riskli binalarin
belirlenmesini tavsiye ederek P25 hizli degerlendirme
yontemini gelistirmiglerdir [10]. Kisa stirede dogruya
yakin sonuglarin elde edilmesi hedeflenerek Hizli Durum
Tespit (DURTES) yontemi de binalarin risk durumunu
belirlemede kullanilmaktadir [11]. Kademeli
degerlendirme yontemleri ile binalar hizli bir sekilde
taranmaktadir. Bu sayede yikilma sonucu olusabilecek
can kayiplarinin 6niine gegilerek adreslerine gore tespit
edilen riskli yapilar hakkinda gerekli 6nlemlerin alinmasi
amaglanmaktadir [12]. Mevcut Yapilarin Incelenmesi ve
Yap1 Denetimi Komisyonu Raporu’nda hizli tarama
yontemleri hakkinda bilgiler ve anket formlar1 yer
almaktadir. Anket formlar1 her bir binaya uygulanarak
risk puani elde edilmekte, ikinci ve ii¢iincii kademe
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degerlendirme ydntemlerine
belirlenebilmektedir [13].

ABD’nin bir kurulusu olan acil durum ydnetimi iizerine
calismalara odaklanan FEMA (Federal Emergency
Management Agency) tarafindan gelistirilen FEMA
154’de herhangi bir afet durumunda etkilenebilecek
binalarin risk oranlarini bulup gerekli veri alt yapi
sisteminin olusturulmasi amac¢lanmistir. Yontemde bina
envanteri i¢in bilgi toplama formlar1 kullanilarak yazilim
programma  veriler  girilerek  degerlendirmeler
yapilabilmektedir [14].

Bina envanterinin ¢ikarilmasinda kullanilan hizli tarama
yontemlerinin yani sira kentin planlamasinda s6z sahibi
olan yoneticilerin, kentte yasayan halkin ve ilgili
olabilecek tiim kesimlerin birlikte degerlendirildigi
calismalara da ihtiyagc bulunmaktadir. Riskli yap1
yogunlugunun bulunmasi hizli tarama yo6ntemlerinin
o6nemini artirmaktadir. Hizli tarama ydntemleri sayesinde
oncelikli riskli binalar tespit edilerek gerektiginde daha
detayli analizler yapilarak bina hakkinda nihai kararlar
alinabilmektedir. Bu sayede vakit kaybetmeden riskli
binalara odaklanarak iyilestirmeler hakkinda kararlar
alinmasi can kaybinin azalmasini saglanmis olacaktir.

gecilip gecilmeyecegi

2. YONTEMIN ANA UNSURLARI VE
PUANLAMALAR (METHODOLOGICAL
MAINS AND POINTS)

2.1. Tehlikenin Belirlenmesi Ve Etki Analizi (10 ila
20p arasi) (Hazard Identification and Impact
Analysis (10 to 20p)

Yerlesim yerinin deprem tehlikesine maruz olmasi ve
kaginci derece deprem bolgesi oldugu belirlenmektedir.
Hasara neden olabilecek 1.derece, 2.derece ve 3.derece
deprem  bolgeleri  degerlendirmeye  alinmaktadir.
Yerlesim yerinde daha once meydana gelen depremin
etkileri konusunda bilgiler elde edilmektedir. Ayrica
yerlesim yerinin kaginct derece deprem bolgesinde yer
aldig1 Tiirkiye Deprem Bolgeleri Haritasindan bakilarak
secilmektedir. Puanlama ¢aligma alaninin kaginci derece
deprem bolgesi olduguna gore 10 ila 20 puan araliginda
degismektedir. Asagida puan araliklari verilmektedir:

» 1. Derece deprem bolgesi (20p)
» 2. Derece deprem bolgesi (15p)
» 3. Derece deprem bolgesi (10p)

2.2. Yerlesimin Yogun Oldugu Bolgedeki Zemin
Kosullar: (-1 ila 10p arasi) (Soil Conditions in the
Region where the Settlement is Intensive (-1 to 10p)

Yerlesim yerleri farklt zemin &zelliklerine sahip
olabilmektedir. Bu durumda yapilagsmanin yogun oldugu
zemin smifi segilmektedir. iki grupta Z1/Z2 zemin sinifi
ve Z3/Z4 zemin smnifi degerlendirmeye alinmaktadir.
Z1/72 zemin sinifina sahip alanlarin daha saglam olmasi
ve Z3/Z4 zemin smifi alanlarin ise dayanimi daha disiik
olmasina gdre puanlama yapilmaktadir. Asagida calisma
alaninda yap1 stogunun yogun oldugu agirlikli zemin
smiflarina gore puanlama araliklar verilmektedir:

> Agirlikli zemin simfi Z1-Z2 ise (-1p)
> Agirlikli zemin sinifi Z3-Z4 ise (10p)

2.3. Yapr Stogunun Hasar Riski (-1 ila 40p arasi)
(Structure Stoke Damage Riski (-1 to 40p)

Yerlesim yerinde daha 6nce meydana gelen depremde
orta ve agir hasarli yap1 oranlari Baymdirlik ve Iskan
Bakanliginin ya da {niversitelerin vb yaptiklar
calismalardan alinabilmektedir. Bu bilgilerden sonra
calisma alan1 hizli tarama yontemleri kullanilarak
binalarm risk skorlari elde edilmektedir. Ozellikle orta ve
agir hasarli binalarin secilmesinin nedeni bu binalarin
tehlike oranlarmmin daha yiiksek olmasidir. Deprem
oncesi binalarin risk orani ile deprem sonrasi yapilan
calismadan elde edilen bina risk oranlar1 puan araligini
olusturmaktadir. Asagida yapi stogunun risk oranlarina
gore puan durumu verilmektedir:

» % 0 hasar riski yok (-1p)

» %1 - % 25 orta ve agir hasar riski var (10p)

> % 26 - % 50 orta ve agir hasar riski var (20p)
» %51 - % 75 orta ve agir hasar riski var (30p)
> % 76 - % 100 orta ve ag1r hasar riski var (40p)
2.

4. Toplumun/Halkin Deprem Bilinci (-1 ila 10p
arasi) (Society / People Earthquake Consciousness
(-1to 10p)

Toplum bilinci yani halkin deprem konusunda duyarli
olmas1 hem deprem Oncesi hazirlikta hem de deprem
sonrasi miidahale aninda dogru bir isleyis ve anlayis
saglamaktadir. Bu yiizden toplumun yani halkin deprem
konusunda bilgisi Onemlidir. Halkin depreme karsi
duyarlilig1 yerlesim yerinde yapilan depremle ilgili
caligmalarda yer almasi, bu tiir ¢aligmalar1 desteklemesi
ve takip etmesi ile anlagilabilmektedir. Ayrica halk ile
yapilacak deprem hakkinda konusmalar ve anketler de
deprem bilgisini anlamamiza yardime1 olmaktadir.

Calismada sokak taramasi yontemi ile yapilan bina
envanterinin ¢ikarilmasi esnasinda deprem Oncesi ve
deprem sonrasi ile alakali sorular sorulmus ve halkin
yogun bulundugu yerlerde deprem hakkinda kisiler ile
konusmalar yapilarak deprem hakkinda duyarliliklar:
tespit edilmeye calistlmistir. Asagida halkin deprem
bilgisi ve hazirlik ¢aligmalarina katilimina goére puan
araliklar1 verilmektedir:

»  Bulundugu yer ile ilgili deprem bilgisi var ve
deprem 6nlem ¢alismalarin igerisinde bulunuyor (-
1p)

»  Bulundugu yer ile ilgili deprem bilgisi var ve
deprem 6nlem c¢aligmalarini destekliyor (1p)

»  Bulundugu yer ile ilgili deprem bilgisi var ve
deprem onlem c¢alismalarini dnemsemiyor (5p)

»  Bulundugu yer ile ilgili deprem bilgisi yok ve
deprem 6nlem g¢alismalarini 6nemsemiyor (10p)
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2.5. Yerelde Deprem file flgili Proje, Egitim, Bilimsel
Ve Teknik Calismalar (-1 ila S5p arasi) (Project,
Education, Scientific and Technical Studies Related
to Earthquake in Local (-1 to 5p)

Caligsma alaninda depreme yonelik yonetim birimlerine,
halka ve 6grencilere verilen egitimler, proje, akademik
bilimsel vb calismalarin yapilmasi ve destek gérmesi
olumlu puani vermektedir. Tersi ise negatif puana sebep
olmaktadir. Yerlesim yerinde yoneticiler ile yapilan
anket ¢aligmasi ile birimlerde, okullarda ve halka yonelik
calismalar konusunda bilgiler elde edilmektedir. Ayrica
calisma alaninda deprem ile ilgili yapilan egitimler,
projeler, akademik ve teknik ¢aligmalarin mevcut olmasi,
destek gormesi ya da bunlarin olmamasina gore puan
araligi  belirlenmektedir. Asagida puan aralif:
verilmektedir:

»  Yerelde depreme yonelik proje, egitim, bilimsel ve
teknik ¢aligmalar yapiliyor (-1p)

»  Yerelde depreme yonelik proje, egitim, bilimsel ve
teknik ¢alismalar yapilmiyor (5p)

2.6. Yerel Yonetimlerin, STK’larin, Goniilliilerin,
Toplumun vb Deprem Konusunda
Koordinasyonu (-1 ila 5p arasi) (Coordination of
Local Governments, NGOs, Volunteers, Society
etc. on Earthquake (-1 to 5p)

Depreme hazirlik tek bir kurumun ya da belirli kisilerin
iistesinden gelebilecegi bir durum degildir. Hazirlik
asamasinda tiim kesimlerin birlikte hareket ederek
deprem tehlikesine karsi koordinasyon igerisinde
yiiriitecekleri calismalar basariyr getirecektir. Bunun
tespitinde ¢alisma alaninda kurumlarin, STK’larin,
toplumun vb uyum igerisinde depreme hazirlikta
koordinasyonu, isbirligi puan araligmi  olumlu,
yapmamalar1 ise puan araligini olumsuz olarak vermis
olacaktir. Asagida madde olarak puan araliklarini veren
aciklamalar verilmektedir:

» Depreme yonelik hazirlik ¢aligmalari kurum, STK ve
toplum ile igbirligi i¢inde yiiriitiilityor (-1p)

» Depreme yonelik hazirlik ¢aligmalart kurum, STK ve
toplum ile igbirligi i¢inde yiiriitiilmiiyor(5p)

2.7. Yerel Yonetimlerin Depreme Hazirhk
Calismalari, Denetimleri, Planlar1 Ve Onlemleri
(-1 ila 10p aras)) (Local Governments'

Depreciation Preparation Studies, Audits, Plans and
Measures (between -1 and 10p)

Deprem tehlikesine karsi 6nemli ¢alismalar1 yapacak ve
destekleyecek kuruluglar arasinda yerel yonetimler
gelmektedir. Yerel yonetimler yerlesim yeri ile ilgili
planlarda ve kentin yonlendirilmesinde Onemli bir
konuma, yetkiye sahiptirler. Bu yiizden yerel
yonetimlerin depreme hazirlik ¢aligmalari, planlart ve
alacaklar1 Onlemler hayati Oneme sahiptir. Yerel
yonetimlerin deprem ile ilgili bu ¢aligmalarin tespiti
ozellikle kurumlarin  yoneticileri ile  yapilacak
gorlismeler sonucunda elde edilebilmektedir. Asagida
hazirlik ¢aligmalar1 ile 1ilgili yapilmast ya da
yapilmamasina gore puan araligi verilmektedir:

» Yerel yonetimler koordinasyon iginde depreme
hazirlik ¢aligmalarint kararli bir plan dahilinde
yiiriitmekte, ulusal ve uluslararasi projeler yapilmakta
ve desteklenmekte, bilimsel ve teknik yonden CBS alt
yapis1 kurulmus, internet sayfasi, egitimler vb halki
bilgilendirme yapilmakta, deprem tehlikesine karsi
giincel planlar, 6nlemler bulunmaktadir (-1p)

» Yerel yonetimlerin depreme hazirlik calismalar
yonetim birimlerinde yapilmakta, deprem konusunda
halka egitim verilmekte, ulusal ve uluslararasi
projeler desteklenmekte, deprem tehlikesine karst
onlemler bulunmaktadir (1p)

» Yerel yonetimlerin depreme hazirlik ¢alismalarina
yonelik destekleri ve planlart orta derecede
uygulanmaktadir (5p)

» Yerel yonetimlerin depreme hazirlik calismalar
yonetim birimlerinde yapilmamakta ve deprem
tehlikesine karst planlar, dnlemler bulunmamaktadir

(10p)

Olmak fiizere 7 ana unsur c¢ergevesinde c¢alisma
yiiriitiilmektedir. ilk {ic madde teknik verilerden elde
edilirken diger maddeler goriisme sonuglaria gore elde
edilmektedir. Bu sayede teknik ve sosyal veriler bir araya
getirilerek puanlanmakta ve yerlesimin yerel deprem
puani belirlenmektedir. Sekil 1’de teknik ve sosyal
verilerden olusmus yerel deprem puani bilesenleri ve
asamalar1 aktarmali olarak gosterilmistir.

Veri Toplama

Yerlesim
Yeri Teknik
Veriler

Yerlesim
Yeri Sosyal
Veriler

Yerel
Deprem
Puani (YDP)

Afete
Hazirlik
Diizey
Aciklamast

Sekil 1. Yerel deprem puani bilesenleri ve agsamalart (Local
earthquake point components and phases)
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3. YEREL BULGULARA GORE YEREL DEPREM
PUANI (YDP) (LOCAL EARTHQUAKE POINTS
BY LOCAL RESULTS)

Yerel Deprem Puani (YDP), deprem tehlikesine karsi bir
yerlesimin tehlikeye ne kadar agik oldugu veya hazirligi
hakkinda bilgi vermektir. Bir yerlesimin YDP’m
belirlemek icin yerlesim yerine ait teknik ve sosyal
verilere ihtiya¢ duyulmaktadir. Teknik veriler yerlegimin
fiziki acidan degerlendirilmesi (deprem bilgisi, yap:
envanteri, zemin bilgisi), sosyal veriler ise yerlesim
yerinde bulunan kurum ve kuruluglarin depreme yonelik
hazirliklari, igbirligi, bilimsel ¢aligmalar, toplumun
depreme duyarlilign gibi sosyal acgidan yapilan
degerlendirmelerdir. Teknik veriler binalar, deprem,
zemin vb mevcut bilgiler ile elde edilebilmektedir. Yap1
envanterinin incelenmesinde Istanbul Deprem Master
Plan1 (IDMP 2003) projesi kapsaminda kullanilan Sokak
Taramasi yontemi kullanilmistir [15]. Sokak taramasi
yonteminde binalar sokaktan gozlem yoluyla alti
olumsuzluk parametresine gore degerlendirilmektedir.
Olumsuzluk parametreleri sirasiyla; yumusak kat, agir
¢tkma, goriinen kalite, kisa kolon, c¢arpigma etkisi,
tepe/yamag etkisidir. Anket sonuglarina gore her bir
binanin risk puani belirlenmektedir [16].

Sosyal veriler i¢in ise kurum ve kurulus yoneticileri, STK
ve halk ile yiiz ylize goriisme teknigi uygulanarak veriler
elde edilmektedir. Elde edilen tiim veriler yerel deprem
puaninin hesaplanmasinda esas alinan 7 adet parametre
icin kullanilmaktadir. YDP 1-100 puan araliginda
bulunmaktadir. Deger artikga yani 100 puan dilimine
yaklastik¢a depremin tehlike boyutu artmaktadir. Deger
azaldikga ise tam tersi depremin tehlike boyutu yerlesim
yeri i¢in diisiik ¢ikmaktadir.

Puanlamalar sonucunda yerel deprem puani bulunmakta
ve bu puana gore yerlesimin deprem tehlikesine karsi
hazirtlik  diizey  agiklamast  belirlenebilmektedir.
Puanlama ile yerlesimin hangi risk araligina denk geldigi
ve ¢ok yiiksek risk araligindan ¢ok diisiik risk araligina
kadar bes farkli yerel deprem riski tanimlamasi
yapilmaktadir (¢izelge 1).

Cizelge 1. Yerel Deprem Puani (YDP)’na gore risk araliklar
(Risk ranges according to Local Earthquake Score)

I<YDP<20  puan arasi Cok diisiik yerel deprem

riski

20<YDP<40 puan arasi Diisiik yerel deprem riski

40<YDP<60 puan arasi Orta yerel deprem riski

60<YDP<80 puan arasi Yiiksek yerel deprem riski

80<YDP<100 puan arast Cok yiiksek yerel deprem

riski

Hazirlik diizey aciklamasi yerlesim yerinde ozellikle
yonetim birimlerinin ve halkin deprem tehlikesine karsi
ne kadar hazirlikli oldugu hakkinda mevcut durumu
ortaya koyarken ayni zamanda izlenecek yol konusunda
da bilgi vermektedir. Bes farkli simifta hazirlik diizey
aciklamasi yer almaktadir. Siralama g¢ok diisiik yerel

deprem puani risk araligindan baslayip ¢ok yiiksek yerel
deprem risk aralinda son bulmaktadir. Yerel deprem
puant ne kadar yiiksek cikarsa bdlgenin deprem riski
artmaktadir. Hazirhk diizey agiklamalarinin elde
edilmesinde yerelde depremi yasamig insanlarla
goriisiilerek ve deprem sonrasi yapilan rapor, bilimsel vb
calisma sonuglart da degerlendirilerek titizlikle elde
edilmistir (Cizelge 2).
Cizelge 2. Yerel Deprem Puani (YDP)’na gore hazirlik diizey
aciklamalar1  (Preparatory level explanations
according to Local Earthquake Score)

Puanlama risk araliklar Hazirlik diizey agiklamalar

Acil olarak hemen merkezi
yonetimden destek alinarak
tedbirlerin alinmast ve
hazirliklarin yapilarak halkin
riskli alanlardan
uzaklastirilmasi

Cok yiiksek yerel deprem riski
(80<YDP<100 puan aras1)

Yiiksek yerel deprem riski Yerel diizeyde tim kurum ve

(60<YDP<80 puan aras1) kuruluslar  ile hazlrhklar
yapilmali ve tedbirler
artirilarak halkin

bilgilendirilmesi

Orta yerel deprem riski
(40<YDP<60 puan arasi)

Yerel yonetimlerin hazirlik ve
tedbirlerini gézden gecirerek
toplum ile igbirligi iginde
onlemleri artirmasi, bilimsel
destek alinmasi

Hazirlik ¢aligmalarinin  rutin
kontrollerinin yapilmasi,
depreme iligkin  yapilacak
proje, egitim vb desteklenmesi

Disiik yerel deprem riski
(20<YDP<40 puan arasi)

Cok diisiik yerel deprem riski Hazirlik ¢aligmalarmim giincel

(1<YDP<20 puan arasi) tutulmas: ve tecriibelerin diger
yerel yonetimler ile
paylasilmasi

4. YONTEMIN UYGULANMASI
(IMPLEMENTING THE METHOD)

Yerel deprem puaninin karsilagtirtlmali 6rnegi 12 Kasim
1999 Kaynash Depremi sonuglari ile 2014 yilinda ayni
bolgede Kaynagli’da yapilan ¢alisma kapsaminda elde
edilen bilgilere gore gerceklestirilmistir. 12 Kasim 1999
Depremi 6ncesi ve sonrasi yerlesimin YDP saptanmaya
calisgtlmigtir. Yerel deprem puani sonuglarna gore
deprem oOncesi ve sonrasi yerlesimin hazirlik diizey
aciklama aralig1 bulunmugtur. Degerlendirme iki durum
i¢in yapilmigtir. Birinci durumda c¢alismanin 12 Kasim
1999 Depreminden 6nce yapildigr varsayilarak YDP
bulunmustur. ikinci durumda ise deprem sonrasi ayni
bolgede saha galigmasi ve mevcut bilgilerden elde edilen
bilgiler sonucunda YDP bulunmustur. Durum (1) ve
Durum (2) sonuglar1 karsilastirtlmasi yapilmistir. Ayrica
verilerin elde edilmesinde Kaynagli Kaymakamlig1 argivi
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[17], Kaynashi Belediyesi arsivi [18] ve Acil Destek
Vakfi argivlerinden yararlanilmigtir [19].

Durum (1): Kaynasgit ilgesinin 12 Kasim 1999 depremi

oncesi yerel deprem puani hesaplanmis olsaydi;

1) Tehlikenin belirlenmesi ve etki analizi (10 ila 20p

arast)

» 1. Derece deprem bolgesi (20p)

2) Yerlesimin yogun oldugu bdlgenin zemin kosullar1
(-1 ila 10p arast)

» Agirlikli binalarin yogun bulundugu zemin sinifi
Z3/Z4 (10p)

3) Yapi stogunun hasar riski (-1 ila 40p arasi)

> % 50 - % 75 hasar riski var (Baymndirlik ve Iskan
Bakanlig: verileri) (30p)

4) Toplumun/Halkin deprem bilinci (-1 ila 10p arast1)

» Bulundugu yer ile ilgili deprem bilgisi yok ve deprem
Onlem caligmalarint Gnemsemiyor (10p)

5) Yerelde deprem ile ilgili proje, egitim, bilimsel ve
teknik ¢aligmalar (-1 ila 5p arasi)

» Yerelde depreme yonelik proje, egitim, bilimsel ve
teknik ¢alismalar yapilmiyor (5p)

6) Yerel yonetimlerin, STKlarin, géniilliilerin, toplumun
vb deprem konusunda koordinasyonu (-1 ila 5p arast)

» Depreme yonelik hazirlik ¢aligmalar isbirligi icinde
yiriitilmiiyor (5p)

7) Yerel yonetimlerin depreme hazirlik calismalari,
denetimleri, planlar1 ve 6nlemleri (-1 ila 10p arasi)

» Yerel yonetimlerin depreme hazirlik c¢alismalar
yonetim birimlerinde yapilmamakta ve deprem
tehlikesine karst planlar, 6nlemler bulunmamaktadir
(10p)

1. 2. ve 3. Maddeler mevcut teknik verilerden

yararlanilarak elde edilmistir. 4. 5. 6. ve 7. Maddeler i¢in

ise Deprem oncesi en kotii ihtimaller degerlendirilmistir.

Ciinkii halk ve yerel yoneticiler ile miilakatlarda,

incelenen belgelerde 12 Kasim 1999 Depremi dncesi

deprem hakkinda yoneticilerin, toplumun higbir
fikirlerinin ve hazirliklarinin olmadigi sonucu miitalaa
edilmistir.

Her bir degerlendirme sonucu karsilik gelen puana gore

cizelge 3’de verilmistir ve tim degerlendirme

puanlarinin toplami sonucunda yerlesim yerinin yani

Kaynasli’nin YDP 90 puan olarak bulunmustur.

Cizelge 3. Deprem oncesi yerel deprem puani gizelgesi (Durum

1) (Local earthquake score table before the
earthquake (Case 1)
Eléa Yerel Deprem Puanlama Parametreleri Puan
1 Tehlikenin belirlenmesi ve etki analizi 20
Yerlesimin yogun oldugu bdlgenin zemin
2 10
kosullari
3 Yap1 stogunun hasar riski 30
4 Toplum bilinci 10
5 Yerelde deprem ile ilgili proje, egitim, 5

bilimsel ve teknik ¢aligmalar
Yerel yonetimlerin, STK’larin, goniilliilerin,

6 toplumun vb deprem konusunda 5
koordinasyonu

7 Yerel yonetimlerin  depreme  hazirhik
caligmalari, denetimleri, planlar1 ve 6nlemleri
Yerel Deprem Puani (YDP) 90

Kaynagl ilgesinin yerel deprem puani hesab1 12 Kasim
1999 depremi o6ncesi YDP yonteminin uygulandigi
varsayildiginda cizelge 1’e gore “Cok yiiksek yerel
deprem riski” puan araligina denk geldigi goriilmektedir.
Belirlenen puan araligina gore ¢izelge 2’de hazirlik
diizey agiklamasinda “Acil olarak hemen merkezi
yonetimden destek alinarak tedbirlerin alinmast ve

hazirliklarin  yapilarak  halkin  riskli  alanlardan
uzaklastirilmast” hazirlik diizey aciklamasi
tanimlanmaktadir.

Durum (2): Kaynasli il¢esinin 12 Kasim 1999 depremi
sonrast 2014-15 yili calisma kapsaminda yerel bulgulara
gore yerel deprem puani:

1) Tehlikenin belirlenmesi ve etki analizi (10 ila 20p
arast)

» 1. Derece deprem bolgesi (20p)

2) Yerlesimin yogun oldugu bélgenin zemin kosullart (-
1 ila 10p aras1)

»  Agirliklh zemin sinifi Z3/Z4 ise (10p)
3) Yapi stogunun hasar riski (-1 ila 40p arasi)

» % 0 - % 25 hasar riski var (2000 civarinda bina
taramast sonucundan elde edilmistir. Yerlesim
yerine ait binalarin neredeyse %90’min bina
taramast  yapilmistir.  Calismasi  kapsaminda
binalarin %13 olas1 hasar riski bulunmustur) (10p)

4) Toplumun/Halkin deprem bilinci (-1 ila 10p arasi)

»  Bulundugu yer ile ilgili deprem bilgisi var ve
deprem onlem calismalarini destekliyor (halk ile
yapilan goriismeler sonucu elde edilmistir) (1p)

5) Yerelde deprem ile ilgili proje, egitim, bilimsel ve
teknik ¢alismalar (-1 ila S5p aras1)

»  Yerelde depreme yonelik proje, egitim, bilimsel ve
teknik caligmalar yapiliyor (yerelde yapilan
caligmalardan elde edilmistir) (-1p)

6) Yerel yonetimlerin, STK’larin, goniillilerin, toplumun
vb deprem konusunda koordinasyonu (-1 ila 5p
arast)

» Depreme yonelik hazirlik ¢aligmalarinin isbirligi
icinde ylritiliiyor (igbirligi yapilan g¢aligmalarin
isbirligi i¢inde yiiriitildigii gézlemlenmistir) (-1p)

7) Yerel yonetimlerin depreme hazirlik ¢aligmalari,
denetimleri, planlari ve 6nlemleri (-1 ila 10p arast)

> Yerel yonetimlerin depreme hazirlik ¢aligmalari

yonetim birimlerinde yapilmakta, deprem konusunda
halka egitim verilmekte, ulusal ve uluslararas1 projeler
desteklenmekte, deprem tehlikesine karsi Onlemler
bulunmaktadir.
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Cizelge 4. Deprem sonrasi yerel deprem puani g¢izelgesi

g P M p p g
(Durum 2) (Local earthquake score table after the
earthquake (Case 2)

ill(r)a Yerel Deprem Puanlama Parametreleri Puan

1 Tehlikenin belirlenmesi ve etki analizi 20
Yerlesimin yogun oldugu bélgenin zemin

2 10
kosullart

3 Yap1 stogunun hasar riski 10

4 Toplum bilinci 1

5 Yerelde afet ile ilgili proje, egitim, bilimsel 1

ve teknik ¢aligmalar

Yerel yonetimlerin, STK’larin, goniilliilerin,
6 toplumun vb deprem konusunda -1
koordinasyonu

Yerel yonetimlerin afete hazirlik ¢alismalari,

! denetimleri, planlari ve 6nlemleri L
Yerel Deprem Puani (YDP) 40
12 Kasim 1999 Depremi sonrast 2014-15 yili

Kaynagli’nin yerel bulgularina gére YDP c¢izelge 4’de 40
puan olarak bulunmustur. ¢izelge 1’e gére YDP’n1 “Orta
yerel afet risk puan” araligina gelmektedir. Belirlenen
puan aralifina gore ¢izelge 2’ye gore hazirlik diizey
aciklamasi “Yerel yonetimlerin hazirlik ve tedbirlerini
gozden gecirerek toplum ile igbirligi i¢inde Onlemleri
artirmasi,  bilimsel  destek  alinmasi”  olarak
tanimlanmaktadir.

Durum (1) ve durum (2) karsulastirildiginda;

Durum (1)’de;

Kaynagli’'nin 12 Kasim 1999 Depremi 6ncesi Goreceli
Yerel Deprem Puani 90 puan ¢ikmaktadir. 90 puan ¢ok
yiiksek risk araligina girmektedir. Yerel deprem puanina
gore hazirlik diizeyi agiklamasi “Acil olarak hemen
merkezi yonetimden destek alinarak tedbirlerin alinmasi
ve hazirliklarin yapilarak halkin riskli alanlardan
uzaklagtirilmas1” tanimlamasina denk gelmektedir.

Kaynaglh 12 Kasim 1999 Depreminde yerel yonetim ve
halk ne oldugunu anlamdan, ne yapacagini bilmeden
depreme hazirliksiz yakalanmistir. Merkezi yonetimden,
uluslar arasi kuruluglardan ve goniillillerden destekler
almmistir. Deprem sonrasinda agir kayiplarin boyutu
ortaya ¢ikmis ve yerlesim yerinde yasayan halkin biiyiik
bir ¢ogunlugu bundan etkilenmistir.

Durum (2)’de ise;

Calisma kapsaminda 2014-15 yillar1 yerel bulgulara gore
YDP 40 puan olarak bulunmustur. 40 puan sonucuna
gore deprem risk skoru araligr “Orta Yerel deprem Risk
aralig1’” cikmaktadir. Orta yerel afet riski araligi ise
“Yerel yonetimlerin hazirlik ve tedbirlerini gdzden
gegcirerek toplum ile isbirligi icinde onlemleri artirmasi,

bilimsel destek alimmas1” hazirlik diizey agiklamasina
denk gelmektedir.

Kaynagli ilgesinde toplum, STK’lar ve yerel
yonetim/yoneticiler deprem bilgisi konusunda birgok
yerlesime ornek olabilecek diizeydedir. Fakat risklerin en
aza indirilmesi i¢in daha da c¢alisarak 6zellikle toplumun
depreme hazirligi, yonetimler, bilimsel ¢aligmalar ve
uzman personel destegiyle depreme hazirlik kapsaminda
¢ok diisiik risk araligina denk gelerek hazirlik diizey
aciklamasinin “hazirlik ¢aligmalarinin giincel tutulmasi
ve tecriibelerin diger yerel yonetimler ile paylasiimasi”
tanimlamasina sahip olmasidir. Bu sayede yerlesim yeri
deprem tehlikesine karsi hazirlign diger yerlesimlere
ornek olabilecek bir gosterge haline gelebilecektir.

5. SONUCLAR (CONCLUSIONS)

Ulkemizin cografi konumu/6zelligi nedeniyle deprem
kusaginda yer almasi iilke olarak depreme karsi her an
hazirlikli olmamizi gerektirmektedir. Son yasanan 17
Agustos 1999 Marmara Depremi, 12 Kasim 1999 Diizce
Depremi ve 23 Ekim 2011 Van Depremi sonuglarina
bakildiginda agir kayiplarin  meydana  geldigi
bilinmektedir. Ulkemizde daha 6nce meydana gelen
depremlerde yasanan agir kayiplarin baslica nedenleri
arasinda  yerel  yoOnetimlerin  yerlesim  yeri
planlamalarinda deprem faktoriinii ilk siraya almamalari,
teknik uygulama ve denetim yoksunlugu ve de halkin
depreme karsi hazirlikta yeterince bilgilendirilmemesi
gibi etkenler sayilabilir. Deprem olduktan bir iki sene
depreme hazirlik, yapilan hatalarin tekrarlanmamasi
iizerine c¢aligmalar ve konusmalar ¢okca yapilsa da bir
miiddet sonra deprem olgusu unutularak tekrar deprem
Oncesi yapilan hatalara geri doniilebilmektedir.

Bu yontemde yerlesim yerlerinde yerel yonetime ve
halka deprem olgusu hatirlatilarak  Oncelikle
farkindaligin olugmasi saglanmaktadir. Daha sonra
calisma yerlesim yeri ile ilgili toplanan teknik ve sosyal
verilerin bir araya getirilmesi sonucunda bulunan YDP
ve bulunan puana gore hazirlik diizey agiklamanin
bulunmasina dayanmaktadir. Hazirlik diizey agiklamasi
oncelikle yerel yonetime yerlesimin mevcut durumu
hakkinda  bilgi  vermektedir. =~ Hazirhk  diizey
aciklamasinin  yerel yonetimler ile birlikte tiim
kesimlerce degerlendirmeye alinarak yerlesim yerinin
dogru plan ve kararlarla  yOnlendirilmesinde
kullanilabilecektir. Gelistirilen yontem ile kurum ve
kurulus yoneticilerinin depreme hazirlikta yerel diizeyde
mevcut durum degerlendirmesini  yaparak  risk
yonetiminde dogru adimlari atmalari, deprem tehlikesine
kars1 farkindaligin artirilmasi, gegmiste meydana gelmis
depremlerin unutturulmamas: ve alinmast gereken
tedbirler varsa bunlarin alinmasi saglanmig olacaktir.
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oz
Ultrasonik yardimli isleme, takima veya is pargasina belirli bir titresim uygulanarak is pargasinin iglenmesi siireci olup son iglem
uygulamalarinda yiizey 6zelliklerinin iyilesmesi, kesme kuvvetlerinin azalmasi ve takim émriinii arttirilmasi amaciyla uygulanir.
Sicak isleme ise talas kaldirmasi zor olan malzemelerin termal yumusamasini saglayarak kesme isleminin kolaylastirilmasini
amaglayan bir islemdir. Bu islem sayesinde kesme kuvvetlerinde azalma ve takim émriinde artis goriilmektedir. Islenebilirligi zor
malzemeler igin son yillarda ortaya ¢ikan en 6nemli melez yontemlerden biri ise sicak titresim yardiml talash islemedir. Bu islem
ultrasonik yardimli isleme ile sicak islemeyi birlestiren yeni bir melez imalat yontemidir. Bu caligma kapsaminda tilkemizde yaygin
olmayan bu iiretim teknigi igin yeni bir imalat iinitesi tasarimi yapilmustir. Bu yeni iiretim yontemi ile 6zellikle savunma ve
havacilik sektoriinde iglenebilirligi diisiik olan siiperalagim, paslanmaz gelik gibi malzemeler hem yiizey kalitesi arttiralarak imal
edilebilecek hem de takim maliyeti gibi masraflar azaltilacaktir. Yontemin hayata gegmesiyle de savunma ve havacilik gibi kritik

bir alanlarda ileri teknoloji edinilerek milli bir birikim saglanmis olacaktir. Tasarlanan imalat {initesi liniversal torna tezgahlarina
ilave bir modiil olarak eklenebilmekte ve ileride CNC tezgahlar i¢in de yayginlastirilabilme potansiyeline sahiptir.

Anahtar Kelimeler: Ultrasonik yardiml isleme, sicak isleme, melez yontemler, ultrasonik sistem tasarimi.

Design and Economic Analysis of a Novel Hot
Ultrasonic Machining System

ABSTRACT

Ultrasonic assisted machining uses vibrational cutting generally for finishing operations to improve surface properties of the
workpiece, reduce cutting force and enhance tool life. On the other side, hot machining takes advantage of thermal softening of
difficult-to-cut materials during operations. This process reduces cutting forces and increases tool life. As a hybrid manufacturing
method, hot ultrasonic machining is a high-rank important process emerging in the last years. This method brings vibrational cutting
and hot machining together to be benefited from both techniques. Within the scope of this study, a new manufacturing system was
designed for this production technique which is not common in Turkey. With this new production method, materials such as
superalloys and stainless steels, which are particularly hard to machine materials in the defense and aerospace sectors, can be
manufactured both by increasing the surface quality and by reducing costs such as tooling costs. With the realization of the method,
advanced technology will be gained in critical areas such as defense and aviation. The designed manufacturing system is able to
integrated into universal turning lathes and has a potential to be adapted to CNC machines in the near future.

Keywords: Ultrasonic assisted machining, hot machining, hybrid methods, ultrasonic system design.

1. GIRiS (INTRODUCTION)

Modern firiin tasarimlari ve imalat teknolojileri her gegen
gin degismektedir. Bu kapsamda imalatta kullanilan
yenilikgi  yaklagimlar  ile  imalat  siireglerinin
iyilestirilmesinde uygulanan pek ¢ok yontem mevcuttur.
Gelistirilen yontemlerden bazilar1 (3d printing vb.)
geleneksel imalat yontemlerine gore farkli prensiplerle
caligmakta, bazilar1 ise geleneksel islem sekillerinde
yapilacak modifikasyonlar ile gergeklestirilmektedir.

Ultrasonik  esasli  titresimlerin  talagh ~ imalatta
kullanimiyla ilgili ilk uygulamalar 1950’lerin sonlarinda

*Sorumlu Yazar (Corresponding Author)
e-posta : sgurgen@ogu.edu.tr

baglamigtir [1]. Bu caligmalarda bir boyutlu osilasyon
hareketinden faydalanmilmistir. ki boyutlu titresim
uygulamalar1 ise Ozellikle seramik ve camlarin
imalatinda 1990’11 yillarda gelistirilmistir [1]. Yapilan
calismalara gore iki boyutlu titresim uygulamalari bir
boyutlu titresimin sagladig: faydalarin Stesinde faydalar
sunmugtur. Ozellikle optik uygulamalarda, kompleks
sekillerin iiretilmesinde bu uygulamalar kullanilmistir [2-
4]. ki boyutlu titresim ile ilgili caligmalar mikro
islemede ve cam ve seramikler gibi asir1 gevrek
malzemelere odaklanirken bir boyutlu titresim ile ilgili
calismalar ise islemesi zor olarak tanimlanan havacilik
malzemeleri tizerine yogunlagmustir [5-10].
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Sicak isleme ise talag kaldirmasi zor olan malzemelerin
termal yumusamasini saglayarak kesme isleminin
kolaylagtirtlmasint amaglayan bir igslemdir. Siiperalagim,
titanyum alasimlar ve seramikler gibi kesimi zor
malzemeler i¢in sicak igleme tercih edilmektedir. Yiiksek
mekanik ozelliklere ve diisiik termal iletkenlige sahip
olan bu malzemeler kesme islemi sirasinda asir1 yiikselen
kesme kuvvetlerine ve kesme sicakliklarina sebep
olmaktadir. Bu kosullar takim omriinii bariz bir sekilde
azaltmaktadir. Melez imalat yontemleri birgok islem icin
siklikla tercih edilen ve kullanilan her bir ydntemin
avantajlarindan yararlanilan tekniklerdir. Islenebilirligi
zor malzemeler i¢in son yillarda ortaya ¢ikan en 6nemli
melez yontemlerden biri ise sicak titresim destekli kesme
islemidir. Bu yontem titresimli kesme ve sicak kesme
islemlerinin sagladig1 avantajlar1 bir araya getirmektedir.
Sicak titresim destekli talagh islemede, 1sitma sistemleri
ile istenen sicakliga getirilen is parcasi kesici takima veya
pargaya titresim uygulanarak islenmektedir.

Bu ¢alismada diinyada yeni yayginlagmaya baslayan ve
lilkemizde heniiz yayginlagsmamis bu {iretim yontemi i¢in
tezgahlara yeni bir imalat {initesi tasarimi planlanmustir.
Tasarlanan bu iinite tornalama islemi i¢in uygulanabilir
konumdadir. Tasarlanan modiil ve yontem ile talagh
imalat  alanindaki son iglem uygulamalarinda
operatorlere ve miihendislere kolaylik saglayacaktir.
Kullanilan iinite giinlimiizde yayginlagan mikroigleme
uygulamalarinda kolaylikla kullanilabilecektir.

2. LITERATUR ARASTIRMASI (LITERATURE
SURVEY)

2.1. Kesme kuvvetine etkisi (Effects on cutting force)

Iki boyutlu titresim iireten sistemlerde dairesel ya da
eliptik yoriinge izleyecek sekilde tasarlanmaktadir.
Shamoto ve Moriwaki bu sekilde bir sistem
tasarlamuglardir [11]. Bu sistemde iki piezoelektirik
seramige kontrol sistemi ile akim gonderilerek eliptik
yoriinge elde edilmistir. Busan {iniversitesinde tasarlanan
sistem [12] ise oto rezonant degildir. Buradaki eliptik
hareket arti seklindeki yuvadan mekanik olarak
saglanmaktadir.

Titresim ile kesme iizerine yapilan caligmalara gore
benzer sartlarda kesme kuvvetleri geleneksel islemeye
gore onemli Olciide azalmaktadir [13-16]. Havacilik
malzemeleri gibi pekgok farkli grup malzeme i¢in benzer
sekilde bildirilmistir. Bu etkinin titresimin iki eksenli
oldugu durumun tek eksenli oldugu duruma kiyasla
arttig1 da rapor edilmistir.

Bir boyutlu titresim igin kesme islemi sirasinda 6lgiilen
degerin, geleneksel tornalama ile elde edilen kararli
kesme kuvveti hemen hemen ayni oldugu ancak bosta
bulundugu zaman kesme kuvvetinin sifirlanmasi
nedeniyle ortalama kuvvetin O6nemli Ol¢iide azaldigi
seklindedir. Bahsedilen bu degisimler oldukg¢a kiigiik
araliklarda gergeklestigi icin deneysel olarak tayini ¢ok
kolay degildir. iki boyutlu titresimde ise hem maksimum
kuvvet degerleri hem de ortalama kesme kuvvetleri
geleneksel tornalamaya gore daha diistiktiir. Bu durumda

iretilen talag seklinin  farkli  mekanizmalar ile
degistirilmesi ile ifade edilmektedir. Bu baglamda eliptik
yoriingenin ~ sekli  kuvvet  degisiminde  etkili
olmaktaktadir. Ultrasonik uygulamalar1 ile yapilan
caligmalar genellikle kuru kosullarda yapilmustir,
sogutma sivilart kullanildig: takdirde yaglamanin etkisi
ile de kesme kuvvetlerinin bir miktar da azalacagi
diigiiniilmektedir.

2.2.Takim 6mriine etkisi (Effects on tool life)

Titresim ile iglemenin takim dmriinii geleneksel islemeye
gore artirdigt pek ¢ok calismada raporlanmistir. Bu
kapsamda elmas wuglar ile demir alasimlarinin
islenmesinde, demir dig1 alagimlarin islenmesinde ve
gevrek malzemelerin islenmesinde raporlanmistir. Bu
caligmalar elmas, CBN, WC gibi farkli kesici ug
malzemeleri igin de paralel sonuglar vermiglerdir. [16-
19]. Farkli durumlarda goriilen asinma mekanizmalari
farkli olarak raporlansa da genel olarak takim omriini
iyilestirdigi belirtilmistir [17,20,21].

2.3. Isparcasina etkisi (Effects on workpiece)

Yiizey ozellikleri, imalat siireglerinin basarisint 6lgmek
icin kullanilan temel parametrelerden biridir. Yiizey
plriizlilliigiiniin yaninda form bozukluklar1 da hassas
imalat uygulamalar1 icin olduk¢a Onemlidir. Yapilan
calismalarda  titresim  uygulanan  uygulamalarda
geleneksel uygulamalara kiyasla yiizey
piiriizlilliklerinde azalma, yuvarlaklik, diizlemsellik gibi
form 6zelliklerinde iyilesme goriildiigii belirtilmistir. Bu
sonuglar farkli malzemeler igin benzer sekilde
raporlanmigtir. Bu iyilesmelerin yaninda 6zellikle mikro
isleme orneklerinde goriildiigii iizere yiizeyde istenilen
bir formun ya da tekstiir yapinin eldesi de miimkiin hale
gelmistir. Genel olarak degerlendirildiginde bir boyutlu
titresim ile yiizey piiriizliigi degeri %40, iki boyutlu
titresimde ise %95 oraminda azalmustir. Ozellikle ¢ok
diistik pirtizlilik degerlerinin gerekli oldugu optik
uygulamalarda iki boyutlu titresim ile isleme oldukca
avantaj saglamaktadir. Titresim etkisi ile yiizey
ozelliklerinin iyilesmesini daha diizenli talag olusumu,
takim asinmasinin azalmasi ayrica uygulanan titresimin
tirlama titresimlerinin diisiiriilmesine baglanabilir.

Geleneksel yaklasimda yiizey piirlizliigii degeri ilerleme
hiz1 ile dogru takim ug¢ radyusu ile ters orantilidir. En
temel yaklasim daha biiylik u¢ radyusu kullanmaktir. Bu
durum ise tirlama titresimine yol agabilir. Kesme kuvvet
karakteristiginin titresim etkisi degistirilmesi daha biiyiik
radyuslu u¢ kullanimmi mimkiin kilar ve yiizey
plriizliigii degerleri de onemli o6lgiide azaltilabilir.
Ultrasonik titresim ile iiretilen frekansin tirlama
titresimlerine etkisi konusu ile ilgili caligmalar kisithidir
[19, 22-23].

2.4. Talas olusumuna etkisi (Effects on chip formation)

Titresim uygulamalarinin talag sekillerine etkisi bazi
arastirmacilar tarafindan raporlanmistir.  Ultrasonik
titresimlerin  talag sekillerine etkisinin incelendigi
caligmalar kisithidir. Yapilan calismada [10] islenen
Ti6Al4V malzeme ile ultrasonik titresimin talas sekline
ve yiizey mikroyapisina etkisi incelenmigtir. Ultrasonik
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titresimin etkisi ile yiizey deformasyonun geleneksel
tornalamaya gore daha az oldugu raporlanmistir.
Ultrasonik titresimin etkisi ile talas seklinin de degistigi
belirtilmistir. Geleneksel tornalamada kalin ve degisik
formda talaslar tiretilirken, ultrasonik titresim yardimiyla
islemede ince ve siirekli talag olusumu raporlanmistir. Bu
durumu da kayma bandi olusumundaki azalmaya
baglanmistir. Bu talag olusumu yapilan niimerik
calismada [7] raporlanan talas sekillerinin Cockcroft &
Latham hasar kriteri belirlenerek niimerik olarak da
saptanmustir. Ayrica ultrasonik titresimlerin igleme ile
talasin kesme bolgesinden ayrilma agisini da etkiledigi
raporlanmustir [24].

3. SICAK ULTRASONIK IMALAT
(HOT ULTRASONIC MANUFACTURING)

Sicak ultrasonik imalat tinitesi temel olarak ii¢ bilesenden
olusmaktadir. Bunlar; ultrasonik {nitenin tezgah
iizerinde sabitlenmesini saglayan fikstiir, kesici takima
titresimi saglayan ultrasonik iinite ve sicak kesme igin is
parcasinin 1sitilmasini saglayan 6n 1sitma firmidir.

3.1. Ultrasonik sistem icin fikstiir (Fixture for
ultrasonic system)

Ultrasonik tiniteyi sabitlemek i¢in tasarlanan fikstiir alti
par¢adan olusmaktadir: Kelepce, iist tabla, alt tabla,
destek tablasi, dikme ve destek parcalari. Ultrasonik
iinite  fikstiiri  Sekil 1°de ¢ boyutlu olarak
gosterilmektedir. Fikstiir malzemesi olarak kalipgilikta
yaygin olarak kullanilan ck45 ¢eligi segilmistir. Celik
malzeme hem fikstiir yapisina mukavemet saglayacak
hem de yiiksek oOzkiitlesi sebebiyle fikstire agirlik
kazandirarak ultrasonik iinitenin rijit bir sekilde tezgaha
baglanmasina sebep olacaktir. Kelepce malzemesi olarak
ise AA7075 aliminyum alasim tercih edilmistir.
Aliminyum alasgimindan {iretilen kelep¢e sikma
civatalari sayesinde esnetilerek igine yerlestirildigi
ultrasonik {initeyi tutacaktir. Fikstiliriin ¢elik bilesenleri
kaynakla birlestirilmektedir. Kelepge ise iist tablaya
crvata  baglantilariyla  sabitlenmektedir. Alt tabla
kisminda tezgaha baglantiy1 saglamak amaciyla baglanti
slotlar1 yer almaktadir.

Sekil 1. Fikstiir (Fixture)

3.2. Ultrasonik sistem (Ultrasonic system)

Ultrasonik imalat teknolojisi endiistride ekonomik bir
¢oziim sunmaktadir. Ayrica c¢evreci bir {retim
teknolojisidir. Ultrasonik sistemler yaygin olarak plastik
malzemelerin birlestirilmesinde ve farkli kalite kontrol
uygulamalarinda kullanilmaktadir. Giliniimiizde
ultrasonik teknolojisi talagli imalat yontemlerinde de
kullanilmaya baglanmigtir. Ultrasonik ekipman ii¢
iriinden olugmaktadir (Sekil 2). Bunlar ultrasonik gii¢
kaynagi, ultrasonik konvertor (ultrasonik kristal, gevirici)
ve horndur. Horn tasarimi tamamen iiriine bagh olarak
degisir. Ultrasonik titresimler sayesinde saniyede 20000
veya 40000 kez siirtiinmeler olusur. Bu titresim sayisina
gore sistem 20 kHz ya da 40 kHz olarak belirtilir.
Ultrasonik gii¢ kaynagi, ultrasonik titresimleri baglatir ve
kontrol eder. Bu kaynak sebekeden elde ettigi elektrik
enerjisini ultrasonik kristalin titresime frekans-genlikteki
elektrik isaretine doniistliriir. Elde edilen bu isaret
ultrasonik kristale beslenir. Ultrasonik kristalde bu isaret
mekanik titresimlere doniistiiriiliir. Booster (yiikselteg),
genlik miktar1 diisiik olan titregimleri ylikseltir bazen de
distiriir. 1:2 ve 1:3 yaygin olarak kullanilan yiikseltme
oranlaridir. Genlik yiikseltilirken kullanilan malzeme ve
iriin geometrisine gore se¢im yapilmast 6nemlidir. Horn,
booster ile iletilen titresimleri temas edilecek parcaya
aktarir. Bu parga iiriinle siirekli temas halindedir.

Sekil 2. Ultrasonik sistem (Ultrasonic system)

3.3. On1sitma firim (Pre-heating oven)

On 1sitma firmi 220 V ile calismaktadir. Sicaklik
kontrolii Dual Display Dijital On-Off kontrollidiir.
Yatay genisligi 100 mm’dir. Seramik boru iizerine 1sitici
rezistans teller bulunmaktadir. Firin tezgaha bagh
igparcasinin etrafini saracak sekilde yerlestirilecektir. Bu
ylizden ortadan acilir sekilde tasarlanarak isparcasi
tezgah ftizerindeyken firin igine girebilecektir. Firin
sicakligi 400 0C’ye kadar ¢ikabilmektedir. Firinin tezgah
iizerindeki bir ig pargasini 1sitma asamasi Sekil 3’te
gorsel olarak verilmistir.
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Is pargasi

Sekil 3. On 1s1tma firmi (Pre-heating oven)

3.4. Sicak ultrasonik imalat sisteminin kullanim
(Usage of hot ultrasonic manufacturing system)

Sicak ultrasonik imalat {initesi ek bir modiil oldugu i¢in
iiniversal tezgahlara kolaylikla adapte edilebilmektedir.
Sistemin tezgaha ecklenmesinden Once igpargasinin
sabitlenmesi ve kesici takimin baglanmasi gibi
konvansiyonel kesme islemlerindeki tezgah kurulum
asamalar1 tamamlanmis olmalidir. Bu asamalardan sonra
kesici takim arabasi {izerine ultrasonik {inite
yerlestirilmektedir. Kesici takima titresim saglayan horn
ise takim tizerine konumlandirildiktan sonra kelepgenin
stkilmastyla kullanima hazir olmaktadir. Kesme islemi
oncesinde firinla ig pargasinin 1sitilmasi saglanmaktadir.
Isitma siiresince kizilotesi termometre veya termokupl ile
sicaklik kontrolii yapilabilir. Isitma tamamlandiginda
portatif firin ¢ikarilarak kesici takim arabasi igpargasina
yaklastirilip kesme islemi baglatilmaktadir. Kesime
baglanmadan hemen once ultrasonik iireteg agilip kesici
takima titresim saglanmasi baslatilmaktadir. Sekil 4’te
tiim initenin tezgaha yerlestirilmis hali sematik olarak
gosterilmistir.

Sekil 4. Sicak ultrasonik imalat sistemi (Hot ultrasonic

machining system)

3.5. Horn niimerik tasarima (Numerical design of horn)

Analizler Solidworks programinda gergeklestirilmistir ve
oncelikle mesleme operasyonu yapilmistir (Sekil 5).

Dogrusal dinamik analiz gergeklestirilmistir. Analizde
hornun iist kismi mesnetlenmistir. Hornun {ist kismina
yer degistirme degeri olarak 0,02 mm verilmistir ve
modal soniimleme oran1 0,1 olarak verilmistir. Yapilan
analiz sonucunda horn von Mises gerilme degerleri Sekil
6’da verilmistir. Hornun orta kisminda gerilemeler 35
MPa degerlerine kadar yiikselirken serbest u¢ kisimda
0,6 MPa degerine kadar diismektedir. Horn i¢in gerinim
degerleri Sekil 7’de verilmistir. Horn i¢in u¢ kisimda
gerinim degerleri 0,04 mm degerlerindedir.
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3.6. imalat sistem maliyeti (Manufacturing system cost)

Tasarlanan iinitede kullanilan cihazlar icin prototip
olusturulmustur. Ultrasonik giic kaynagi ve konvertor
mevcut halde ultrasonik kaynak ekipmanlarinda
kullanilan sistemlerle aynidir. Kesici takima titresimi
aktaran horn kismi ise kullanilacak takim tutucunun
mekanik ve malzeme Ozelliklerine gore 6zel olarak
tasarlanmistir. Horn tasarimi sirasinda niimerik analiz ile
titresim karakteristikleri g6z oniine alimmuistir. Ultrasonik
fikstiir ise tezgaha uygun olarak tasarlanmistir. Firin
tasariminda en yiiksek sicaklik degeri ve is pargasinin
cap1 onemli tasarim parametreleridir. Uretilen prototip
maliyetleri  Cizelge 1°de  verilmistir. ~ Maliyet
Cizelgesundaki degerlere miihendislik, isgilik ve
malzeme maliyetleri dahildir.

Talasli imalat ile ilgili tezgah firmalar1 incelendiginde
spesifik talagli imalat operasyonlart i¢in tezgah iireten
firmalar kisitlidir. Ultrasonik ekipman iireten firmalar
daha ¢ok kaynak prosesine yogunlagmis durumdadir.
Yapilan tasarim ise daha ¢ok talagli imalat proseslerine
yoneliktir. Isil iglem firini tireten firmalar i¢in de gerekli
olan sistem spesifik bir tasarim ve liretim gerektirdigi icin
benzer {iriin sayisi piyasada ¢ok kisithdir.

Tasarlanan bu yeni imalat sisteminin  temel
kullanicilarindan biri havacilik malzemelerininin talas
imalat ile sekillendirilmesini yapan firmalardir.
Kullanilan bu imalat sistemi 06zellikle havacilik
malzemelerinin talagli imalat ile islenmesinde biiyiik
kolayliklar saglar. Bir diger temel kullanicilar ise
biyomedikal sektoriidiir. Ozellikle kisiye 6zel implant
islemesinde gelistirilen sistem kullanilabilir. Tkincil
miisteri grubu ise mikroisleme iizerinde yogunlasan
firmalardir. Saat-optik endiistrisinde yaygin olarak
kullanilan mikroigleme operasyonlarinda ultrasonik
yardimli isleme yaygin olarak kullanilmaktadir.

Cizelge 1. EKipman maliyetleri (Cost of equipments)

Ekipman Maliyet
Ultrasonik gii¢ kaynagi 1950 euro
Ultrasonik konvertor 1000 euro
Aluminyum horn 1000 euro
Ultrasonik fikstiirii 750 euro
On 1sitma firm 3500 euro
TOPLAM 8200 euro

4. SONUCLAR VE ONERILER (RESULTS AND
SUGGESTIONS)

Bu calisma kapsaminda yaygin olmayan bu iiretim
yontemi olan sicak ultrasonik yardimli imalat yonteminin
tanitimi, kullanim alanlar1 ve avantajlar1 incelenmistir.
Ayrica ekonomik analizi ger¢eklestirilmistir. Tasarlanan
yeni imalat sistemi ile kullamicilara su faydalar
saglanacaktir.

1. Aralikli kesmeden dolayr takim asinmasi
azalacak, takim omrii artacaktir.

2. Kesme islemi kolaylagacak, ortalama kesme

kuvvetleri diisecektir.
3. Daha diizgiin ylizeyler elde edilecek, yiizey
puriizliligi diisecektir.
Tirlama titresimleri 6nlenecektir.
Isparcasi lizerindeki artik gerilmeler azalacaktir.
Uretim maliyetleri diisecektir.

N o o &

Ultrasonik titresim ile isleme temiz bir iiretim
teknigidir. Dogay: kirletmez ve doga dostudur.
Kesme sivist tiiketimini azaltir.
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oz

Geleneksel tasarim siireclerinde bir yapinin tasariminda bir Onboyutla tasarima baglanarak, bu tasarimin gerekli kosullari
saglamamasi durumunda miihendislik dnsezisiyle tasarim degistirilerek yenilenmektedir. Bu siiregte, basta dayanim olmak {izere;
dayaniklilik, stabilite, siineklik ve rijitlik kosullarini saglayan bir yap1 tasarlandiginda, 6zellikle daha ekonomik bir yapr igin tasarim
birkag deneme-yanilmadan &teye gidilememektedir. Oysa kaynaklarin giin gectikge azalmasi ve ¢evre kirliligindeki artislar,
yapilarin minimum maliyetle yada emisyonla tasarlanmalarini gerektirmektedir. Bu ¢alismanin temel amaci, tabaninda anahtar
kesiti bulunan bir betonarme konsol istinat duvarinin, JAY A algoritmasi kullanilarak, minimum maliyetle yada CO2 emisyonuyla
tasarimlarmin gerceklestirilmesinden ibarettir. Betonarme istinat duvar1 probleminde 12 tasarim degiskeni bulunmaktadir. Bu
tasarim degiskenleri duvar boyutlarina ve duvarin gesitli bolgelerindeki donatilara iligkindir. Problemin toplam 25 sinirlayicist
bulunmakta ve bu simrlayicilar duvarin kayma, devrilme ve tagima giicii tahkikleri, betonarme kesit denetimleri ve boyut ile
donatilara iligskin kosullardan olugsmaktadir. Caligma kapsaminda gergeklestirilen sayisal uygulamanin optimum tasarimda; duvar
arkasindaki zemin parametreleriyle siirsarj yiikiiniin biiyiikliigiiniin duvarin minimum maliyetine ve CO2 emisyon degerine etkisi
incelenmektedir.

Anahtar Kelimeler: Optimizasyon, istinat duvari, jaya algoritmasi.

Optimum Design of Rc Retaining Walls with Key
Section using Jaya Algorithm

ABSTRACT

In the traditional design process, the design starts with preliminary dimensions that may change by using engineering intuition after
unfulfillment of necessary design conditions. By this way, the design is renewed with the new dimensions determined. In this
process, when designing a structure that provides enough durability, stability, ductility and stiffness, the design is not going to go
beyond trial-and-error especially for a more economical structure. However, the ever-decreasing supply of resources and the
increase in environmental pollution require the structures to be designed with minimum cost or emission. The main purpose of this
study is to perform minimum cost or CO2 emission design of a reinforced concrete console retaining wall with a key section at the
bottom by using JAYA algorithm. There are 12 design variables utilized in this optimization process. The design variables are
related to the wall dimensions and reinforcement placed at the various regions of the wall. The design problem has a total of 25
constraints that are related with the slip, overturning, bearing capacity and overall dimensions of the wall, dimension check of the
cross section and the amount of reinforcement. In the optimum design of the numerical example given in this study, the effect of
the magnitude of the surcharge load and the effect of the parameters of the soil behind the wall on the minimum cost and CO2
emission design of the wall is investigated.

Keywords: Optimization, retaining wall, jaya algorithm.

1. GIRiS (INTRODUCTION) Bilgisayar yazilim ve donanimlarinin gelismesiyle sayi-
sal optimizasyon teknikleri dnemli bir yol kat etmis ve

bircok alanda kullanilmaya bagslanmigtir. Geleneksel
yontemlerle tasarlanan yapilarda ekonomi daha ¢ok mii-
hendislik 6nsezisiyle saglanirken, optimizasyon teknikle-
rinin yapisal tasarimda kullanilmasiyla minimum
maliyetli yapilarin insa edilmesi saglanabilmistir. Dahasi
bu gelismeler siirekli degiskenli problemlerin yani sira
daha karmasik olan ve ayrik degiskenlere sahip problem-
lerin ¢6ziilebilmesini de miimkiin kilmistir [1]. Gegtigi-
*Sorumlu Yazar (Corresponding Author) miz on yilda birgok sezgisel algoritma gelistirilmis ve bu
e-posta : htozturk@ktu.edu.tr

Bilindigi gibi istinat duvarlar1 yol ve temel insaatlarinda
siklikla kullanilan sanat yapilaridir. Bu yapilar kagir, 6n
iiretimli yada yerinde dokme beton yada betonarme ola-
rak tretilmektedirler. Bunlardan konsol betonarme isti-
nat duvarlart daha ince kesitler gerektirdiginden kazi
miktariin da az olmasi istendigi yerlerde daha ¢okga ter-
cih edilmektedir. Konsol istinat duvarlari gdvde, burun
ve topuk kesitlerinden olugsmaktadir.
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algoritmalar miihendislik problemlerinde kullanilmistir.
[2-5]

Istinat duvarlarmin optimizasyonu konusunda da litera-
tiirde birgok ¢alisma bulunmaktadir. Bu ¢alismalardan is-
tinat  duvarlarmin  sadece  minimum  maliyetle
optimizasyonu; Benzesimli Tavlama Algoritmasiyla
[6,7], kademeli govdeye sahip istinat duvarlarinda Yiiklii
Sistem Arama Algoritmasiyla [8], Degistirilmis Pargacik
Siirli Optimizasyon Algoritmasiyla [9] ger¢eklestirilmis-
tir. Zemin tahkiklerine gore optimizasyonu hedef giive-
nilirlik yaklagimiyla [10], sadece minimum CO;
emisyonu i¢in optimizasyonu, melez bir algoritma olan
Coklu Baslangic Degiskenli Komsuluk Arama Esigi
Stratejik Algoritmasiyla [11], minimum maliyet yada
agirlik icin optimizasyonu; Dogrusal Olmayan Program-
lamayla [12], Armoni Arama Algoritmasiyla [13], Biiyiik
Patlama Biiyilk Cokiis Algoritmasiyla [14], Parcacik
Siirli, Ates Bocegi ve Guguk Kusu algoritmalariyla kar-
stlastirmalr olarak [15] gerceklestirilmigtir. Ayrica dep-
rem  yiklerini de  dikkate alarak  maliyet
optimizasyonunda, Ismn Optimizasyon Yontemi [16],
Parcacik Siirii Optimizasyon Algoritmasi [17] ve Levy
Uguslari ile Biyocografya Tabanli Optimizasyon Algorit-
mas1 [18] kullanilmigtir. Bununla birlikte literatiirde
JAY A Algoritmasinin istinat duvarlarina uygulandig1 bir
calismaya rastlanmamustir.

Bu ¢aligmada maliyet optimizasyonu yaninda CO2 emis-
yonu i¢in de optimizasyon gerceklestirilmistir. Bilindigi
gibi karbon emisyonun ¢evreye verdigi zararlar giinden
giine artmaktadir. Karbon emisyonunun artmasi atmosfe-
rimizde sera etkisine neden olmaktadir. Bu baglamda
yapt malzemelerinin {iretiminde ortaya c¢ikan emisyon
degerleri dikkate alinarak, yapida kullanilan malzeme
miktarlarinin bu bakimdan optimize edilmesiyle CO, sa-
liniminin minimuma indirilmesi, gevreye verilen zarari
da minimum diizeye indirecektir.

Bu ¢alismanin temel amaci1 tabaninda anahtar kesit eklen-
mis bir konsol betonarme istinat duvarinin maliyet yada
CO; emisyonu bakimindan optimum tasarimint JAY A al-
goritmastyla gergeklestirmek ve bu optimum tasarimda;
duvar arkasindaki ve temeldeki zemin parametreleriyle
slirsarj yliklin biiytikligiiniin duvarin minimum maliye-
tine ve CO; emisyon degerine etkisi incelemektir.

2. JAYA ALGORITMASI (JAYA ALGORITHM)

JAYA Algoritmasi en iyi ¢oziime ulasarak zafer kazan-
maya calisan bu 6zelligiyle Sanskrit¢cede zafer anlamina
gelen bir kelime olan JAY A ile adlandirilan bir algorit-
madir [6]. Algoritma basariya ulasmak i¢in siirekli iyi
¢Oziimlere yaklagsmaya, basarisizliktan uzaklagsmak ig¢in
ise kotii ¢oziimlerden uzaklagmaya ¢aligmaktadir. Bu al-
goritmada da diger optimizasyon algoritmalar1 gibi, bir
amag fonksiyonunun (f(x)) maksimizasyonu yada mini-
mizasyonu hedeflenmektedir. Herhangi bir i. iterasyonda
m tasarim degiskeni sayisini, (j=1,2,....,m), n aday ¢o-
ziim sayisini (popiilasyonda en iyi ve en kotii ¢6ziim di-
sindaki  diger bireylerin sayisin1)  (k=1,2,...,n)
gostermektedir. Aday ¢oziimler icerisinde en iyi ¢dziim

f(X)pest, en kotil ¢6ziim ise f(X)worst Olarak saklanmak-
tadir. Algoritmada herhangi bir i. iterasyonda k. aday ¢6-
ziimiin j. Degiskeni Xj,; seklinde ifade edilirse, bu
degisken:

X 'j,k,i = Xj,k.i 0 (Xj,best,i _|Xj,k,i |)
—h (Xj,worst,i - Xj,k,i|)

ifadesiyle yenilenmektedir. Burada Xjpes; en iyi ¢o-
ziimde j. tasarim degiskeninin degeri, X; yorst,; €n koti
¢oziimde j. tasarim degiskeninin degeri X';,; ise
X; i 'nin yenilenen degeridir. 7y ;; ver,;; i.iterasyonda
j- tasarim degiskeni icin [0,1] araliginda tretilen iki rast-
gele sayidir. 7y, j_i(Xj‘best‘i - |Xj‘k_i|) ifadesi iyi ¢ozlime

€]

yaklagsma egilimini, Tz,j,i(Xj,worst,i — |Xj,k,i|) ifadesi ise
kot ¢oziimden uzaklasma egilimini yonetmektedir. Yeni
tiiretilen X'}, ; ifadesinin, daha iyi bir amag fonksiyonu
degeri vermesi durumunda eski ¢6ziim terk edilerek bu
¢Oziim benimsenmektedir. Benimsenen bu ¢oziimler bir
sonraki iterasyon i¢in giris verisi olarak kullanilmaktadir.
Algoritmaya iliskin akis diyagrami asagidaki Sekil 1°de
verilmektedir. Bu algoritma ile ilgili ayritili bilgiye [19]
kaynagindan ulagilabilmektedir.

3. AMAC FONKSIYONU VE TASARIM
DEGISKENLERI (OBJECTIVE FUNCTION
AND DESIGN VARIABLES)

Caligmanin amac1 tabaninda anahtar kesit bulunan beto-
narme konsol istinat duvarlarinin minimum maliyetle op-
timum tasarimlarimin gergeklestirilmesidir. Maliyet ve
CO; emisyonu optimizasyonu i¢in kullanilan amag fonk-
siyonlart sirastyla:

Fraiee =CW, +C.V,  ($/m) )

foniswon = Es W, +E.V, (kg /m) ®3)

seklinde ifade edilebilmektedir. Burada Cs donatinin bi-
rim maliyetini ($/kg), Ws kullanilan donati agirligim
(kg), Cc betonun birim maliyeti ($/m®) ve V; kullanilan
beton hacmini (m®), Es donat1 igin birim CO, emisyon
degerini, E¢ beton i¢in birim CO2 emisyon degerini gos-
termektedir. Beton ve donatinin birim maliyetleri sira-
siyla 40 $/m® ve 0.40 $/kg olarak alinmugtir. Birim
emisyon degerleri ise donati ve beton i¢in sirasiyla 2,82
kg/kg ve 224,34 kg/m? olarak almmustir [20].

Tabaninda anahtar kesit bulunan konsol istinat duvarinin
tasarim degiskenleri kesit boyutlar1 ve asal donatilara
iligkin degiskenlerden olugmaktadir. Bu degiskenler asa-
gi1daki Sekil 2°de verilmektedir.

maliyet

emisyon

284



TABANINDA ANAHTAR KESITI BULUNAN BETONARME ISNINAT DUVARLARININ JAY ... Politeknik Dergisi, 2019; 22 (2) : 283-291

Popiilasyon boyutu, tasanm degiskeni
sayist ve maksimum iterasyon sayismin

En kétii ve en iyi bireylerin bulunmast

Diger bireylerin en iyi ve en kétii bireylere gére degistirilmesi
X=X +n; (Xj.br.u _|Xik.z‘)_rl.j.i (XJ.W : _‘Xjn”

i i

Evet Yeni olusturulan bir Hayir

eskinden daha iyi mi?

Yeni olugturulan
bireyle devam et

Eski bireyle devam et

Hayir Maksimum iterasyon Evet

sayisina ulasilds ma?
Optimum Tasarini Raporla

Sekil 1. Jaya Algoritmas1 Akis Diyagrami [19] (Flow chart of
JAYA Algorithm [19])

X4

X9

X11

X12
1
I I A P —_— !
X2 X3 X8 ! ! - w -
X6 X7
X1 4

Denetim Yapilan Kesitler

Sekil 2. Istinat duvarinmn tasarim degiskenleri ve denetim
yapilan kesitler (Design variables of retaining wall
and controlled sections)

4. SINIRLAYICILAR (CONSTRAINTS)

Yapisal sinirlayicilar istinat duvarinin devrilme, kayma
ve zemin tagima giicii denetimlerinin yani sira donatilarin
kenetlenme boylarinin, maksimum ve minimum donati
oranlarin duvar geometrisinin uygunlugunun ve kritik
kesitlerin kesme ve moment kapasitelerinin denetimi i¢in
kullanilmaktadir. Duvarin devrilme, kayma ve zemin
tagima giicli denetimleri:

S design O
1)="0 1< 4
g(1) SF, @)
SFdesign
9(2)==5—-1<0 )
S
SFdesign
9(3)=—gg—1<0 (6)
B

Burada SFo, SFs ve SFg duvar i¢in devrilme, kayma ve
tasima giicli denetimlerinden hesaplanan giivenlik

katsayilaridir. SFge™9™, SEI'9™  ve SFELE9™ ise

saglanmasini istedigimiz ve tasarimda dikkate aldigimiz

givenlik  katsayilaridir.  Duvar  altinda  ¢ekme
gerilmelerinin ¢ikmast istenmediginden bu durum da;
q .
4)=—-"mn < 7
9(4) =700 ()

sinirlayicisiyla denetlenmektedir. Burada Qmin temel
altinda olugan minimum gerilmedir. Smirlayicida
kullanilan 100 degeri smuirlayictyr olgeklemek icin
kullanilmaktadir [12]. Gévdede, burun, topuk ve anahtar
kesitte moment (M;) ve kesme Kkapasitelerinin (V)
tasarim moment (Mg) ve kesme kuvvetlerinden (Vg)
biiyiik olmasi,

g(5:8):%—130 (®)
g(9:12)=%—1£0 9)

r
siirlayicilariyla, govdede, burun, topuk ve anahtar
kesitte asal donati oraninin minimum donati oranindan
bliyiik ve maksimum donati oranindan kii¢iik olup
olmadigi,

g(13:16)=Pmn _1<0 (10)
p

g(17:20)=—L—-1<0
Prmax
sinirlayicilariyla denetlenmektedir. Burada pmax ve pmin

yonetmeliklerde [22] ifade edilen maksimum ve
minimum donati orani, p ise kesitlerdeki donati oranin

(11)

gostermektedir. Duvar geometrisinin  dogrulugunu
saglamak i¢in,

X, +X
g(21)=—2-—-1<0 (12)

1

siirlayicisy, anahtar kesit bulunan duvarda, anahtar
kesitin geometrik olarak temele uygunlugunu saglamak
i¢in ise asagida verilen,

X, +X
g(22)= 2070

~1<0 (13)

1

seklinde ifade edilen sinirlayict kullanilmaktadir.
Donatilarin kenetlenme boylar1 duvar kesitleri i¢inde
kalmas1 gerekmektedir. Burada kenetlenme boyu iki
asamada hesaplanmaktadir. ilk olarak diiz kenetlenme
boyu  hesaplanarak mevcut bolgeye  yerlesip
yerlesemedigi denetlenmektedir. Diiz kenetlenme boyu,
mevcut bolgeye sigmiyorsa, kancali kenetlenme boyu
hesaplanmakta ve bu boyun da mevcut bolgeye yerlesip
yerlesemedigi denetlenmektedir. Her iki tip kenetlenme
de uygun oluyorsa, daha az donat1 gerektiren kenetlenme
tiirli tercih edilmektedir. Kenetlenme boylari

I
0(23)- 52
5

-1<0 yada
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|
9(23)=—"—-1<0 (gsvdede) (14)
X, —C
I
9(24)=$—1§0 yada
X, -X,-¢
120
g(24)=X ——1<0 (burunda) (15)
5
|
25)=—"% __1<0
9= e yada
120
g(25)=X -1<0 (topukta) (16)
-
9(26)= by -1<0 yada
X, —
|
g(26):XLh_—1SO (anahtarda) 17

5

uygulamada segilen duvarin tasarim parametreleri

Cizelge 3’de verilmektedir.

Cizelge 2. Asal donatilar igin tasarim degiskeni veri havuzu
(Data pool of design variables for main bars)

Indeks Donati Donat1 Donat1 Alam

No Sayisi ¢ap1 (mm) (mm?)

1 3 10 235.6

2 4 10 314.1

3 3 12 339.2

4 5 10 392.6
221 16 30 11309.7
222 17 30 12016.5
223 18 30 12723.4

Cizelge 1. Tasarim degigkenlerinin alt, tist sinirlar1 ve artim degerleri (Upper, lower bounds and increments of design

variables)
Tasarim . Alt Ust
Degiskeni Birim Limit | Limit Artim
X1 m 1.96 5.50 0.01
X2 m 0.65 1.16 0.01
X3 m 0.25 0.50 0.01
X4 m 0.25 0.50 0.01
X5 m 0.40 0.50 0.01
X6 m 1.96 5.50 0.01
X7 m 0.20 0.50 0.01
X8 m 0.20 0.50 0.01
X9 Indeks No #1 #223 #1
X10 Indeks No #1 #223 #1
X11 Indeks No #1 #223 #1
X12 Indeks No #1 #223 #1

bagmtilariyla denetlenmektedir. Burada @ kenetlenecek
donatinin ¢apini, ¢ beton ortiisiinii, lgy diiz kenetlenme
boyunu, lgn ise kancali kenetlenmeye iliskin donati
boyunu goéstermektedir. Bu iki durumda geometrik
olarak uygunsa minimum maliyeti veren kenetlenme
cesidi segilmektedir.

5. SAYISAL UYGULAMA (NUMERICAL
EXAMPLE)

Sayisal uygulama olarak anahtar kesiti olan ve
kohezyonsuz bir zemin iizerine oturan istinat duvarmin
minimum maliyet icin optimum tasarimi
gerceklestirilmigtir. Daha once de belirtildigi gibi,
duvarda anahtar kesit bulunmasi durumunda 12 tasarim
degiskeni bulunmakta ve bu tasarim degiskenleri Sekil
1’de  gorilmektedir. Bu problem igin tasarim
degiskenlerinin alt ve st smirlart Cizelge 1’de
verilmektedir. Problemde asal donatilar 223 adet donati
konfigiirasyonu bulunan ve Cizelge 2’de Ozetlenen
tasarim  degiskeni  havuzundan  alinmistir.  Bu

Cizelge 3. Sayisal uygulama i¢in tasarim parametreleri (Design
parameters for numerical example)

Girig Parametresi Degeri
Duvar Govde Yiiksekligi 45m
Sev Egimi (B) 0°
Duvar arkasindaki zeminin igsel siirtiinme 28°
agist (¢)

Temel zemininin i¢sel siirtiinme agis1(@") 34°
Duvar arkasindaki zeminin birim hacim 18.5 kN/m?
agirligi (ys)

Temel zemininin birim hacim agirlig1 (ys") 17 kKN/m®
Temel zemininin kohezyonu (c) 0 kPa
Duvar 6niindeki zemin derinligi (D) 0.3m
Siirsarj ytikii (q) 30 kPa
Devrilme giivenlik katsayist 15
Kayma giivenlik katsayisi 15
Zemin tagima giicii giivenlik katsayis1 1.5
Yiik katsayist 1.7
Beton ortiisii 70 mm
Beton basing dayanimi 21 MPa
Donat1 akma dayanimi 400 MPa
Rétre ve sicaklik degisimi donatist orani 0.002
Betonun birim hacim agirhigi 23.5 KN/m?
Donatinin birim hacim agirlig 78.5 KN/m?

286



TABANINDA ANAHTAR KESITI BULUNAN BETONARME ISNINAT DUVARLARININ JAY ... Politeknik Dergisi, 2019; 22 (2) : 283-291

S6z konusu problem JAY A Algoritmastyla ¢oziilmiis ve
maliyet ile CO, emisyonu optimizasyonlar i¢in 100’er
bagimsiz  kosum  gerceklestirilmistir.  Algoritma
MATLAB yaziliminda programlanmistir. Kosumlarda
INTEL(R) Xeon(R) E5-1650 v3 CPU 3.50 GHz
islemciye sahip is istasyonu kullanilmistir. Dikkate
alinan sinirlayicilarin algoritmalara eklenmesinde, ceza
fonksiyonu yontemi kullanilmigtir. Her bir kosumda
popiilasyon boyutu 80 alinarak 240080 amag fonksiyonu
degerlendirmesi yapilmistir.

Bagimsiz kosumlarda elde edilen en iyi emisyon degeri
1335.02 kg/m, ortalama emisyon degeri 1337.19 kg/m,
en kotii emisyon degeri 1380.22 kg/m ve bunlarin
standart sapmasit 9.50 kg/m olarak elde edilmistir.
Maliyet optimizasyonu i¢in basarim orant %100, CO;
emisyonu optimizasyonu igin basarim orani ise %94’ diir.
Diger bir deyisle maliyet optimizasyonunda
gerceklestirilen bagimsiz kogumlarin 100’iinde de global
minimuma ulasilmig, CO, emisyonu optimizasyonunda
ise bagimsiz kosumlarin 94’iinde global minimuma
ulasilmigtir. Algoritmanin maliyet optimizasyonu igin
global minimuma ulastigi ama¢ fonksiyonu sayilarinin
en iyi degeri 20800, ortalama degeri 39412, en kot
degeri 86160 ve standart sapmasi 10894°diir. CO;
emisyonu optimizasyonunda ise en iyi degeri 23520,
ortalama degeri 51328, en kot degeri 240080 ve standart

sapmasit  48968’dir. Bu durum da  maliyet
optimizasyonunda  yakinsamanin CO;  emisyonu
optimizasyonuna  gére daha  hizli  oldugunu

gostermektedir. Optimizasyon sonucu ulasilan minimum
maliyet ve minimum CO; emisyonu i¢in elde edilen
tasarim  degiskenleri  asagidaki  Cizelge 4’de
verilmektedir.

Cizelge 4. Elde edilen optimum tasarim degiskeni degerleri
(Obtained optimum values of design variables)

Maliyet CO2 emisyonu
optimizasyonu | optimizasyonu
Tasarim degiskeni Birim Birim
X1 3.75m 3.75m
X2 0.65m 0.65m
X3 0.50 m 0.50 m
X4 0.25m 0.25m

X5 0.40m 040 m
X6 220m 218'm
X7 0.20m 0.20m
X8 0.50m 0.50m
X9 16014 2012
X10 15010 15010
X11 25012 25012
X12 6010 6010
T%%Z”;nﬁgyg’ﬁzl 216.2519 $/m | 1335.02 kg/m

170 5 B=00, q=0 kPa, ¢,=0 kPa
0 =280
160 — _ =28
~~
£
& 150
15
2140 —
=
130
120 ‘ ‘ ‘
28 32 36 40

Duvar Arkasindaki Zeminin Igsel Siirtinme Agisi (©)

1000 —
0

950 —

B=00, q=0 kPa, ¢,=0 kPa
$,=280

900 —

850 —

800 —

CO, Emisyonu (kg/m)

28 32 36 40
Duvar Arkasindaki Zeminin Igsel Siirtiinme Acis1 (©)
Sekil 3. Optimum maliyet ve emisyon degerlerinin duvar
arkasindaki zeminin igsel siirtinme agisiyla
degisimi (Variation of optimal cost and emission
values in terms of internal friction angle of soil
behind of the wall)

Cizelge 5. Farkli igsel siirtinme agilar1 i¢in maliyet optimizasyonundan elde edilen tasarim degiskeni degerleri (Obtained
optimum values of design variables from cost optimization for different internal friction angles)

Maliyet Optimizasyonunda Elde Edilen Optimum Tasarim Degiskenleri

0] X1 X2 X3 X4 X5 X6 X7 X8

m) | m | m | m) | m) | m) | @ | @ | X | X0 | XX
28 2531065 | 041 | 0.25 {040 | 2.08 | 0.20 | 0.49 | 19910 | 15310 | 15010 | 6010
30 2.43 | 0.65 0.4 0.25 | 040 | 2.03 | 0.20 | 0.41 | 18Q10 | 15010 | 15010 | 6310
32 2331065 | 036 | 025|040 | 2.12 | 0.20 | 0.33 | 199910 | 15310 | 15010 | 6010
34 | 224 | 0.65 | 0.37 | 0.25 1040 | 1.99 | 0.20 | 0.26 | 1710 | 15010 | 15010 | 610
36 2.16 | 0.65 | 0.36 | 0.25 | 040 | 1.96 | 0.20 | 0.20 | 16010 | 15310 | 150310 | 6010
38 2.16 | 0.65 | 0.37 | 0.25 | 040 | 1.96 | 0.20 | 0.20 | 14910 | 1510 | 15010 | 6010
40 216 | 0.65 | 0.33 | 0.25 {040 | 1.96 | 0.20 | 0.20 | 15010 | 15310 | 150310 | 6010
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Cizelge 6. Farkli i¢sel siirtiinme agilari i¢in CO2 emisyonu optimizasyonundan elde edilen tasarim degiskeni degerleri (Obtained
optimum values of design variables from CO2 emission cost optimization for different internal friction angles)

CO; Emisyonu Optimizasyonunda Elde Edilen Optimum Tasarim Degiskenleri

[0} X1 | X2 | X3 | X4 | X5 | X6 | X7 | X8

(m) | (m) | () | m) | (m) | (m) | (m)| (| X | X9 | X | X2
28 | 252 | 0.65 | 0.44 | 0.25 | 0.40 | 2.28 | 0.20 | 0.50 | 12012 | 15@10 | 150010 | 6G10
30 | 243 | 0.65 | 0.40 | 0.25 | 0.40 | 1.97 | 0.20 | 0.41 | 18010 | 15@310 | 150010 | 6@10
32 | 233 | 0.65 | 041 | 0.25 | 0.40 | 2.00 | 0.20 | 0.34 | 16010 | 15010 | 150010 | 6G10
34 | 224 | 0.65 | 0.37 | 0.25 | 0.40 | 1.96 | 0.20 | 0.26 | 17010 | 15010 | 15010 | 6@10
36 | 2.16 | 0.65 | 0.36 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 16010 | 15@310 | 150010 | 6G10
38 | 2.16 | 0.65 | 0.37 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 14010 | 15010 | 150010 | 6@10
40 | 2.16 | 0.65 | 0.33 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 15010 | 15@10 | 150310 | 6@10

Duvar arkasindaki zeminin igsel siirtlinme agisinin
optimum tasarima etkisini incelemek {izere diger
parametreler sabit kalmak {izere i¢sel siirtiinme ag1s1 30 °,
329, 34°, 36°, 38° ve 40° alinarak optimum tasarimlar
gerceklestirilmigtir. Gergeklestirilen tasarimlarda elde
edilen optimum maliyet ve emisyon degerlerinin duvar

180 —

170 - $=40°, q=0 kPa; ¢,=0 kPa
- 9,28
g _
1953
N—
k)
>
G
=

0 10 20 30

Sev Egimi (°)

Sekil 3’den istinat duvarinin arkasindaki zeminin igsel
slirtiinme agisinin artmastyla, maliyetin ve CO2 emisyon
degerinin azaldig1 goriilmektedir. Cizelge 5 ve 6’dan
farkli icsel siirtiinme agis1 degerleri icin tasarim
degiskenlerinin degisimi incelendiginde, igsel siirtiinme
acist arttikca temel genisliginin (X1), duvar gdvdesinin

1100 —

E ¢=40°, =0 kPa, ¢,=0 kPa
20 1000 — $,=28°

=]

=)

S 900
4

g
M 800

o~
@) O
O

700 \ \ \

0 10 20 30

Sev Egimi (°)

Sekil 4. Optimum maliyet ve emisyon degerlerinin sev agisiyla degisimi (Variation of optimal cost and emission values in

terms of backfill slope)

Cizelge 7. Farkli sev agilari i¢in maliyet optimizasyonundan elde edilen tasarim degiskeni degerleri (Obtained optimum values
of design variables from cost optimization for different backfill slopes)

Maliyet Optimizasyonunda Elde Edilen Optimum Tasarim Degiskenleri

B X1 | X2 | X3 | X4 | X5 | X6 | X7 | X8

(m) | (m) | ) | (m) | (m) | (m) | (m) | (m) | X | X0 | Xt | X2
0 | 216 | 065|033 | 025|040 196 |0.20 | 0.20 | 15010 | 15010 | 15010 | 6010
5 1216072 ] 033 ] 025|040 196 | 0.20 | 0.20 | 16010 | 15010 | 15010 | 6@10
10 | 216 | 0.69 | 0.35 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 16010 | 15010 | 15010 | 6010
15 [ 216 | 0.99 | 0.36 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 16010 | 15010 | 15010 | 6010
20 | 2.16 | 0.89 | 0.39 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 160210 | 15010 | 15010 | 6010
25 |1 216 | 116 | 040 | 0.25 | 0.40 | 1.96 | 0.20 | 0.36 | 16010 | 15010 | 15010 | 6010
30 | 216 112|041 ] 025 |040] 196 | 0.20 | 0.44 | 18010 | 15010 | 15010 | 6010

arkasindaki zeminin igsel siirtinme agisiyla degisimi
Sekil 3’de goriilmektedir. Bununla birlikte farkli igsel
sirtiinme agilar1 igin maliyet ve CO2 emisyonu
optimizasyonlarindan elde edilen optimum tasarim
degiskenleri sirasiyla Cizelge 5 ve Cizelge 6’da
goriilmektedir.

temelle birlestigi kesitinin genisliginin (X3), anahtar
kesitin derinliginin (X8) ve gdvde donatis1 miktarinin
(X9) azalma egiliminde oldugu, anahtar kesitin yerinin
(X6) de buruna dogru kaydig: goriilmektedir
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Cizelge 8. Farkli sev agilar icin CO2 emisyonu optimizasyonundan elde edilen tasarim degiskeni degerleri (Obtained optimum
values of design variables from CO2 emission cost optimization for different backfill slopes)

CO; Emisyonu Optimizasyonunda Elde Edilen Optimum Tasarim Degigkenleri

B X1 | X2 | X3 | X4 | X5 | X6 | X7 | X8

(m) | (m) | (m) | m) | m) | (m) | (m)| ()| O | X0 | XA | X2
0 | 216|065 | 0.33 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 15010 | 15010 | 15010 | 610
5 | 216 | 065 | 0.35 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 15010 | 15010 | 15010 | 610
10 | 2.16 | 0.84 | 0.38 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 14010 | 15010 | 15010 | 6&10
15 | 216 | 0.71 | 0.39 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 15010 | 15010 | 15010 | 6B310
20 | 2.16 | 0.89 | 0.39 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 16@10 | 15010 | 150310 | 6&10
25 | 216 | 1.04 | 041 | 0.25 | 0.40 | 1.96 | 0.20 | 0.32 | 16010 | 15010 | 150310 | 6010
30 | 216 | 1.08 | 0.43 | 0.25 | 0.40 | 1.96 | 0.20 | 0.43 | 17010 | 15010 | 150310 | 6&10

Sev ac¢isinin optimum tasarima etkisini incelemek {izere
diger parametreler sabit kalmak iizere sev agis1 5°, 10°,
15°, 20° 25° ve 30° almarak optimum tasarimlar
gerceklestirilmistir.  Gergeklestirilen tasarimlarda elde
edilen optimum maliyet ve emisyon degerlerinin sev
acistyla degisimi Sekil 4’de goriilmektedir. Bununla
birlikte farkli sev acgilari igin maliyet ve CO, emisyonu
optimizasyonlarindan elde edilen optimum tasarim
degiskenleri sirasiyla Cizelge 7 ve Cizelge 8’de
goriilmektedir.

Sekil 4’den istinat duvarmin arkasindaki sev agisinin
artmastyla, maliyetin ve CO, emisyon degerinin arttig1
goriilmektedir. Cizelge 7 ve 8’den farkli sev agisi

degerleri i¢in tasarim  degiskenlerinin  degisimi
incelendiginde, sev acis1 arttikca burun plagnin
200 —

B=0°, 4=40°
7cb:0 kPa, ¢,=28°

Maliyet ($/m)
2
|

120 T T T T \

0 10 20 30 40
Stirsarj Yiikii (kPa)

uzunlugunun (X2), duvar gdvdesinin temelle birlestigi
kesitinin genigliginin (X3), ve gévde donatist miktarinin

(X9) artma egiliminde oldugu goriilmektedir. Ayrica sev
acisinin 20%nin iizerine ¢iktigi durumda anahtar kesit
derinliginin (X8) de arttig1 goriilmektedir.

Stirsarj yiikiin optimum tasarima etkisini incelemek izere
diger parametreler sabit kalmak iizere siirsarj yiik 0, 10,
20, 40 ve 50 kPa alinarak optimum tasarimlar
gerceklestirilmigtir. Gergeklestirilen tasarimlarda elde
edilen optimum maliyet ve emisyon degerlerinin siirsarj
yiik ile degisimi Sekil 5’de goriilmektedir. Bununla
birlikte farkli siirsarj yiikleri i¢in maliyet ve CO;
emisyonu optimizasyonlarindan elde edilen optimum
tasarim degiskenleri sirasiyla Cizelge 9 ve Cizelge 10°da
goriilmektedir.

1200 —
1100 —

1000 —

900 B=0°, g=40°

¢,=0 kPa, ¢,=28°

CO, Emisyonu (kg/m)

700 T T T T \

0 10 20 30 40 50
Siirsarj Yiikii (kPa)

Sekil 5. Optimum maliyet ve emisyon degerlerinin siirsarj yiikiiyle degisimi (Variation of optimal cost and
emission values in terms of surcharge load)

Cizelge 9. Farkli siirsarj yiikleri i¢in maliyet optimizasyonundan elde edilen tasarim degiskeni degerleri (Obtained optimum
values of design variables from cost optimization for different surcharge loads)

Maliyet Optimizasyonunda Elde Edilen Optimum Tasarim Degiskenleri

q X1 X2 X3 X4 X5 X6 X7 X8

(m) | (m) | () | m) | m) | m) | (m)| ()| O | X0 | X | X2
0 |216 | 065 | 0.33 | 0.25 | 040 | 1.96 | 0.20 | 0.20 | 15010 | 15010 | 15G10 | 6@10
10 | 2.16 | 0.65 | 0.38 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 17010 | 15010 | 15010 | 6310
20 | 2.30 | 0.65 | 0.42 | 0.25 | 0.40 | 2.08 | 0.20 | 0.23 | 190910 | 15@10 | 150310 | 6&10
30 | 242 | 0.65 | 0.47 | 0.25 | 0.40 | 2.18 | 0.20 | 0.33 | 20310 | 15@10 | 150310 | 6010
40 | 251 | 0.68 | 0.50 | 0.25 | 0.40 | 2.00 | 0.20 | 0.45 | 220310 | 15@10 | 170310 | 6&10
50 | 2.60 | 0.65 | 0.49 | 0.25 | 0.44 | 2.37 | 0.20 | 0.46 | 2610 | 17G10 | 20010 | 6&10
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Cizelge 10. Farkl: siirsarj yiikleri icin CO2 emisyonu optimizasyonundan elde edilen tasarim degiskeni degerleri (Obtained
optimum values of design variables from CO2 emission cost optimization for different surcharge loads)

CO; Emisyonu Optimizasyonunda Elde Edilen Optimum Tasarim Degiskenleri

q X1 | X2 | X3 | X4 | X5 | X6 | X7 | X8

(m) | (m) | (m) | m) | m) | (m) | (m)| (| X | X9 | X | X2
0 | 216 | 065 | 033 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 15010 | 15010 | 15010 | 6&10
10 | 216 | 0.65 | 0.38 | 0.25 | 0.40 | 1.96 | 0.20 | 0.20 | 17010 | 15010 | 15010 | 6010
20 | 2.30 | 0.65 | 0.42 | 0.25 | 0.40 | 2.05 | 0.20 | 0.23 | 19910 | 15010 | 150010 | 6G10
30 | 242 | 0.65 | 0.47 | 0.25 | 0.40 | 2.00 | 0.20 | 0.33 | 20010 | 15@310 | 150010 | 6G10
40 | 251 | 0.65 | 0.50 | 0.25 | 0.40 | 2.02 | 0.20 | 0.43 | 220310 | 150310 | 180310 | 6@310
50 | 2.60 | 0.66 | 0.49 | 0.25 | 0.44 | 2.40 | 0.20 | 0.47 | 26010 | 17010 | 199910 | 6G10

Sekil 5’den istinat duvarinin arkasindaki siirsarj yiikiin
artmasiyla, maliyetin ve CO> emisyon degerinin arttig1
goriilmektedir. Cizelge 9 ve 10’dan farkl: siirsarj yiikleri
icin tasarim degiskenlerinin degisimi incelendiginde,
stirsarj yiikii arttikga; temel genisliginin (X1), duvar
govdesinin temelle birlestigi kesitinin genisliginin (X3),
anahtar kesit derinliginin (X8) ve govde donatisi
miktarinin (X9) artma egiliminde oldugu, anahtar kesitin
yerinin (X6) de topuga dogru kaydigr goriilmektedir.
Ayrica siirsarj yikiiniin 30 kPa’in iizerine ¢iktig1
durumda burun ve topuk kesitlerindeki donatilarin (X10
ve X11) da arttig1 goriilmektedir.

6. SONUC (CONCLUSION)

Bu calismada bir sezgisel algoritma olan JAYA
algoritmas1 tabaninda anahtar Kkesit bulunan bir
betonarme konsol istinat duvarinin minimum maliyet
yada CO;  emisyonuyla  optimum  tasarimi
gerceklestirilmistir. Her iki durumda sayisal uygulamaya
konu olan istinat duvart i¢in optimum kesit ve asal
donatilar elde edilmistir. Bdylece bu algoritmanin
calismaya konu olan tabaninda anahtar kesit bulunan
istinat duvarlarinin optimum tasariminda etkin bir
sekilde  kullanilabilecegi  gosterilmistir.  Ayrica
gerceklestirilen  parametrik  ¢aligmalardan  duvar
arkasindaki zeminin igsel siirtiinme agisinin artmasiyla
optimum tasarima sahip duvarin maliyet ve CO2 emisyon
degerinin azalacagi, sev egimi ve slirsarj yiikiiniin
artmastyla ise optimum tasarima sahip duvarin maliyet
ve CO; emisyon degerinin artacagi goriilmektedir.
Bununla birlikte farkl igsel siirtiinme agis1 degerleri i¢in
tasarim degiskenlerinin degisimi incelendiginde, igsel
stirtinme acis1 arttikca temel genisliginin (X1), duvar
govdesinin temelle birlestigi kesitinin genisliginin (X3),
anahtar kesitin derinliginin (X8) ve gdvde donatisi
miktarinin (X9) azalma egiliminde oldugu, anahtar
kesitin yerinin (X6) de buruna dogru kaydig
goriilmektedir. Diger taraftan farkli sev agis1 degerleri
i¢in tasarim degiskenlerinin degisimi incelendiginde, sev
acis1 arttikca burun plaginin uzunlugunun (X2), duvar
govdesinin temelle birlestigi kesitinin genigliginin (X3),
ve govde donatist miktarinin (X9) artma egiliminde
oldugu goriilmekte, sev agisinin 20°’nin {izerine ¢iktig
durumda anahtar kesit derinliginin (X8) de arttig1
gorliilmektedir. Farkli siirsarj yiikleri i¢in tasarim
degiskenlerinin degisimi incelendiginde ise, siirsarj ylki

arttikga; temel genisliginin (X1), duvar gdvdesinin
temelle birlestigi kesitinin genisliginin (X3), anahtar
kesit derinliginin (X8) ve govde donatist miktarinin (X9)
artma egiliminde oldugu, anahtar kesitin yerinin (X6) de
topuga dogru kaydigi goriilmekte, siirsarj yiikiiniin 30
kPa’in izerine ¢iktigt durumda burun ve topuk
kesitlerindeki donatilarn (X10 ve X11) da arttifi
goriilmektedir.
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ABSTRACT

In this paper, oblique impact of ogive nose projectile on 5083-H116 aluminum alloy plates was numerically investigated. Three
parameters such as impact velocity, impact angle and target configuration were varied to observe their influence on the ballistic
resistance of targets. Based on the results, the oblique angle of impact acts an important role on the deformation mode of targets.
The penetration of projectile dominates targets under low oblique angle impacts and the deformation changes from embedment to
ricochet as oblique angle increases. Beside the oblique angle, the ballistic resistance of target is heavily dependent on impact
velocity. Targets are perforated as impact velocity increases even if oblique angle becomes larger. Target configuration is another
factor on the protective performance which is increased using thicker plates. The ballistic response of monolithic and double layer
targets for the same thickness is very close each other.

Keywords: Armor plate, aluminum, ballistic impact, finite element method.

AA5083-H116 Levhalarin A¢ili Mermi Carpma
Davranisi Uzerine Sayisal Bir Arastirma

(0)/

Bu ¢aligmada sivri u¢lu mermilerin AA5083-H116 levha iizerine acili ¢arpma durumlari sayisal olarak incelenmistir. Calismada
carpma hizi, carpma agisi ve hedef konfigiirasyonu degisken olarak tutularak bu degiskenlerin hedef balistik direncine olan etkileri
aragtirilmistir. Sonuglara gore, ¢arpma agisinin hedef hasari tizerinde 6nemli rol oynadigi belirlenmistir. Diisiik egimli ¢arpmalarda
hedef delinmesinin baskin oldugu ancak egim acisindaki artisin mermi gomiilmesine ve merminin sekmesine sebep oldugu
gbzlenmistir. Mermi hizinin yiiksek oldugu durumlarda ise egim agisi1 fazla olsa bile hedefte delinme gergeklesmektedir. Hedef
konfigiirasyonu ise diger bir 6nemli faktor olup hedef kalinlig1 arttikga balistik direng artmaktadir. Ayn1 kalinliga sahip tek ve ¢ift
katmanli hedefler birbirine yakin balistik davranis géstermektedir.

Anahtar Kelimeler: Zirh levhasi, aliiminyum, balistik carpma, sonlu elemanlar yontemi.

1. INTRODUCTION and ogival type penetrators exhibited more penetrative
Aluminum plates are extensively utilized in armor  €ffect in comparison to impactors with larger contact
systems due to their high strength to weight ratio. ~Surfaces such as flat-ended ones. Igbal et al. [3]
Investigations into the protective performance of  investigated the ballistic limits of targets with different
aluminum alloys were initiated in the early 1940s and the ~ configurations such as monolithic and multilayer targets.
primary objective was to achieve improved protection /AN 0give nose projectile was used in the impact tests and
against fragmentation by artillery shells. Aluminum according to this study, each target exhibits different
alloys especially 5083 alloys are designated for specific bf_iIIIStIC limits as the obllqu_lty is changed in the targets.
armor applications which are strengthened by work ~ Singh et al. [4] used functionally graded plates as the
hardening to increase their ballistic resistance to t@rgets inoblique low velocity impacts. Nishida etal. [5]
fragment penetration. These alloys are characterized by ~ Studied the local damage of composites panels subjected
proper formability, weldability and structural strength.  t0 oblique projectile impacts. A parametric approach was
Armor made of 5083 alloy has been widely used for ~ carried out using simulations which were verified by
ballistic protection in many applications, the most experimental results. Forrestal et al. [6] investigated

notable of which is the M113 Personnel Carrier hull  conical and ogival nose rigid rod projectiles that perforate
structure [1]. 5083-H131 and 6061-T65laluminum armor plates.

Borvik et al. [7] studied the ballistic resistance of 5083-
H116 aluminum armor plates under rigid and conical
nose rod impact. Gooch et al. [8] presented the ballistic
limit data for 6061-T651 aluminum plates. Borvik et al.
[9] studied the ballistic limit of 12 mm thick Weldox steel

Elaldi et al. [2] studied the influence of impactor
geometry on various targets. Based on this study, conical

*Sorumlu yazar (Corresponding Author)
e-mail:: sgurgen@ogu.edu.tr
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plates for projectiles with various nose. They found that
the ballistic limit is 185 and 300 m/s for blunt and conical
projectiles respectively. Gupta et al. [10] investigated the
perforation of aluminum plates under ballistic conditions.
It was reported that ogive nose projectile is most efficient
penetrator for 0.5 to 1.5 mm thickness aluminum plates
while blunt projectiles are suggested for 2 to 3 mm
thickness aluminum plates. Igbal et al. [11] studies the
influence of projectile nose angle on the ballistic limit of
12 mm thick Weldox steel plates. It was suggested that
the ballistic limit of these plates linearly increases with
the decrease in the projectile nose angle from 180° to
33.4° Yoshizawa et al. [12] showed that the ballistic
resistance of steel plates with the thickness of 7 to 38 mm
decreases as the nose angle of projectile decreases. Jones
etal. [13] investigated the perforation of aluminum alloys
under low and moderate velocity impact conditions. They
recommended empirical equations that are suitable for
estimating the perforation energy of the plates. Forrestal
et al. [14]-[16] used analytical modeling to calculate the
penetration depth and perforation resistance of different
materials. Paik et al. [17] investigated the characteristics
of deformation and perforation on thin-walled structures
under ballistic impact based on numerical simulations.
They presented an empirical formula that relates impact
energy absorbed up to perforation of the target plate with
the impact velocity of projectile. Dey et al. [18] studied
the ballistic resistance of double layered steel targets
impacted by blunt and ogival nose projectiles. It was
found that double layered plates offer a large gain in
ballistic limit against blunt projectiles but the advantage
disappears against ogival projectiles. Liu et al. [19]
numerically investigated the perforation of Weldox steel
and 5083-H116 aluminum alloy targets. It was suggested
that the proposed material model is effective to predict
the failure characteristics of the targets based on the
experimental outputs.

Despite the several investigations into the ballistic
resistance of metal plates in the literature, oblique
impacts have not been studied extensively. The majority
of ballistic studies focus on the worst case scenario with
normal impact conditions where the angle between the
projectile travel direction and the normal vector of target
is zero. However, most of the real conditions has some
degree of obliquity in the projectile impact on targets.
Oblique impact on targets was only discussed in early
review papers [20]-[23]. Beside the review papers, more
recent investigations into the oblique impact on different
targets can be found in [24]-[26]. In this paper, oblique
impact of rigid ogive nose projectile on 5083-H116
aluminum alloy plates was numerically investigated. The
numerical model was validated using experimental
results of Bervik et al. [27] where the targets were

subjected to rigid projectile perforation with the impact
angle of 90°. In the present study, three parameters such
as impact velocity, impact angle and target configuration
were varied to observe their influence in the ballistic
impacts. Based on the results, the oblique angle of impact
acts an important role on the deformation mode of
targets. The penetration of projectile dominates targets
under low oblique angle impacts and the deformation
changes from embedment to ricochet as oblique angle
increases. Beside the oblique angle, the ballistic
resistance of target is heavily dependent on impact
velocity. As it is expected, targets are easily perforated as
impact velocity increases even if oblique angle becomes
larger. Target configuration is another factor on the
protective performance which is increased using thicker
plates. The ballistic response of monolithic and double
layer targets for the same thickness is very close each
other.

2. MATERIALS AND METHOD
2.1. Material Properties

In the study, 5083-H116 aluminum alloy was used as the
target material. This alloy has the main alloying elements
of 4.75 wt% magnesium, 0.84 wt% manganese and 0.18
wt% iron [7]. For the armor plates made of 5083-H116
aluminum alloys, the US Army Research Laboratory
suggests some limit properties that the material should
satisfy such as ultimate tensile strength of 283 MPa, yield
strength of 200 MPa for 0.2% offset and percent
elongation of 0.10 at tensile failure [28]. In order to
obtain the mechanical properties of AA5083-H116 under
ballistic conditions, comprehensive material tests were
performed by Clausen et al. [29]. In their extended test
program, approximately 100 specimens were subjected
to mechanical testing in consideration of anisotropy,
strain rate and temperature. Based on the results, Johnson
Cook material model exhibits the most suitable behavior
for this alloy. In early studies of Borvik et al. [30], [31],
a modified Johnson Cook material model was suggested
and this modified model showed good match with the
experimental results. The modified model avoids the
numerical difficulties in the strain rate part of the original
model in case of very small strain rates such as static
conditions. Therefore, modified Johnson Cook expresses
the equivalent stress, damage parameter and strain at
fracture as in the Eqg. 1 to 3.

0eq = (A+Be,")(1+,) [1-(

T_TTOOTTL )m] (1)
Tmeit=Troom
sep
ef

D=3 @

of = [Dl + D, expD; (UL;f)] (1+&)" [1+0 (ke )] q)

Table 1. Material properties and constants for AA5083-H116 [7], [29]

Elastic Poisson’s  Density Yield A B n C m Tinett Troom
modulus ratio (kg/m?) stress (MPa) (MPa) (K) (K)

(MPa) (MPa)

70000 0.3 2700 230 124 456 0.252 0.008 0.859 893 293
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InEq. 1, &, is the plastic strain rate, Tpe;r aNd Trppp, are
the melting and room temperatures respectively. In Eq. 3,
P is the hydrostatic stress and o, is the von Misgs stress
respectively. A, B, n, C and m are the material constants
and D with sub-indices indicates the damage constants.
D;, D, and D5 are associated with the impact stress
triaxiality ratio (P/a,sr). D, and Dy are related to the
strain rate and temperature respectively. There are five
material parameters required to find the equivalent stress
for the modified Johnson Cook model. The first three
parameters; A, B, n describe the elasto-plastic
deformation of the material, the fourth and fifth
parameters; C and m define the strain rate and
temperature influences.

The material parameters of AA5083-H116 were obtained
from the previous studies by Bervik et al. [7], [29]. It was
stated that material strength properties may exhibit minor
deviations with respect to the plate thickness due to the
manufacturing stage of the materials. Therefore, the
values were selected for 20 mm thick plates which is used
in this study. Table 1 gives the material properties and
constants for the target plates.

2.2. Numerical Modeling and Validation

Numerical simulations were carried out using Ls-Dyna
software. The target was modeled as a square plate with
600 mm length and 20 mm thickness as in the reference
study. The hardened steel projectile with the mass of
0.197 kg was considered as a rigid body. Figure 1 shows
the dimensions of the projectile used in this study. In the
numerical modeling, axisymmetric conditions were
applied to reduce time expense in the solution. 8-node
brick elements with reduced integration were used to
mesh the components. The target was fully clamped at
the edge boundaries. Mesh density was increased in the
impact zone using finer size elements and the size of the
elements was gradually increased apart from the
deformation point. At the center of the plate, mesh size
was used as 0.1 mm and the largest mesh size of 0.5 mm
was used at the corners as shown in Figure 2. The
constitutive behavior was modeled using the modified
Johnson Cook relation given in Eg. 1. Element erosion
was enabled to prevent excessively distorted elements
which could cause error termination by reducing the time
step. Contact between the parts was established using a
surface to surface algorithm and no gap condition was
considered between the plates in double layer target. A
friction coefficient of 0.5 was considered between the
projectile and targets as suggested in an early work [25].

62 ‘ 33

20

Figure 1. Dimensions of the ogive nose projectile

[T
Figure 2. Non-uniform plate mesh

cz=1—[ Lo ] @)
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In the experimental validation of the numerical model,
residual velocity of the projectile was compared with the
experimental results of Bervik et al. [27]. The reference
study used five different impact velocities in the range of
242.1-360.3 m/s. Figure 3 shows the comparison of the
residual velocities in the experiments and simulations.
Based on the experimental results, the ballistic limit
velocity was obtained as 244 m/s. Figure 4 shows the
target in experiment and simulation after the projectile
impact with the velocity of 242.1 m/s. The deformed
targets showed that the size of the holes are
approximately identical with the diameter of the
projectile which means the material exhibits ductile,
hole-growth deformation as given in [27]. In order to
assess the correlation degree of simulation based residual
velocities with experimental residual velocities, a
“Correlation Index” (CI) is defined in Eq. 4 as suggested
by Raguraman et al. [32] where e; represents the
difference between the computed and experimental
residual velocities while Vr,,,, represents the residual
velocity in experiments. It is obvious that CI approaches
unity for perfect match conditions. In this study, CI is
calculated as 0.913 which means the residual velocities
in the simulations exhibit good agreement with the
experiments and thus, the numerical model could be
accepted to investigate the targets under ballistic impact.
300
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Figure 3. Residual velocities in experiments and simulations
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(a)

(b)

Figure 4. Target perforation after the projectile impact with the
velocity of 242.1 m/s in the (a) experiment and (b)
simulation

3. DESIGN OF THE OBLIQUE IMPACTS

In the present study, three variable parameters (target
configuration, oblique angle and impact velocity) were
applied with various levels. Target configuration was
designed with monolithic and double-layer plates.
Monolithic targets were used with 20 and 40 mm plates
while double-layer target was assembled with two 20 mm
thick plates. Oblique angle of the impacts was illustrated
in Figure 5 and decided as 30°,45° and 60°. The projectile
impacted the targets with four different velocities such as
240, 360, 480 and 600 m/s. According to the full factorial
design, simulations were set as given in Table 2.

Figure 5. Oblique angle of the impact

Table 2. Design of the simulations

Level Target Oblique angle Impact velocity
configuration (mfs)
1 Monolithic-20 0° 240
2 Monolithic-40 30° 360
3 Double 45° 480
4 60° 600

4. RESULTS AND DISCUSSION

In the oblique impacts with the projectile velocity of 240
m/s, each target stops the projectile in different manners.
The projectile ricochets off the target surface when the
oblique angle is 60° whereas the projectile with the
oblique angles of 30° and 45° embeds into the targets.
Figure 6 and Figure 7 shows the embedded projectiles
into the targets after 240 m/s velocity impacts with the
oblique angle of 30° and 45° respectively. In fact,
assessment of the deformation in the target is dependent
on the different standards which were adopted by various
institutes. According to the US Army, perforation is
achieved even if the projectile is embedded in the target
but light can pass through it. However, the US Navy
defines perforation when the projectile fully emerges
from the target [33]. Based on these various definitions,
the deformation shown in Figure 6a is called a
perforation according to the US Army criterion whereas
a partial penetration according to the US Navy criterion
where the projectile is stopped in the target. In this study,
the US Navy criterion is considered in the evaluation of
the deformations after the impacts. In this light, the
targets introduces perforation as the impact velocity
increases. However, for the oblique angle of 60°, each
target avoids of perforation under the impact velocity of
360 m/s and the targets except for 20 mm thick
monolithic plate stop the projectile under the impact
velocity of 480 m/s. As depicted in Figure 8, as the
oblique angle increases, the projectile path along the
target increases and therefore, target could stop the
projectile even if the impact velocity increases. It is
possible to mention that targets hinder the perforation as
the oblique angle increases and the failure mode in the
target turns from projectile embedment to ricochet [34].
Furthermore, impact velocity dominates the failure in the
target and therefore, the projectile could perforate each
target even if the oblique angle is 60° when the impact
velocity reaches 600 m/s.

Based on the results, ogive nose projectile penetrates the
target mainly by ductile, hole-growth deformation
pushing the material in front of the projectile aside as
stated by Bervik et al. [9], [27] for normal impact
conditions. Beside the material properties, projectile nose
geometry is significant on the deformation type in the
impacted targets. Generally, curved or sharp nose
projectiles such as hemispherical, conical and ogive types
cause hole-growth failure mode in thick targets due to the
plunging of small sized nose tip with gradually enlarged
diameter along the projectile length. However, ricochet
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(a) i (®)
()

Figure 6. Embedded projectiles into (a) monolithic-20, (b) monolithic-40 and (c) double-layer target after 240 m/s velocity
impacts with the oblique angle of 30°

(@) i (®)
©

Figure 7. Embedded projectiles into (a) monolithic-20, (b) monolithic-40 and (c) double-layer target after 240 m/s
velocity impacts with the oblique angle of 45°

(a)
(®)
Figure 8. (a) 40 mm thick monolithic and (b) double layer targets after the impact velocity of 480 m/s with the oblique
angle of 60°
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of oblique angle since plunging of the projectile into the
target becomes difficult due to high incidence angle. In
thin targets, these projectiles are responsible for petalling
causing radial cracking due to high circumferential
strains and subsequent rotation of the deformed target
material resulting in a number of petals. The targets even
the 20 mm thick monolithic one do not exhibit petalling
after the impacts and therefore, 20 mm thickness of
AA5083-H116 plates could be evaluated as thick enough
under the impacts by the used hardened steel ogive nose
projectile.

Figure 9 shows the residual velocity versus impact
velocity of the projectile for each target. It is obvious that
residual velocity of the projectile increases by increasing
the impact velocity due to the increased energy of the
projectile. Considering the target configuration, 40 mm
thick monolithic and double layer targets exhibit
approximately identical responses in terms of residual
velocity of the projectile. However, 20 mm thick
monolithic target shows weaker protection performance
and thereby allowing the projectile to emerge from the
target with higher residual velocity. As expected, residual
velocity decreases with the increase of areal density due
to the increased energy absorption capacity in thicker
targets. Same thickness targets such as 40 mm thick
monolithic and double layer targets have identical areal
densities and exhibit close protection performance.
Almohandes et al. [35] stated that difference between the
protection capacity of monolithic and multilayer targets
with same thicknesses is very small especially under high
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velocity impacts. Furthermore, Flores-Johnson et al. [36]
found that the difference in protective performance
between monolithic and double layer aluminum plates is
not significant for thicknesses less than 30 mm. However,
reduction of penetration resistance in multilayer targets
becomes notable when the number of plates is increased
while Kkeeping the total thickness constant. This
weakening in multilayer configuration is due to the fact
that bending stiffness reduces in the target.

Figure 10 shows the residual velocity versus oblique
angle of the impacts for each impact velocity. It is
obvious that residual velocity changes inversely with the
oblique angle of impact. It is also noteworthy that
residual velocity drastically decreases as the oblique
angle changes from 45° to 60°. However, the difference
between the oblique angle of 30° and 45° is not
substantial. Based on the graphs, critical oblique angle at
which the deformation changes from perforation to
embedment or ricochet can be determined for each target.
For example, the critical oblique angle is close to 60° for
40 mm thick monolithic and double layer targets under
the impact velocity of 480 m/s while it can be predicted
larger than 60° for 20 mm thick monolithic target.

Figure 11 shows the energy absorption capacity of the
targets for each impact condition. Energy absorption
capacity was calculated by the difference between the
impact energy and the residual energy of the projectile.
These terms were found from the kinetic energy formula
using the impact and residual velocities. According to the
results, target thickness plays an important role on the
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Figure 9. Residual velocity vs impact velocity for the oblique angle of (a) 0°, (b) 30°, (c) 45° and (d) 60°
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Figure 11. Energy absorption capacity of the targets for the oblique angle of (a) 30°, (b) 45° and (c) 60°
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[37]. The plastic work done by the target increases with
the thickness of target due to the increased areal density.
Despite remaining identical areal densities, target
configuration could change the protective performance of
the targets. Considering the 40 mm thick monolithic and
double layer targets, there is no significant difference in
the energy absorption capacities. Hardly distinguishable
from the high energy impacts, the monolithic target
exhibits higher energy absorption capacity in comparison
to the double layer target. This difference is pronounced
as the impact energy increases and therefore, monolithic
plates rather than a multilayer configuration are
suggested for the protective applications. Regarding this
point, deflection of the plates negatively influences the
energy absorption capacity of the target as stated early
investigations [35], [36]. Multilayer targets are
assembled with a number of relatively thin plates and
each plate exhibits lower bending resistance in
comparison to a monolithic plate having the same
thickness with the multilayer target. For this reason,
multilayer targets have more deflection under impact
which causes reduction in the energy absorption capacity.

5. CONCLUSIONS

In the present study, oblique impacts on AA5083-H116
plates were numerically investigated. The verification of
the numerical model was performed using the
experimental results of an early study [27]. The effects of
three variable parameters such as impact velocity, impact
angle and target configuration were investigated on the
ballistic resistance of targets. Based on the results, the
oblique angle of impact acts an important role on the
deformation mode of targets. The penetration of
projectile dominates targets under low oblique angle
impacts and the deformation changes from embedment to
ricochet as oblique angle increases. Beside the oblique
angle, the ballistic resistance of target is heavily
dependent on impact velocity. As it is expected, targets
are easily perforated as impact velocity increases even if
oblique angle becomes larger. Target configuration is
another factor on the protective performance which is
increased using thicker plates. Although the ballistic
response of monolithic and double layer targets for the
same thickness is very close each other, monolithic
targets are suggested especially against high velocity
impacts.
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oz
Bu galismada, plaka ve levha olarak kesilen mermer bloklarin, ¢ok kriterli karar verme yontemlerinden TOPSIS ve GIA yontemleri
kullanilarak siniflandirilmasi yapilmistir. Bu amagla ilk asamada, ayni1 kdkene sahip ancak farkli yapisal 6zellik, sekil ve boyutta
20 adet blok incelenmistir. Ikinci asamada mermer bloklar, dairesel testereli blok kesici ile plakalara ayrilmis ve kesim siireci
boyunca tretimle ilgili veriler not edilmistir. Elde edilen veriler, mermer bloklarin simniflandirilmasinda; blok biiytikligi,
stireksizlik sikligi, diizgiinliik, {iretim orani, paledyen orani ve pasa orani olmak tizere toplam 6 kriter oldugunu gostermistir.

Belirlenen kriterlerin 6énem dereceleri, AHP yontemin ile belirlenmistir. Son olarak bloklarin iyiden kdtiiye dogru siralamalari,
TOPSIS ve GIA yontemleri ile gerceklestirilmistir.

Sonuglar, TOPSIS ve GIA sonuglar blok biiyiikliigii arasinda artan dogrusal iliskiyi gosterirken, siireksizlik siklig1 arasinda ise
azalan yonde dogrusal iliskiyi gostermistir. Ote yandan, bazi bloklar icin énem sirasinn uygulanan yéntemlere gére farklilik
gosterdigi tespit edilmistir. Bu nedenle, smiflandirma problemlerinin ¢dztiimiinde sadece CKKV yontemleri yerine problemin farkli
yontemlerle de ¢oziilerek sonuglarin degerlendirilmesi 6nerilmektedir.

Anahtar kelimeler: Mermer, ¢ok kriterli karar verme, AHP, TOPSIS, GiA.

Classification of Marble Blocks Using AHP Assisted
TOPSIS and GRA Methods

ABSTRACT

In this paper, marble blocks which are cut as slabs or stripes were classified by multi criteria decision methods, TOPSIS and GRA.
For this purpose, at the first stage 20 marble blocks from same basin examined their structural features i.e. cracks, fissures, gaps,
sizes etc. At the second stage they were cut by circular saw blade machine as stripes. The cutting operations data showed that there
are 6 parameters to classify the blocks such as block sizes, discontinuities, block shapes, production, paledyen and waste ratios.
Weighting of the criteria were described by AHP. Finally, the blocks ranking was determined by TOPSIS and GIA methods.

Results, when TOPSIS and GRA results showed increasing linear relationship with the block sizes decreasing linear relationship
with the discontinuity frequencies. On the other hand, it has been determined that order of importance for some blocks differs
according to the methods. For this reason, it was recommended that solving and evaluating the classification problems by different
methods instead of using only MCDM methods.

Keywords: Marble, multi criteria decision, AHP, TOPSIS, GRA.
1. GIRIS (INTRODUCTION)

Dogaltaglar, siis esyalarindan ingaatlarda doseme,
kaplama ve mutfak tezgahlarina kadar genis yelpazede

Dogaltaglarin  iretimi, bilyiik kiitlelerin  kesilmesi
gerekliliginden dolayr tehlikeli ve zor bir siirectir.
Ocakta, formasyonun durumuna goére yaklagik 10x8x3

kullanim alani bulan dogal malzemelerdir. Olusumlarina
gore kayaglar, magmatik, sedimanter ve metamorfik
olmak iizere ii¢ ana grupta degerlendirilir. Ticari olarak,
renk ve desen bakimindan tercih edilebilir olan ve
sahadan yeterli biiyiikliikte blok elde edilebilen her tiirli
kayag, mermer tanimi icinde ele alinmaktadir.
Dogaltaglar, olusum kosullarindan (sicaklik, basing,
kimyasal etkiler, tektonik hareketler vb.), tiirlerinin
farkliligindan dolayr renk, desen, kimyasal ve fiziksel
ozellikleri bakimindan farklhidirlar. Bu farkliliklar
kullanim alan1 bakimindan da belirleyici unsurlardir.

*Sorumlu Yazar (Corresponding Author)
e-posta : metinersoy@aku.edu.tr, metinersoy@yandex.com

m. boyutlarindaki kiitleler ana kayadan kesilerek alinir.
Bu isleme dag kesme ad1 verilir ve delme-gatlatma, elmas
tel kesme, kollu kesici ile kesme gibi yontemler
uygulanir. Dag kesme sirasinda kiitle zaman zaman
pargalanir. Bu pargalardan nispeten biiyiik ve belli bir
geometrik sekle sahip olmayanlar moloz olarak
adlandirilir. Daha biiyiikk olan diger pargalar, gerek
tagmabilmesi ic¢in gerekse fabrikalardaki blok kesici
makinalarda islenebilir hale getirilebilmesi i¢in
boyutlandirilir. Bu boyuttaki pargalara blok adi verilir ve
yaklagik 2.5x2.0x1.5 m. boyutlarinda dikddrtgen prizma
sekillidirler.

Kamyonlarla fabrikaya getirilen bloklar dairesel testereli
(ST), lamali (katrak) veya telli (multitel) blok kesme
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makinalarinda dilimlenerek levha ve plakalara ayrilir.
Levhalarin kalinliklar1 2-3 cm arasinda degisirken; diger
boyutlar1 blok uzunlugu ve genisligi kadardir. Plakalar
ise; 2-4 cm kalinliginda, 30, 40 ve 60 cm eninde ve boyu
blok uzunlugu kadar olacak sekilde dilimlenir. Sonra
levha ve plakalar kullanilacagi yere gore ebatlama, yilizey
isleme (parlatma, ¢ekigleme, atesle yakma vs.), kenar is-
leme (pah, perdah vs.), se¢me (kalite kontrol) ve amba-
lajlama gibi asamalardan gegerek satiga sunulur.

Dogaltas bloklarinin sahadan kesilip piyasaya sunulma-
sina kadar olan asamalarda, {iretilen malzemenin biiyiik
bir boliimii toz ve parca tas seklinde kullanilmaz hale ge-
lir ve atiga ¢ikar. Bir bloktan elde edilebilecek kullanila-
bilir {iriin miktar1 o blogun verimi olarak tanimlanir.
Uretim kayiplarinin ¢ogu, ocak kayiplari disinda blok
kesme asamasinda gerceklesir. Ornegin sadece kesme
yiizeyindeki kayip, kesici eleman (elmas soket) kalinligi
ile kesilen yiizey alaninin ¢arpimi kadardir. Bu deger 1
cm kalinlik i¢in %50, 2 cm kalinlik i¢in %30, 3 cm kalin-
lik igin %25 den daha biiyiik degerlerdir. Bir baska kay1p,
blogun makinaya yerlestirilmeden 6nce diizgiin geomet-
rik bir sekle (dikdortgen prizma) getirilmesi sirasinda
(sayalama) ortaya ¢ikar. Blok ne kadar sekilsiz ise (dik-
dortgene benzemez ise) kayiplar da o kadar fazla olur.
Blok kesici makinada da kesim sirasinda da ti¢ farkl aga-
mada kayiplarla karsilasilir. Bunlardan birincisi blogun
iist ylizeyinin diizlestirilmesi (tarama) iglemidir. Tarama,
istenen olciilerin saglanabilmesi i¢in gereklidir. ikinci
kayip 6n ve arka yiizeylerden kaynaklanir. Blogun ilk ve
son yiizeylerinin tesviyesi diizgiin olmadig: i¢in kullani-
lamaz. Ugiincii 6nemli kayip, blogun en alt kismdir.
Blok, kesildikg¢e hafifler ve blok kesme makinasinin olus-
turdugu gerilmelere karst koyamaz hale gelir, oturdugu
vagon lizerinde kayar. Bunun sonucunda is kazalar1 mey-
dana gelebileceginden dolayi, en alt kisimda 10-15’cm
lik bolim kesilmeden birakilir (kapak). Blok kesiciden
alinan levha ve plakalarin kenarlar1 diiz olmaz. Ebatlama
ve yiizey isleme asamasina ge¢ilmeden dnce bu kenar ki-
simlar, bas kesme, yan kesme ve kopriilii kesme ad1 veri-
len makinalarla dizeltilir. Bunun sonucunda, kirik
pargalar ve paledyen ad1 verilen, sinirh kullanim imkéani
olan, genellikle tiggen sekilli pargalar olusur. Kisaca, ka-
yip oraninin bu kadar fazla oldugu bir {iretim siirecinde;
kapasiteyi artirarak liretim miktarinin artirilmasi yerine
kayiplarin azaltilarak verimin artirilmasi daha yararl ola-
caktr.

Bir bloktan iiretilen levha ve plaka miktarinin tahmin edi-
lebilmesi i¢in dncelikle, blok biiytikliigii, blogun geomet-
rik sekli (diizgiinliik) ve blok iizerindeki siireksizlikler
(kirik, catlak, tabaka diizlemi vb.) gibi parametrelerin bi-
linmesi gerekir. Bu parametreler tiir, homojenlik, renk ve
desenle ilgili unsurlarla birlikte blogun satig fiyatini be-
lirleyen faktorlerdir. Bagka bir ifadeyle; biiyiik, ¢atlaksiz
ve diizgiin bloklar, diger 6zellikleri sabit olmak kosu-
luyla, daha degerlidir.

Fabrikada iglenecek bloklarin satin alinmasi ya da iiretim
programinin hazirlanmasinda, aday bloklarin siniflandi-
rilmasi gerekir. Siniflandirma, elde edilecek levha ve pla-
kalarin miktarin1 da etkileyecegi i¢in ¢ok énemlidir. Bu

yiizden blogun siniflandirilmasinda bilimsel yontemlerin
kullanilmas1 gerekir. Cok kriterli karar verme yontemleri
(CKKYV), sayisal veya sozel ifadelerin kullanilabildigi, en
az li¢ kritere gore degisken alternatifler arasindan karar
verici i¢in en uygun olanin belirlenmesinde bagari ile uy-
gulanan, matematiksel yontemlerdir. 1960’11 yillardan
giiniimiize kadar ¢ok ¢esitli CKKV yontemi; istatistiksel
analizler, performans analizleri, is saglig1 ve giivenligi
analizleri, proje yOnetimi, optimizasyon problemlerinin
¢Oziimii gibi dnemli konularda karar vermede kullanil-
maktadir [1]. CKKV yontemlerinden en yaygin olanlari;

e AHP (Analytic Hierarchy Process),

e TOPSIS (Technique for Order of Preference by
Similarity to Ideal Solution),

o  GIA (Grey relation analysis)
e  ANP (Analitik Network Process),
e SAW (Simple Additive Weighting)

¢ ELECTRE (Elimination Et Choix Traduisant La
Realite),

e DEMATEL (The Decision Making Trial and
Evaluation Laboratory Method),

e VIKOR (Visekriterijumska Optimizacija |
Kompromisno Resenje) ve

¢ MOORA (Multi-Objective Optimization on the
basis of Ratio Analysis), MULTI MOORA

seklinde siralanabilir. Ayrica, bunlarin ve listede yer al-
mayan diger yontemlerin bulanik mantik (Fuzzy sets) ku-
rallar1  ¢ergevesinde  diizenlenmis  cesitleri  de
kullanilmaktadir.

Literatiirde farkli alanlardaki arastirmalarda farkli yon-
temler kullanilmistir. Ornegin; Yigit ve Gok’iin [2] GIA
ve TOPSIS; Tripathy’nin [3] Taguchi, TOPSIS ve GIA;
Aribas ve Ozcan’in [4] AHP ve TOPSIS; Karaatli vd. nin
[1] SAW, TOPSIS ve GIA; Giineysu vd. nin [5] AHSve
GIA; Bektas ve Tuna’nin [6] GIA; Muralidhar vd. nin [7]
GIA ve TOPSIS; Kou vd. nin [8] TOPSIS, ELECTRE
11, GIA, VIKOR, ve PROMETHEE II; Sahin ve Ak-
yer’in [9] AHS ve TOPSIS ve Dai vd. nin [10] GIA ve
TOPSIS yontemlerini kullandiklar1 goriilmektedir.

Dogaltaslar konusunda farkli ¢aligmalarda ise; Ersoy ve
Yesilkaya’in [11] AHP; Eleren ve Ersoy’un [12] Bulanik
TOPSIS; Gokge ve Sonugiir’iin [13] ve Caner ve Akars-
lan’1n [14] ANFIS ve YSA; Giiveng vd. in [15] ve Ekin-
cioglu vd. nin [16] YSA; Aras ve Gencer’in [17] ve Orug
vd. nin [18] VZA (Veri Zarflama Analizi); Akkoyun ve
Toprak’mn [19] ve Yal¢in vd. nin [20] Bulanik mantik
yontemlerini kullandiklar1 gériilmektedir.

Cesitli problemin ¢oziimiinde tek veya birden fazla
CKKYV yonteminin kullanildig1 ¢ok sayida yayin bulun-
masina ragmen mermer bloklarmin siniflandirilmasina
yonelik ilgili bir caligmaya rastlanmamugtir. Calisma kap-
saminda mermer bloklart AHP, TOPSIS ve GiA yontem-
leri ile siniflandirilmistir.
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2. MALZEME VE YONTEM (MATERIAL AND
METHOD)

Caligma; mermer bloklarin sec¢imi, tesise getirilmesi ve
kesme faaliyetleri sirasinda elde edilen verilerin CKKV
yontemleri ile degerlendirilerek bloklarin kalitelerine
gore siralanmasi olarak oOzetlenebilir. Calismanin
asamalar1 Sekil 1°de akim semasi halinde verilmistir.

kriptokristalin kalsitten olusmus pellet, degisik tane
boylarina sahip kriptokristalin  kalsitten olusmus
intraklast icermektedir. Kayagtaki biitiin catlaklar
mikromezokristalin kalsit dolguludur.

Orneklerin seciminde, agirlig1 10 ton alt1 ve {izeri olmak
iizere iki ayr1 biiytikliik belirlenmis ve kiiciik olanlar N.1-
N.10 arasinda kenarlar1 diizgiin ve biiyiik olanlar ise

Blok Se¢me ve Tesise Tasima ‘

Veri Toplama 1

/ Blok biiviikliigii // Driizgiinliik // Siireksizlikler // Blok kesim vinii /

Blok Kesme ve Ebatlama

Veri Toplama 2

Uretim miktar Paledyen iiretimi

Pasa (atik)

. Operasyon siiresi
miktar Peras)

Degerlendirme 1

Kriterlerin belirlenmesi

Kriterlerin agirliklar
(AHP)

Degerlendirme 2

Blok simiflandirma
(TOPSIS)

Blok simflandirma
(GiA)

Sonuclar
Blok biiytkligi Sttmektzllk Uretim orani TOPSIS
\Il\]lﬂ]
TUF‘%I‘G ve GiA IUPS!‘:' ve GIA T(}PHIS ve GIA (:lA
Sekil 1. Calismanin agsamalari (The steps of study)
2.1. Analitik Calismalar (Analytical Studies) N.11-N.20  arasinda numaralandirilmistir. ~ Kesim

Caligmada kullanilan 6rnekler, Sivrihisar bej ticari adiyla
bilinen ve Eskigehir ili Babadat koyii kuzeybati
istikametindeki mermer ocaklarinda iretilen kiregtasi
tiri mermer bloklardir (Sekil 2). Segilen ornekler,
kriptokristalin kalsit kristalleri, mikrofosil kavki izleri,

isleminde, dort kolonlu dairesel testereli bir blok kesici
kullanilmistir. Orneklere ait baz1 dzellikler Cizelge 1°de
ve blok kesme makinast Ozellikleri Cizelge 2’de
verilmistir.
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Sekil 2. Ocaklarin konumu ve goriiniimii (Location of the quarries and a view of the area)

Cizelge 1. Kesilen bloklarin bazi
specifications of blocks)

ozellikleri  (Some

Bloklarin baz1 6zellikleri*

Sertlik (Mohs)

Birim hacim agirligt (kg/m?)
Ozgiil agirhigr (kg/m?)

Atmosfer basmcina su emme (%)
Kaynar suda su emme (%)
Porozite (%)

Basing direnci (MPa)

Don sonrasi basing direnci (MPa)
Darbe direnci (kgf. cm/cm?)
Egilme direnci (MPa)

Elastisite modiilii (kgf/cm?)
Doluluk orani (%)

Gozeneklilik derecesi (%)
Asimma direnci (cm?/50 cm?)
Cekme direnci (MPa)
Si0,-Fe;03-Ca0-MgO (%)

~4,5
2690
2700

12,2
78,52x10*
99,6
0,4
15,8
79,54
0,8-0,1-54,2-0,6

* Firma verileri

Cizelge 2. Kesme makinasinin bazi 6zellikleri (Some
specifications of block cutter machine)

Blok kesme makinasinin bazi dzellikleri*

Dikey testere ¢ap1 (mm) 1000-1750
Yatay testere ¢ap1 (mm) 450-650
Dikey-Yatay testere motor giigleri (kw) 110-15
Dikey-Yatay testere devirleri (dev/dk) 1500-3000
Dikey testere soket kalmligi (mm) 8
Kiris Hareketi motor giicii (kw) 11
Kesici araba motor giicii (kw) 2,2
Koprii (asagi-yukari) motor giicii (kw) 2,2
Vagon motor giicii (kw) 15
Max. Blok ebatlar1 (mm) 3500x2400%x2200
Max. Su ihtiyaci (It/dk.) 112
Toplam elektrik giicii (kw) 130
Makine agirlig: (kg) 15000

* Firma verileri

Kesme tesisine getirilen 20 adet blok, gozlem ve
incelemeler icin kayit altina alinmistir. Secilen bloklarin
biiyiikliigii, tagiyict kamyonlarin kantar agirliklarindan
hesaplanmistir. Sonra tiim Ornekler icin kesme
parametreleri (kesim yonii, derinligi, hizi, testere devri
vs.) belirlenmis ve kesim sonunda elde edilecek ebat ve
sekilleri tasarlanarak, hammaddenin piyasaya uygunlugu
belirlenmistir. Daha sonra hazirlanan kesim plam
dogrultusunda dilimlenerek 2x30xc0 cm ebathi plakalar
elde edilmistir. Bu sirada, her bir 6rnek igin harcanan
zaman, elde edilen iiriin ve ortaya ¢ikan pasa miktari not
edilmistir.
Alman veriler 1g18inda, {iretim (satilabilir), paledyen
(degersiz ikinci kalite iriin) ve pasa (atik) oranlar
degerleri tespit edilmistir.
2.2. Cok Kriterli Karar Verme Yontemleri (Multi
Criteria Decision Making Methods)
Calismada CKKV yontemlerinden AHP, blok veriminde
etkin kriterlerin 6nem derecelerinin belirlenmesinde
kullanilirken bloklarin siiflandirilmasinda TOPSIS ve
GIA yontemleri kullanilmugtir.
AHP yontemi; Thomas L. Saaty [21, 22, 23] tarafindan
Onerilen bir CKKV yontemi olup karar hiyerarsisinin
tanimlanabilmesi durumunda kullanilan, karari etkileyen
faktorler agisindan karar noktalarinin yiizde dagilimlarini
dikkate alan bir CKKV yoéntemidir. Uygulama kisaca;

Hiyerarsik yapinin olusturulmasi,
Onceliklerin belirlenmesi,

Ikili karsilastirma matrisi ve ¢oziimil,
Oncelik vektoriiniin olusturulmasi,
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e  Tutarlilik oraninin hesaplanmasi ve e Kiriterlerin agirlik degerlerinin belirlenmesi ve
e Karar noktalarindaki sonu¢ dagilimimin karar matrisinin agirliklandirilmas,
bulunmas1 e Porzitif ideal ve negatif ideal kiimelerin
agamalarindan olusur. AHP yonteminde kullanilan olusturulmas, o
bagmtilar Cizelge 3°de verilmistir e Aynm dlgitlerini hesaplanmast,
Cizelge 3. AHP esitlikleri (AHP equations)
No Hesaplama Esitlik No
1 Ikili karstlastirma matrisinin olusturulmasi
1. . a &)
A=| 1 . '1 i {n: Faktor sayis; a;; € (1 —-9), 1:Esit 6nem, 5: Cok 6nemli, 9: Mutlak istiin}
o Van g
2 Oncelik vektoriiniin olugturulmasi
G @
=l - (=
07 Tay i c
n
3 Oncelik vektorlerinin birlestirilmesi ve agirliklarn hesaplanmasi
Ci1 + - Cin . Wy ®3)
c=|: :: |ow=229 Lw=
n
Cn1 -+ Cpp Wp
4 Tutarlihigin hesaplanmasi
1 . + @n Wy d1 (4)
D=]| " 1.'1 “|x[: ] =>D=|:
1/ dn . ) 1 Wp dn
5 p=9 Lo =HaB L o =20, (E: Temel deger; 1:M I deger; CI: Tutarhilik go i ®)
= === = — - {E:Temel deger; A: Max temel deger; CI: Tutarlilik gdstergesi}
CR= % — {RI:Random gosterge; Tutarlilik orani CR < %10 olmali} (6)
6 Karar noktalarindaki sonug dagilimmin bulunmasi
1 S11 + - Sin @)
S=|:|->K=|: = : :|>{S:Alternatiflerin siitun vektori; K: Karar matrisi}
Sm Sm1 -+ Smn
S11 - - S| W1 Lqq 8)
L=|: - : =:|x|:|-L=|: |- {L:Karar nok.% dag.; ¥ L; = 1, L.« = Eniyi alternatif}
Sml . . Smn Wn Lm1
TOPSIS yoéntemi; Hwang ve Yoon [24] referans e Ideal ¢bziime goreli yakinligin hesaplanmasi ve
almarak gelistirilmis, segilen alternatifin pozitif ideal e Alternatiflerin siralanmasi

¢oziime olabildigince yakin ve negatif ideal ¢oziime de
uzak olmasi mantigini temel alan bir CKKV yontemidir.

asamalarindan olugur. TOPSIS yo6nteminde kullanilan
bagmtilar Cizelge 4’de verilmistir.

Uygulama kisaca;
e Karar matrisinin olusturulmasi,
Cizelge 4. TOPSIS Egitlikleri (TOPSIS Equations)
No Hesaplama Esitlik No
1 Karar matrisinin olusturulmast
Xij - Xin 9)
{i=1,2,...n; j =1,2,....m; n:Kriter sayisi; m: Alternatif sayisi}
ij ++ Xmn
2 Karar matrisinin normalize edilmesi
Xy (10)
I =
K Re, X
3 Karar matrisinin agirliklandirilmasi
vi; = wj. Ty (X wy = 13 (12)
4 Pozitif ideal ve negatif ideal kiimelerin olugturulmasi
A" = {(maxvy|j €]); (minvy|j € J)} A" = {(vi,v3, ... v} (12)
A= {(minvij|j € ]); (maxvij|j € ]')} A™ = {v{,v3,...v5}
{): Fayda; ]': Kayip}
5 Ayrim 6lgiitlerini hesaplanmasi
« . _ _ 13
si= Sy - vy o 5= B v )
6 ideal ¢oziime goreli yakinligin hesaplanmasi
¢ = S {0 <¢f £1; cpax = Eniyi alternatif} (14)

=
sy +s{

307



Metin ERSOY /POLITEKNIK DERGISI, Politeknik Dergisi,2019;22(2):303-317

GIA yontemi; ilk defa 1982 yilinda Julong Deng [25, 26,
27] tarafindan ortaya atilmis olup gri teori, gri iliskisel
analiz, gri modelleme, gri tahmin ve gri karar verme gibi
alt basliklar altinda, istatistiksel analizlerden proje
yonetimine kadar birgok 6nemli konuda karar vermede
kullanilmaktadir [28]. Uygulama kisaca;

Karar matrisinin ve referans serinin olusturulmasi,
Verilerin normalize edilmesi,

Mutlak deger tablosu olusturulmasi (Uzaklik matrisi),

Gri iligkisel katsayilarin hesaplanmasi,

Gri iligkisel derecelerin hesaplanmasi,

Kriter agirliklarinin belirlenmesi ve gri iliskisel derecelerin
giincellenmesi

asamalarindan olusur. GIA yonteminde kullanilan
bagmtilar Cizelge 5’de verilmistir.

(kirik, catlak, fisslir, tabaka diizlemleri vb.) Blogun
kesimi sirasinda plaka, siireksizlik diizlemleri boyunca
kendini birakir ve plakanin kirilmasina ya da daha kiigiik
boyutlu friinler iiretilmesine neden olur. Verime etki
eden bu unsurun da hesaplamalara katilabilmesi i¢in
blogun kesme dogrultusu boyunca kag¢ adet siireksizlik
icerdigi sayilarak belirlenmis ve kesme dogrultusuna
(blok boyu) boliinerek siireksizlik sikligi (ortalama 1
metreden gegen siireksizlik) hesaplanmistir.

Blogun kesimi sirasinda 6nce tarama adi verilen tesviye
islemi yapilir. Tesviye islemi sirasinda iretim
yapilmadig1 i¢in harcanan siire ve enerji bosa gegmis
olur. Blok ne kadar diizgiin ve kiiglikse iglem o kadar kisa
stirer. Makinanin birim zamandaki {iiretim miktarini

Cizelge 5. GIA Esitlikleri (GRA Equations)

No Hesaplama Esitlik No
1 Karar matrisinin ve referans serinin olusturulmasi
Xj .- Xin (15)
{i=1,2,...n; j =1,2,...m; n:Kriter sayis;; m: Alternatif sayisi}
Xmj -+ Xmn
Xi = (Xi1, Xiz) - Xin) (16)
{Referans seri; Xpax: maksimum daha iyi; X,,;,: minimum daha iyi; x*: optimum daha iyi}
2 Karar matrisinin normalize edilmesi (gri iliskisel olusum)
ro = (Ijy, iz, - - Tjn) {Normalize edilmis referans seri; r, = 1} 17)
ry; = L L {maksimum daha iyi durumu} (18)
max xiii‘:"f‘_ Xij
r; = m {mininimum daha iyi durumu} (19)
maxxij—minxij
ry=1-— =] {optimum daha iyi durumu; maxx; < X; < minx;} (20)
j— max xjj—X; X ~minx;; p y ’ j j j
3 Uzaklik matrisinin olusturulmasi
Ajj= |roj — Tjj| Apax= maxAyj Apin= mindy; (21)
4 Gri iliskisel katsayilarin hesaplanmasi
) = Amin*t8Amax _ 22
e(ropry) = i £€ (0- 1)) 22)
5 Gri ilisgkisel derecelerin hesaplanmasi
1
y(roj, rij) = ;Zj“=1 e(roj, ri]-) {0<y<1} (23)
6 Agirlikl gri iliskisel derecelerin hesaplanmasi
¥ (rop i) = Ty Wi e(rgp 1) {Zwy = 1, 0y <1} 24

3. BULGULAR (RESULTYS)

3.1. Blok Kesme Goézlem Sonuclar1 (Block Cutting
Observation Results)

Mermer blok iiretiminde ilk hedef miimkiin oldugunca
biiytik kiitlelerin tretilmesidir. Blok kesici makinalarda
bir defada daha biiyiik hacimlerin kesilmesi, makinanin
blok bazinda ¢aligma verimini artirir dolayisiyla biiyiik
bloklar daha iyi fiyatlara alic1 bulabilir.

Birgok blok kesme makinasi, dikddrtgen prizma sekilli
malzemelerin kesilmesi i¢in tasarlanmistir. Diizgiin sekle
sahip olmayan bloklarin kesiminde, makina kesme
bolgesinde bosluklar olacagi i¢in ancak daha kiigiik ebatl
plakalar {iretilebilir. Dolayisiyla blogun diizgiinligi
(dikdortgen prizmaya benzerligi) plaka verimine etken
parametrelerdendir. Bu ¢alisma i¢in 1-5 arasinda bir
diizgiinliik degeri belirlenmis ve segilen bloklardan tam
anlamiyla geometrik sekle sahip olanlar 5 puan, bir kismi
diizglin olan/olmayanlar 3 puan ve hi¢ diizgiin
olmayanlar 1 puan ile derecelendirilmistir (Sekil 2).

Bloklarin plaka verimine etken bir bagka parametre de
tektonik hareketlerden kaynaklanan siireksizliklerdir

etkileyen bu siire ve plaka kesimi i¢in harcanan siireler,
bloklarin kesimi sirasinda not edilmistir.

Bloklarm kesimi sonrasinda elde edilen ebatli plakalar (1.
Kalite yar1 mamul) 6lgiilerek sonra da blok agirligina
oranlanarak, her bir blok i¢in m%ton cinsinden iiretim
oranlar1 hesaplanmustir. Ayrica plakalarin ebatlanmasi ya
da kenarlarinin diizeltilmesi sirasinda, ¢cogunlukla tiggen
sekilli pargalar ortaya ¢ikar. Bu parca plakalar paledyen
olarak adlandirilir ve piyasada diisiik fiyata alici bulur.
Bu yiizden, ortaya ¢ikan paledyen miktar1 da dlgiilerek
blok agirligina oranlanmis ve m?/ton cinsinden paledyen
oranlar1 hesaplanmustir.

Bloklarin kesimi sirasinda kesici elmas soketlerin
kalinligindan dolay1 kesilen yiizey alani boyunca toz
olusur. Toz atiklar kismen endiistride kullanilsa da ciddi
bir ekonomik degeri yoktur, genellikle atik sahalarinda
depolanir. Bunun disinda blogun 6n ve arka yiizeyleri
diiz olmadig: i¢in ilk ve son yiizey kesimleri de atik
olarak depolanir. Ayrica, kesim sonuna yaklasildiginda,
agirlik azaldigr igin vagon {iizerindeki blok, kesme
iinitesinin itme giiciine kars1 koyamaz ve kayar. Bu da ya
kalinlik olgiilerinin  tutturulamamasina ya da ¢esitli
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kazalara neden olabilir. Bu yiizden blok tabanindan
itibaren 10-15 cm lik kisim kesilmeden birakilir. Bu
kalan parca, kapak olarak adlandirilir ve bazi atdlye
calisanlar1 tarafindan hediyelik esya yapimi igin
kullanilabilir. Ancak tiiketim ¢ok diisiik oldugu icgin
genellikle atik olarak depolanir.

Olgiim ve hesaplama sonuglar1 Cizelge 6’da verilmistir.

Bloklarin kesme verimi ile ilgili olarak 6 kriter
belirlenmistir. Bunlar; blok biiyiikliigii, siireksizlik
siklig1, diizgiinliik, liretim orani, paledyen orani ve pasa
oranidir. Karar tablolar1 hazirlanirken, blok biiytikligi
makinanin bir defada yapabilecegi iiretim miktarint ve

Sekil 3. Calismada kullanilan diizgiin ve diizgiin olmayan blok 6rnekleri (Regular and irregular shaped blocks used in the

study)

Kesim sirasinda ortaya ¢ikan atik miktarinin belirlenmesi
icin, 6nce bloklarin birim hacim agirligindan hacimleri
hesaplanmis sonra iiretilen plakalarin toplam hacimleri,
boyutlar1 6l¢iilerek hesaplanmig ve bu iki degerin farki
almmustir. Sonra m® cinsinden hesaplanan atik miktar:
blok agirligma oranlanarak blogun pasa orani (m®/ton)

plaka boyutunu olumlu etkiledigi i¢in biiyiik degerlerin
“faydali” oldugu 6n goriilmiistiir. Siireksizlik siklig1 ve
diizgiinliik ise plaka miktarin1 ve boyutunu ayrica pasa
miktarim1 “olumsuz” yonde etkileyecektir. Uretim oran
ile ilgili olarak, temel hedefin kaliteli iriin miktarinin
fazla olmasi oldugu igin biiyiik degerlerin “faydali” ol-

hesaplanmigtir.

Cizelge 6. Blok kesme verileri (Block cutting data)

Olgiim verileri Uretim verileri Verim

g - 5 T g g = & g

S gE Z <E z § § = - S B

= 85 X R = = RS g clL 5 5~ s~ T3

= L2 3_ iz & g o £ Sz & £eg 25 <£

T == Moo X € e 0o~ 'O.E = =S S =

§~. >§ s 2=z %D © 5 5N 25 A BN S g s

2 S 28 Bz A e ¥ S E g5 £E SE £E £5
N.1 4,67 1,40 3 2,14 3 1,78 2,80 21,51 1,89 1,27 4,61 0,40 0,27
N.2 3,77 1,50 3 2,00 3 1,97 2,03 19,80 1,45 0,98 5,25 0,38 0,26
N.3 7,52 2,40 4 1,67 1 2,03 2,88 32,70 4,21 2,06 4,35 0,56 0,27
N.4 7,24 2,30 3 1,30 2 1,17 3,83 33,92 4,93 191 4,69 0,68 0,26
N.5 7,29 2,15 3 1,40 1 2,05 4,78 29,22 5,08 2,02 4,01 0,70 0,28
N.6 7,75 1,20 2 1,67 1 2,08 2,92 28,72 9,42 2,12 3,71 1,22 0,27
N.7 6,29 1,50 4 2,67 3 1,67 4,33 28,36 2,13 1,73 4,51 0,34 0,27
N.8 6,63 2,20 4 1,82 1 2,42 4,58 25,14 3,62 1,89 3,79 0,55 0,28
N.9 2,28 2,20 3 1,36 2 0,58 3,08 12,00 1,16 0,58 5,27 0,51 0,26
N.10 7,55 1,50 2 1,33 2 4,08 5,92 34,94 10,17 1,90 4,63 1,35 0,25
N.11 19,78 2,90 3 1,03 4 3,67 12,33 147,60 5,16 4,30 7,46 0,26 0,22
N.12 16,05 2,70 2 0,74 5 3,83 11,17 137,60 4,44 3,13 8,57 0,28 0,19
N.13 17,89 2,50 2 0,80 5 4,25 13,75 172,24 3,27 3,14 9,63 0,18 0,18
N.14 23,87 2,90 1 0,34 3 4,58 15,42 186,39 17,46 4,80 7,81 0,73 0,20
N.15 13,56 2,10 1 0,48 5 5,33 4,50 108,00 6,75 2,75 7,97 0,50 0,20
N.16 16,79 2,60 4 1,54 4 3,33 10,67 116,10 3,27 3,85 6,92 0,19 0,23
N.17 18,88 2,60 1 0,38 3 2,83 13,17 134,64 14,17 4,04 7,13 0,75 0,21
N.18 15,84 2,30 1 0,43 3 3,33 10,00 119,40 9,60 3,31 7,54 0,61 0,21
N.19 25,18 2,60 1 0,38 5 5,50 12,50 230,40 5,78 4,64 9,15 0,23 0,18
N.20 17,04 2,20 1 0,45 5 3,58 12,42 144,00 7,98 8,87 8,45 0,47 0,52
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oldugu, paledyenin ikincil iiriin olmasindan ve ekonomik
degerinin diisiik olmasindan dolay1 biiyiik degerlerin
“olumsuz” oldugu on goriilmiistiir. Atik orani ise, hem
ekonomik deger ifade etmemesinden hem de depolama
zorunlulugundan dolayr “olumsuz” olarak degerlendiril-
mistir.

Bu kabuller dogrultusunda hazirlanan karar tablolar
TOPSIS ve GIA yontemleri ile analiz edilmeden 6nce,
belirlenen kriterlerin 6nem dereceleri AHP yontemi
yardimiyla hesaplanmustir.

3.2. Kriter Agirhklarinin AHP Yontemine Gore
Hesaplanmasi (Calculation of Criteria Weighting
by AHP Method)

AHP yontemine gore birinci adimda ikili karsilagtirma
matrisi olusturulmustur (Esitlik 1). Bu matris 6x6
boyutunda bir kare matris olup kriterlerin istlinlilk
dereceleri Saaty [22] tarafindan ortaya atilan “1-9” 6lgegi
kullanilarak belirlenmistir (Cizelge 7). Bu dlgege gore

paledyen oranina (C5) gore ¢ok onemli 5 ve
stireksizlik sikligina (C2) gore 1.
e Paledyen orani (C5); blok biiyiikliigiine (C1)
gore 3, diizgiinliik ve pasa oranina goére 2.
e Pasa orani (C6); blok biiyiikligiine (C1) gore 4,
diizgiinliige (C6) gore 3.
Esitlik 2 yardimiyla matris normalize edilmis ve Esitlik 3
yardimiyla 6ncelik  vektorii  olusturulmustur. — kili
kargilagtirma matrisi ve hesaplama sonuclart Cizelge
8’de verilmis olup w degeri her bir kriterin 6nceligini
yani agirhigini ifade etmektedir.

Olusturulan ikili karsilagtirma matrisinin dolayisiyla
hesaplanan kriter agirliklarinin dogrulugunun 6lgiilmesi
icin tutarlilik analizi yapilmistir. Bunun i¢in once, ilk
matris ile Oncelik  vektoriinlin  matris  ¢arpimu
hesaplanmig, sonra bulunan sonu¢ kriter agirligina
oranlanarak her bir degerlendirme faktoriine iligkin temel
degerler elde edilmistir (Esitlik 4). Maksimum temel

Cizelge 7. Karsilagtirma 6lgegi (Comparison scale) [22]

Onem Tammlama Aciklama
Her iki faktoriin esit oneme sahip olmasi durumu Iki faaliyet amaca esit diizeyde katkida bulunur.
3 1. Faktoriin 2. faktérden daha énemli olmast durumu Tecriibe ve }_fargl_l_le bir faaliyet digerine gore biraz daha fazla
derecede tercih edilir.
5 1. Faktoriin 2. faktorden gok énemli olmasi durumu ;iiglhﬂ:;j iTiT— yargt ile bir faaliyet digerine gére kuvvetli derecede
7 1. Faktoriin 2. faktore nazaran ¢ok giiglii bir oneme sahip ~ Bir faaliyet ¢ok kuvvetli bir sekilde tercih edilir ve baskinligi
olmasi durumu uygulamada rahatlikla goriiliir.
9 1. Faktoriin 2. faktore nazaran mutlak Ustiin bir 6neme  Bir faaliyetin digerine tercih edilmesine iliskin kanitlar ¢cok biiylik
sahip olmasi durumu bir giivenilirlige sahiptir.
2468  Aradegerler Uzlagsma gerektiginde kullanmak iizere iki ardisik yargi arasina

diisen degerler.

yapilan degerlendirmeler asagidaki sekildedir;

e Blok biiyiikliigii (C1); blok diizgilinliigiine (C3)
gore 2.

o  Siireksizlik siklig1 (C2); blok biiyiikliigiine (C1)
ve pasa oranina (C6) goére 6, diizgiinliige (C3)
ve paledyen oranina (C5) gore 4.

e Uretim oram (C4); blok biiyiikliigiine (C1) gore
7, diizgiinliik (C3) ve pasa oranina (C6) gore 6,

deger (temel degerlerin ortalamasi, A) ve tutarlilik
gostergesi (CI), Esitlik 5 yardimiyla hesaplanmistir. CR
tutarlilik orani, tutarlilik gostergesinin rassal gostergeye
oranidir ve bu deger %10 dan diisiik oldugu durumlarda
hesaplamalarin dogru oldugu kabul edilir (Esitlik 6) [29].
Rassal gosterge, matris boyutuna gore degisen bir katsay1
olup 6x6 boyutlu bir matris igin degeri 1.24’tiir. Yapilan
hesaplamalar sonucunda CR tutarlilik oraninin 0.0764

Cizelge 8. Kriter agirliklarinin belirlenmesi (Definition of the criteria weights)

Kriterler Ikili karsilagtirma matrisi Kriterlerin % dagilimlari ve dncelik vektori
ClL C2 C3 C4 C5 C6 C1l C2 C3 C4 C5 C6 w
Biiyiikliik (ton) Ci| 1 16 2 17 13 14 C1| 005|006 |01 0,05 | 003 | 0,02 0,05
Stireksizlik siklig1 (1/m) C2| 6 1 4 1 4 6 Cc2|028|035|0,22]| 037|035 | 0,39 0,33
Diizgiinliik (1-5) c3 |12 14 1 16 1/2 13|—|C3|002]|009]|006|006]|004]|002]|—|005
Uretim orani (m2/ton) C4 | 7 1 6 1 5 6 C41033|035|033]|037]| 044|039 0,37
Paledyen orani (m2/ton) cs5| 3 14 2 15 1 2 c51| 014 | 0,09 | 0,11 | 0,07 | 0,09 | 0,13 0,11
Pasa orani (m3/ton) ce| 4 16 3 16 12 1 Cc61| 019 | 0,06 | 0,17 | 0,06 | 0,04 | 0,06 0,10

Toplam 1 1 1 1 1 1 1,00
Cizelge 9. Tutarliligin 6lgiilmesi (Calculation of consistency)

1 e 2 17 1/3 1/4 0,05 0,32 6,0395 A= 6,4740

6 1 4 1 4 6 0,33 2,21 6,7461 Cl= 0,0948
1/2 14 1 1/6 1/2 |y 005 | _ 0,30 . 6,1787 CR= 0,0764

7 1 6 1 5 6 0,37 - 2,47 6,6903

3 14 2 15 1 2 0,11 0,71 6,7658 CR<%10

4 1/6 3 1/6 1/2 1 0,10 0,62 6,4234 Tutarlidir
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oldugu gortilmiistiir. Bu durumda ikili karsilagtirmanin
tutarl oldugu sdylenebilir. Tutarliligin 6l¢iilmesiyle ilgili
hesaplamalar Cizelge 9’da verilmistir

Sonug olarak, 0.37 ile C4 (iiretim orani) en 6nemli kriter
olurken, 0.05 ile C1 (biiyiiklik) ve C3 (diizgiinliik)
kriterlerinin digerlerine gore Onemlerinin daha diigiik
oldugu goriilmektedir.

3.3. Bloklarin TOPSIS Yontemine Gore Simiflan-
dirilmasi (Classification of The Blocks by TOPSIS
Method

TOPSIS (ideal Coziim ile Benzerlik Tercihi Teknigi)
yontemine gore Once karar matrisi olusturulmustur.
Karar matrisinin satirlari alternatifleri (incelenen bloklar)
stitunlar1 ise bloklarin siniflandirilmasinda etken kriteri
(Ci; {i=1, 2, .... 6}) ifade etmektedir (Esitlik 9). Sonra
Esitlik 10 kullanilarak matris elemanlar1 normalize
edilmis ve standart karar matrisi olusturulmustur
(Cizelge 10).

Standart karar matrisinin elemanlari, 6nceki béliimde
AHP yontemi ile hesaplanan kriter agirliklarn ile
carpilarak agirlikli karar matrisi elde edilmistir (Esitlik
11). Agirlikli karar matrisinde her bir kriter i¢in fayda ya
da kayip getirisine gore pozitif ideal ve negatif ideal
¢oziimler olusturulmustur. Burada C1 (biiyiikliik), C3
(diizgiinliik) ve C4 (iiretim orani) fayda sagladigi i¢in bu
Kriterlerin en biiyiik degerleri, C2 (stireksizlik siklig1), C5
(paledyen iiretim orani) ve C6 (pasa orani) kayiplarla
ilgili kriterler oldugu igin bu kriterlerin en kiigiik
degerleri pozitif ideal ¢6ziim (A*) olarak belirlenmistir.
Ayni sekilde, C1, C3 ve C4 kriterlerinin en kiigiik
degerleri ile C2, C5 ve C6 kriterlerinin en biiyiik
degerleri de negatif ideal ¢oziim kiimesinin
elemanlaridir.

TOPSIS yonteminde son asama, ayrim Olgiitlerinin
(Esitlik 13) ve ideal ¢6ziime gore yakinligi (Esitlik 14)
hesaplanarak oncelik siralamasinin yapilmasidir (Cizelge

11). Ideal ¢dziime yakinlik (C*), 0 ile 1 arasinda degisir
ve 1’e en yakin deger en ideal alternatifi gdsterir.

Cizelge 11°e gore, en iyi bloklarmn sirastyla N.19, N.13
ve N.15 oldugu, en kotii bloklarmm da N.7, N.1 ve N.6
oldugu soylenebilir.

3.4. Bloklarm GIA Yontemine Gére Smiflandiril-
mast (Classification of The Blocks by GRA
Method)

GIA yonteminde birinci adim karar matrisinin
olusturulmasi ve referans serinin belirlenmesidir. Karar
matrisi olarak TOPSIS yonteminde olusturulan matris
kullanilmigtir. Referans seri ise ideal kriterleri igeren
sanal ve/veya gergek bir seridir. Dolayisiyla referans seri,
mevcut alternatiflerin - maksimum, minimum veya
optimum degerlerinin faydali oldugu kriterlerinden
olusturulabildigi gibi karar verici tarafindan belirlenen
hayali bir alternatifin kriterlerinden de olusturulabilir
[30]. Esitlik 15 ve Esitlik 16 ya gore olusturulan karar
matrisi ve referans seri Cizelge 12°de verilmistir.

Kriterleri tanimlayan veriler farkli birimlerle 6l¢iildiigii
icin, karar matrisi normalize edilerek ayni birime
doniistiirilmiistiir.  Normallestirme  siirecinde  (gri
iligkisel olusum), en sik kullanilan ydntemlerden birisi
olan lineer veri 6n isleme yonteminden yararlanilmis ve
kriterlerin maksimum daha iyi (C1, C3, C4) durumunda
Esitlik 18, minimum daha iyi (C2, C5, C6) durumunda
da Esitlik 19 kullanilmistir.  Referans  serinin
normallestirilmis degeri daima “1” olarak hesaplanir
(Esitlik 16).

GIA yonteminde sonraki asama, referans seri ile
karsilagtirilacak m tane serinin tanimlanmasi ve mutlak
deger tablosunun olusturulmasidir. Mutlak deger tablosu,
Esitlik 21 de verildigi gibi, normallestirilmis karar
matrisindeki kriter elemanlarinin referans seri ile farklari
hesaplanarak olusturulmustur (Cizelge 13).

Son olarak, gri iliskisel katsayilar ve gri iligkisel
dereceler hesaplanmustir. Gri iliskisel katsayilarin

Cizelge 10. Karar matrisi ve standart karar matrisinin olusturulmas: (Creation of decision and standard decision matrixes)

Karar matrisi

Standart karar matrisi

C1 Cc2 C3 C4 C5 C6 C1 Cc2 C3 C4 C5 C6
N.1 4,67 2,14 3,00 4,61 0,40 0,27 0,074 0,350 0,199 0,157 0,145 0,232
N.2 3,77 2,00 3,00 5,25 0,38 0,26 0,060 0,327 0,199 0,179 0,138 0,222
N.3 7,52 1,67 1,00 4,35 0,56 0,27 0,120 0,272 0,066 0,148 0,201 0,234
N.4 7,24 1,30 2,00 4,69 0,68 0,26 0,115 0,213 0,133 0,160 0,245 0,226
N.5 7,29 1,40 1,00 4,01 0,70 0,28 0,116 0,228 0,066 0,137 0,251 0,237
N.6 7,75 1,67 1,00 3,71 1,22 0,27 0,123 0,272 0,066 0,126 0,437 0,234
N.7 6,29 2,67 3,00 4,51 0,34 0,27 0,100 0,435 0,199 0,154 0,122 0,235
N.8 6,63 1,82 1,00 3,79 0,55 0,28 0,106 0,297 0,066 0,129 0,196 0,244
N.9 2,28 1,36 2,00 5,27 0,51 0,26 0,036 0,223 0,133 0,180 0,183 0,219
N.10 7,55 1,33 2,00 4,63 1,35 025 | 0,120 0,218 0,133 0,158 0,484 0,216
N.11 19,78 1,03 4,00 7,46 0,26 0,22 0,315 0,169 0,265 0,254 0,094 0,186
N.12 16,05 0,74 5,00 8,57 0,28 0,19 0,256 0,121 0,332 0,292 0,099 0,167
N.13 17,89 0,80 5,00 9,63 0,18 0,18 0,285 0,131 0,332 0,328 0,066 0,150
N.14 23,87 0,34 3,00 7,81 0,73 0,20 0,380 0,056 0,199 0,266 0,263 0,172
N.15 13,56 0,48 5,00 7,97 0,50 0,20 0,216 0,078 0,332 0,272 0,179 0,173
N.16 16,79 154 4,00 6,92 0,19 0,23 0,267 0,251 0,265 0,236 0,070 0,196
N.17 18,88 0,38 3,00 7,13 0,75 0,21 0,301 0,063 0,199 0,243 0,270 0,183
N.18 15,84 0,43 3,00 7,54 0,61 0,21 0,252 0,071 0,199 0,257 0,218 0,179
N.19 25,18 0,38 5,00 9,15 0,23 0,18 0,401 0,063 0,332 0,312 0,083 0,157
N.20 17,04 0,45 5,00 8,45 0,47 0,52 0,272 0,074 0,332 0,288 0,168 0,445
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hesaplanmasinda kullanilan Esitlik 22 deki & katsayist, Ajj
ile Amax arasindaki farkin en u¢ deger olma ihtimalini
ortadan kaldirmak i¢in kullanilir ve 0 ile 1 arasinda
degisir [31]. Bu ¢alismada £=0.5 alinmustir.

Gri  iliskisel  derecelerin  hesaplanmasi,  kriter
agirliklarinin - esit olmast durumunda gri iliskisel
katsayilarin ortalamasi hesaplanarak (Esitlik 23), kriter
agirliklarinin verilmis olmast durumunda da her bir gri
iliskisel katsayi ile ilgili kriter agirhiginin garpilmasi ve
satir boyunca toplanmasi seklinde yapilir (Esitlik 24). Gri
iligkisel dereceler de 0 ile 1 arasinda degisir ve degeri en

bliyiik olan alternatif  olarak

degerlendirilir.

secenek en

iyi
Bu calismada kriter agirliklan AHP yontemi ile
belirlendigi i¢in Esitlik 24 kullanilmis ve agirhikli gri
iligkisel dereceler hesaplanmustir. Gri iligkisel katsayilar,
gri iligkisel dereceler ve dncelik siralamasi Cizelge 14’de
verilmigtir.

Cizelge 14’e gore, en iyi bloklarmn sirastyla N.19, N.13
ve N.12 oldugu, en kotii bloklarin da N.6, N.8 ve N.7
oldugu sdylenebilir.

Cizelge 11. Standart karar matrisinin ¢6ziimii (Solving the standard decision matrix)

Agirlikl karar matrisi

Ayrim Ideal goziime

c1 c2 c3 ca cs c6 sliitleri yakimlik SS;Z%‘SI
w 0,05 0,33 0,05 0,37 0,11 0,10 S* S C*
N.1 0,004 0,115 0,010 0,058 0,015 0,023 0,117 0,052 0,31 19
N.2 0,003 0,107 0,010 0,066 0,015 0,021 0,106 0,059 0,36 16
N.3 0,006 0,089 0,003 0,055 0,021 0,023 0,100 0,065 0,39 15
N.4 0,006 0,070 0,007 0,059 0,026 0,022 0,085 0,081 0,49 12
N.5 0,006 0,075 0,003 0,050 0,026 0,023 0,095 0,075 0,44 14
N.6 0,006 0,089 0,003 0,047 0,046 0,023 0,112 0,058 0,34 18
N.7 0,005 0,143 0,010 0,057 0,013 0,023 0,141 0,045 0,24 20
N.8 0,006 0,097 0,003 0,048 0,021 0,024 0,111 0,058 0,34 17
N.9 0,002 0,073 0,007 0,066 0,019 0021 | _ | 0081 0,082 0,50 11
N.10 0,006 0,071 0,007 0,058 0,051 0,021 0,095 0,076 0,44 13
N.11 0,017 0,055 0,013 0,094 0,010 0,018 0,046 0,112 0,71 9
N.12 0,013 0,040 0,016 0,108 0,010 0,016 0,026 0,130 0,83 4
N.13 0,015 0,043 0,016 0,121 0,007 0,015 0,025 0,136 0,84 2
N.14 0,020 0,018 0,010 0,098 0,028 0,017 0,032 0,140 0,82 5
N.15 0,011 0,025 0,016 0,100 0,019 0,017 0,027 0,136 0,83 3
N.16 0,014 0,082 0,013 0,087 0,007 0,019 0,073 0,089 0,55 10
N.17 0,016 0,021 0,010 0,090 0,028 0,018 0,039 0,135 0,77 8
N.18 0,013 0,023 0,010 0,095 0,023 0,017 0,033 0,135 0,80 6
N.19 0,021 0,021 0,016 0,115 0,009 0,015 0,007 0,151 0,96 1
N.20 0,014 0,024 0,016 0,106 0,018 0,043 0,035 0,138 0,80 7
Pozitif ideal (A*) ve negatif ideal (A") ¢oziimler
A* 0,021 0,018 0,016 0,121 0,007 0,015
A 0,002 0,143 0,003 0,047 0,051 0,043
Cizelge 12. Karar matrisi ve referans seri (Decision matrix and reference set)
C1 Cc2 Cc3 C4 C5 C6
Maksimum iyi Minimum iyi Maksimum iyi Maksimum iyi Minimum iyi Minimum iyi
Referans seri 25,18 0,34 5,00 9,63 0,18 0,18
N.1 4,67 2,14 3,00 4,61 0,40 0,27
N.2 3,77 2,00 3,00 5,25 0,38 0,26
N.3 7,52 1,67 1,00 4,35 0,56 0,27
N.4 7,24 1,30 2,00 4,69 0,68 0,26
N.5 7,29 1,40 1,00 4,01 0,70 0,28
N.6 7,75 1,67 1,00 3,71 1,22 0,27
N.7 6,29 2,67 3,00 451 0,34 0,27
N.8 6,63 1,82 1,00 3,79 0,55 0,28
N.9 2,28 1,36 2,00 5,27 0,51 0,26
N.10 7,55 1,33 2,00 4,63 1,35 0,25
N.11 19,78 1,03 4,00 7,46 0,26 0,22
N.12 16,05 0,74 5,00 8,57 0,28 0,19
N.13 17,89 0,80 5,00 9,63 0,18 0,18
N.14 23,87 0,34 3,00 7,81 0,73 0,20
N.15 13,56 0,48 5,00 7,97 0,50 0,20
N.16 16,79 1,54 4,00 6,92 0,19 0,23
N.17 18,88 0,38 3,00 7,13 0,75 0,21
N.18 15,84 0,43 3,00 7,54 0,61 0,21
N.19 25,18 0,38 5,00 9,15 0,23 0,18
N.20 17,04 0,45 5,00 8,45 0,47 0,52
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Cizelge 13. Gri iligkisel olusum ve mutlak deger tablosu (The tables of grey relation generating and distance matrix)

Normalize edilmis karar matrisi

Mutlak deger (uzaklik) tablosu

C1 C2 C3 C4 C5 C6 C1 c2 C3 C4 C5 C6

Referans seri 1 1 1 1 1 1 0,00 0,00 0,00 0,00 0,00 0,00
N.1 0,10 0,23 0,50 0,15 0,81 0,72 0,90 0,77 0,50 0,85 0,19 0,28
N.2 0,07 0,29 0,50 0,26 0,83 0,76 0,93 0,71 0,50 0,74 0,17 0,24
N.3 0,23 0,43 0,00 0,11 0,68 0,72 0,77 0,57 1,00 0,89 0,32 0,28
N.4 0,22 0,59 0,25 0,17 0,57 0,74 0,78 0,41 0,75 0,83 0,43 0,26
N.5 0,22 0,55 0,00 0,05 0,56 0,70 0,78 0,45 1,00 0,95 0,44 0,30
N.6 0,24 0,43 0,00 0,00 0,11 0,72 0,76 0,57 1,00 1,00 0,89 0,28
N.7 0,18 0,00 0,50 0,13 0,87 0,71 0,82 1,00 0,50 0,87 0,13 0,29
N.8 0,19 0,37 0,00 0,01 0,69 0,68 0,81 0,63 1,00 0,99 0,31 0,32
N.9 0,00 0,56 0,25 0,26 0,72 0,77 1,00 0,44 0,75 0,74 0,28 0,23
N.10 0,23 0,57 0,25 0,16 0,00 078 | 7 | 077 0,43 0,75 0,84 1,00 0,22
N.11 0,76 0,70 0,75 0,63 0,93 0,88 0,24 0,30 0,25 0,37 0,07 0,12
N.12 0,60 0,83 1,00 0,82 0,92 0,94 0,40 0,17 0,00 0,18 0,08 0,06
N.13 0,68 0,80 1,00 1,00 1,00 1,00 0,32 0,20 0,00 0,00 0,00 0,00
N.14 0,94 1,00 0,50 0,69 0,53 0,93 0,06 0,00 0,50 0,31 0,47 0,07
N.15 0,49 0,94 1,00 0,72 0,73 0,92 0,51 0,06 0,00 0,28 0,27 0,08
N.16 0,63 0,49 0,75 0,54 0,99 0,84 0,37 0,51 0,25 0,46 0,01 0,16
N.17 0,73 0,98 0,50 0,58 0,51 0,89 0,27 0,02 0,50 0,42 0,49 0,11
N.18 0,59 0,96 0,50 0,65 0,64 0,90 0,441 0,04 0,50 0,35 0,36 0,10
N.19 1,00 0,98 1,00 0,92 0,96 0,97 0,00 0,02 0,00 0,08 0,04 0,03
N.20 0,64 0,95 1,00 0,80 0,76 0,00 0,36 0,05 0,00 0,20 0,24 1,00

Cizelge 14. Gri iliskisel katsayilar, gri iliskisel dereceler ve 6ncelik siralamasi (Grey relation coefficients, grey relation ranks

and priority orders)

Gri iligkisel katsayilar Gri iliskisel “ .
c1 c2 c3 c4 Cc5 cé dereceler Oncelik
w 0,05 0,33 0,05 0,37 0,11 0,10 Y* siralamast
N.1 0,36 0,39 0,50 0,37 0,72 0,64 0,45 17
N.2 0,35 0,41 0,50 0,40 074 0,67 0,47 13
N.3 0,39 0,47 0,33 0,36 0,61 0,64 0,45 16
N.4 0,39 0,55 0,40 0,37 0,54 0,66 048 12
N.5 0,39 0,52 0,33 0,35 0,53 0,63 0,45 15
N.6 0,40 0,47 0,33 0,33 0,36 0,64 0,41 20
N.7 0,38 0,33 0,50 0,37 0,79 0,63 0,43 18
N.8 0,38 0,44 0,33 0,34 0,62 0,61 0,43 19
N.9 0,33 0,53 0,40 0,40 0,64 0,68 0,49 11
N.10 0,39 0,54 0,40 0,37 0,33 0,69 - 0,46 14
N.11 0,68 0,63 0,67 0,58 0,88 0,81 0,66 9
N.12 0,56 075 1,00 074 0,86 0,90 0,77 3
N.13 0,61 0,72 1,00 1,00 1,00 1,00 0,89 2
N.14 0,90 1,00 0,50 0,62 051 0,87 0,77 4
N.15 0,50 0,90 1,00 0,64 0,65 0,86 0,76 5
N.16 0,58 0,49 0,67 0,52 0,98 0,76 0,59 10
N.17 0,65 0,97 0,50 0,54 0,51 0,82 0,71 8
N.18 0,55 0,93 0,50 0,59 0,58 0,84 0,72 7
N.19 1,00 0,97 1,00 0,86 0,93 0,95 0,93 1
N.20 0,58 0,91 1,00 0,72 0,67 0,33 0,75 6

4. TARTISMA VE SONUC (DISCUSSION AND
CONCLUSIONS)

TOPSIS ve GIA sonuglar1 karsilastirildiginda, ayni
veriler ve kriter agirliklar1 kullanilmig olmasina ragmen
N.4,N.9, N.11, N.13, N.16, N.17, N.19 numaral1 bloklar
disindaki 13 adet blogun siralamadaki yerlerinin farkli
oldugu goriilmektedir (Cizelge 15). TOPSIS yontemine
gore, N.6, N.8 ve N.15 no lu bloklar 2 sira, N.3, N.5, N.10
ve N.18 no lu bloklar da 1 sira daha Oncelikli
hesaplanmistir. GIA ydntemine gére ise, N.2 no lu blok

3 sira, N.1 ve N.7 no lu bloklar 2 sira, N.12, N.14 ve N.20
no lu bloklar da 1 sira daha o6nceliklidirler. Calismanin
baslangicinda, takip kolayligi saglamasi bakimindan,
kiiciik boyutlu bloklar N.1-N.10 arasinda, daha biiyiik
olanlar ise N.11-N.20 arasinda numaralandirilmstir.
Cizelge 15  incelendiginde  N.11-N.20  arasi
numaralandirilmis olan bloklarm ilk 10 sirayr aldig
goriilmektedir. Bu durum, mermer ocaklarinda biiyiik
boyutlu bloklarin {iretilmek istenmesinin nedenini
agiklamaktadir.
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Cizelge 15. TOPSIS ve GIA siralamalarinin karsilastiriimas1 (Comparison of TOPSIS and GRA orders)

Blok No TQ.PSB (:JIA DEGERLENDIRME
Cc* Oncelik sirast Y* Oncelik sirast

N.1 0,31 19 0,45 17 GiA yontemine gore daha oncelikli
N.2 0,36 16 0,47 13 GIA yontemine gére daha 6ncelikli
N.3 0,39 15 0,45 16 TOPSIS yontemine gore daha oncelikli
N.4 0,49 12 0,48 12 TOPSIS ve GIA sonuglart esit
N.5 0,44 14 0,45 15 TOPSIS yontemine gore daha oncelikli
N.6 0,34 18 0,41 20 TOPSIS yontemine gore daha oncelikli
N.7 0,24 20 0,43 18 GiA yontemine gore daha oncelikli
N.8 0,34 17 0,43 19 TOPSIS yoéntemine gore daha oncelikli
N.9 0,50 11 0,49 11 TOPSIS ve GIA sonuglart esit
N.10 0,44 13 0,46 14 TOPSIS yontemine gore daha oncelikli
N.11 0,71 9 0,66 9 TOPSIS ve GIA sonuglari esit
N.12 0,83 4 0,77 3 GiA yontemine gore daha oncelikli
N.13 0,84 2 0,89 2 TOPSIS ve GIA sonuglar esit
N.14 0,82 5 0,77 4 GIA yontemine gére daha ncelikli
N.15 0,83 3 0,76 5 TOPSIS yo6ntemine gore daha 6ncelikli
N.16 0,55 10 0,59 10 TOPSIS ve GIA sonuglar esit
N.17 0,77 8 0,71 8 TOPSIS ve GIA sonuglari esit
N.18 0,80 6 0,72 7 TOPSIS yontemine gore daha 6ncelikli
N.19 0,96 1 0,93 1 TOPSIS ve GIA sonuglar esit
N.20 0,80 7 0,75 6 GIA yontemine gére daha 6ncelikli

Plaka veriminin yiiksek olmasi fireticinin karini da
artiracagl i¢in Onemli olan kesilecek bloktan elde
edilecek m® bazinda plaka miktaridir. Dolayisiyla
bloklarin satin alinmasi ya da fabrikada kesim i¢in se¢imi
sirasinda  blogun  biytkligii ve  biinyesindeki
stireksizlikler dikkatle incelenir ve elde edilebilecek
plaka miktar1 tahmin edilmeye g¢alisilir. Bu sebeple,
TOPSIS ve GIA yontemleri ile stmiflandirilan bloklar igin
hesaplanan ideal ¢oziime yakinlik ve gri iliskisel
katsayilar ile blok biiytiikliigt, iiretim oran1 ve siireksizlik
siklig1 arasindaki iligkiler arastirilmustir.
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dogrusal iligki oldugu anlasilmaktadir. TOPSIS e gore
0.76 ve GIA e gore 0.78 gibi ciddiye almacak R?
degerlerine gore biiylik boyutlu bloklarin daha kaliteli
oldugu séylenebilir.

Sekil 5’de CKKYV sonuglart ve siireksizlik sikligi dagilim
grafikleri verilmistir. Sekil 5a ve Sekil 5b’ye gore,
stireksizlik sikligi degerlerinin homojen degistigi ve
CKKYV sonuglar1 ile arasinda azalan dogrusal iliski
oldugu goriilmektedir (R%ropsis=0.89, R%ia=0.71). iki
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Sekil 4. TOPSIS ve GIA sonuglar ile blok biiyiikliigii arasindaki iliski (Relationship between TOPSIS and GRA Results and

Block Sizes)

Sekil 4°de TOPSIS (ideal ¢oziime yakinlik) ve GIA (gri
iligkisel derece) sonuglari ve blok biytlikliigii (ton)
dagilim grafikleri verilmistir. Sekil 4a ve Sekil 4b
incelendiginde CKKV sonug¢larinin 10 ton alt1 ve istii
olmak iizere iki ayr1 bolimde gruplandigi dolayistyla
blok biyiikligi ile CKKV sonuglarinin arasinda

yontemin R? degerlerindeki 0.18 puanhk farka gore,
siireksizliklerin analizinde TOPSIS yaklagimmin GiA
yaklagimina gore daha etkin oldugu sdylenebilir. Ayrica,
stireksizlik sikliginin blok kalitesinin belirlenmesinde
O6nemli bir parametre oldugu da anlasilmistir
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Sekil 5. TOPSIS ve GIA sonuglar ile siireksizlik siklig1 arasindaki iliski (Relationship between discontinuity frequences and

TOPSIS and GRA Results)

Sekil 6’da CKKV sonuclar1 ve iiretim orani dagilim
grafikleri verilmistir. Sekil 6a ve Sekil 6b’ye gore,
CKKYV sonuglar ile iiretim oram arasinda R?=0.88 ve
R>=0.96 gibi yiiksek derecede artan dogrusal iliski
oldugu sdylenebilir. Blok kesme operasyonunu bir
sonucu olarak karsimiza g¢ikan iiretim orami kuskusuz
blok kalitesinin belirlenmesinde en 6nemli kriterdir.

1.00 -

&0
o

0.90 -
0.80 -
0.70 1 e
0.60 - :
0.50 -
0.40 -

¢ozlime goreli yakmhk, C*
o
w
=]
[ ]

= 0.20 -
3
.= 0.10

0.00

T T T
4.00 6.00 8.00 10.00

Uretim orami (m2/ton)

T
0.00 2.00
¥y =0.1086x- 0.0923

R2*=0.8809

1
12.00

oncelikli hesaplananlara gore daha yiiksek oldugu
goriilmektedir. C1 kriteri, 0.05 ile en diisiik Gneme sahip
kriterlerden biridir. Buna gore, her iki yontemde de esit
oneme sahip olan ornekler igin baz alinan verilerin
ortalamadan sapma orani daha disiiktiir. Dolayistyla
kriter verilerinin degisim araliginin ve ortalamadan
sapma derecesinin, TOPSIS ve GIA yontemlerinin
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Sekil 6. TOPSIS ve GIA sonuglari ile iiretim oran arasindaki iliski (Relationship between Production ratio and TOPSIS and

GRA)

TOPSIS yaklagiminda kriterlerin normalize edilmesi
isleminde, kriterlerin  ideal ¢Oziimlere vektorel
uzakliklar1 hesaplanmaktadir. Ayrica ydntem pozitif
ideal ¢oziime en yakin alternatifi ararken negatif ideal
¢oziime de en wuzak olan alternatifi 6n plana
cikarmaktadir. GIA yaklasiminda ise normalizasyon
isleminde, dogrusal wveri On isleme yOntemi
uygulanmaktadir. Bu yonteme gére tiim kriterlerin kendi
aralarindaki degisimi lineerdir ve yontem referans seriye
en ¢ok benzeyen alternatifi 6n plana ¢ikarmaktadir.
Yaklagimlardaki bu farklihik, 13 adet blogun
siralamadaki yerlerinin de farkli olmasina neden
olmustur. Sekil 7 de TOPSIS ve GIA sonuglar1 grafiksel
olarak karsilastirilmistir.

Bazi bloklarin TOPSIS ve GIA &nceliklerinin farkls
hesaplanmasinin nedenini aragtirmak tizere, bu bloklara
ait kriterlerin verilerinin ortalamalar1 ve standart
sapmalart ayr1 ayr1 hesaplanmis ve Cizelge 16’da
verilmistir. Cizelgeye gore onceligi farkli hesaplanan
kriterlerin standart sapmalarinin, C1 kriteri diginda, aym

problemin ¢6ziimiine yaklagim teknigini etkiledigi,
sonuglari (siralamanin) degistirdigi sdylenebilir.
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Sekil 7. TOPSIS ve GIA sonuglarinin karsilastiriimasi
(Comparison of TOPSIS and GRA results)
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Cizelge 16. TOPSIS ve GIA 8nem siralamalarinin farkli oldugu ~ KAYNAKLAR (REFERENCES)

ornekler (The samples whose TOPSIS and GRA
orders are different)

Kriterler w craY =

Ort. Std. Ort. Std.
Cl 0,05 10,6 6,04 15,43 7,89
Cc2 0,33 1,32 0,76 0,97 0,47
Cc3 0,05 2,77 1,54 3,57 1,27
C4 0,37 5,78 1,94 7,18 1,82
C5 0,11 0,62 0,32 0,40 0,24
C6 0,10 0,27 0,08 0,22 0,03

w: Kriter agirligi; # Onem sirast farkli; =: Onem siras1 esit

Calismada elde edilen sonuglar asagidaki

sekilde

Ozetlenebilir.

Bloklarin kalitesine etken parametreler dnem
sirasina gore lretim orani, siireksizlik sikligi,
paledyen orani, atik orani, blok biiylikliigii ve
diizgiinliikttir. Renk, desen ve homojenlik gibi
faktorler de miisterinin kisisel tercihine gore
degismektedir.

TOPSIS ve GIA sonuglart ile siireksizlik siklig1
arasinda azalan dogrusal iliski goriiliirken blok
biiyiikliigii ve {iretim orani arasinda artan
dogrusal ilisgki oldugu goriilmiistiir. Iliski
diizeyleri g6z oniine alindiginda, blok se¢cme
isleminde bu ii¢ kriterden yararlanilabilir.

Bazi bloklarm 6nem siralarinin  her iki
yontemde de farkli hesaplanmasinin iki 6nemli
nedeni oldugu goriilmiistiir. Bunlardan birincisi,
TOPSIS ve GIA yéntemlerinde kriterlerin
normalizasyonunda  yaklagimlarinin  farkli
olmasi, ikincisi ise bu bloklara ait kriterlerin
verilerinin ortalamadan sapmalarinin (standart
sapma) yiiksek olmasidir. Buna  gére
alternatifler arasinda  kriterlerin  degisim
araliginin yiiksek oldugu durumlarda problemin
birden fazla CKKV yontemi uygulanarak
¢oziime ulasilmasinin daha saglikli olacagt
diigiinilmektedir.

Gergeklestirilen ¢alisma TOPSIS ve GIA yéntemlerinin

mermer

bloklarin siniflandirilmasi isleminde

kullanilabilir oldugunu gdstermistir. Bu ydntemlerin
traverten, oniks, hakiki mermer gibi diger mermer

tirlerinin  de

siniflandirilmasinda  kullanilabilecegi

diistiniilmektedir. Ayrica, problemin diger yontemlerle
de ¢Oziimiiniin ve elde edilen sonuglardaki muhtemel
farkliliklarin aragtirtlmasi, hem CKKV ydntemlerinin
birbirlerine gore istiin ya da zayif oldugu durumlari
ortaya ¢ikarmasi hem de ¢oziimiin daha saglikli olmasi
bakimindan 6nemlidir.
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0z

Bu caligmada, dogal gaz yakith gergek bir kombine ¢evrim santralinin verileri kullanilarak termodinamigin birinci yasa analizi
uygulanmustir. Sistemin 25 °C gevre sicakligi ve 101.325 kPa basingta net gii¢ ¢iktilar1 Brayton ¢evrimi ve Rankine ¢evrimi igin
sirastyla 45 MW ve 12MW olarak hesaplanmig ve degisen ¢evre kosullarinin sistem iizerindeki etkisi incelenmistir. Gaz tiirbininin
ortalama % 38 verime ve kombine c¢evrimin ise % 48 verime sahip oldugu hesaplanmstir. Cevre sicakliginin 45 °C’lik artist
sistemin net giiciinde % 22°lik bir azalmaya neden olurken kompresor kisminda sikistirma isi ig¢in gereken gii¢ de artmustir. Cevre
sicakliginin artmasiyla kompresore giren hava debisinin azaldigr bunun dogrultusunda 6zgiil yakit sarfiyatinda da %20 azalma
oldugu goriilmiistiir. Cevre sicakliginin kombine ¢evrim santraline de dogrudan bir etkisinin oldugu ortaya konmustur.

Anahtar Kelimeler: Kombine ¢evrim, performans analizi, brayton ¢evrimi, rankine ¢evrimi.

Performance Analysis of Natural Gas Combined Cycle
Power Plant

ABSTRACT

In this study, the first law analysis of the thermodynamics was applied using the data of a real gas-fired combined cycle power
plant. The net power outputs of the system are calculated for the Brayton cycle and Rankine cycle as 48 MW and 12 MW
respectively and the effect of changing environmental conditions on the system was examined. It is calculated that the gas turbine
has an average efficiency of 38% and the combined cycle has 48% efficiency. With an increase in ambient temperature of 45 ° C,
the system has 22% reduction in net power, while the power required for compression in the compressor section has also increased.
As the ambient temperature increased, there was a 20% reduction in specific fuel consumption in the direction of the decrease in
air flow entering to the compressor. It has also been revealed that, the environmental temperature has a direct effect on the combined
cycle power plant.

Keywords: Combined cycle , performance analysis, brayton cycle , rankine cycle

L. Isletmelerde elektrik ve 1s1 enerjilerine ayni anda ihtiyag
1. GIRIS (INTRODUCTION) duyuluyor olmast ve Ozellikle elektrik enerji elde
Enerji, sanayilesmenin alt yapisi ve giinlik hayatin  ¢dijmesinden sonra atik gazlarm énemli miktarda 1si
vazgegilmez bir unsurudur. Bu nedenle, enerji ihtiyaci enerjisi igeriyor olmalar1 ayni tesis igerisinde 1s1 ve
ulusal ve uluslararasi giindemde oldukga 6nemli bir yer  ¢lektrik enerji ihtiyaglarmin birlikte karsilanmasi
tutar. Enerji kaynaklarinin tiikenebilir olusu ve ¢evresel  jjternatifini ortaya ¢ikarmustir. Bu uygulamanin ardinda
etkiler sebebiyle; Guniimiizde ilkeler i¢in givenli, yatan temel diisiince, gii¢ santrallerinde ¢evreye atilan
yeterli miktarda, ucuz ve temiz enerji iiretmek, ekonomik gy yararli bir amaca yoOnlendirilmesidir. Boylece
ve sosyal hayatin temel problemleri arasinda yerini  pirincil enerji daha etkin kullanilir ve bunun yam sira
almaktadir. Enerji ihtiyacimin her gegen giin artmasi ve cevreye atilan karbondioksitin ve diger zararli gazlarin
sanayilesme hedefleri gergeklestirilirken Onemli ¢evre 4 altlmasi ile sera etkisini azaltir [4-5].

sorunlarinin ortaya ¢ikmig olmasi gibi nedenlerle biitiin
diinyada birincil yakit kaynaklarindan miimkiin olan en
yiiksek oranda yararlanma egilimi dnem kazanmustir.
Sanayisi, ekonomisi ve niifusu ile hizla biiylimekte olan
iilkemizde de enerji ihtiyact siirekli artmaktadir. Uretilen
enerjinin yiiksek verimle kullanilmasi, mevcut enerji
kaynaklarmin yani sira atik enerji kaynaklarina ait

potansiyelin degerlendirilmesi biiyiik 6nem tagimaktadir ortaya gikmistir. Kombine gii¢ cevrimleri gecen yiizyilin

1-2-3]. . X J .

[1-2-3] - baglarindan beri tasarlanan sistemler olmasina ragmen ilk
*Sorumlu leazar (Corresponding Author) kombine cevrim santralinin 1950'de kurulmus, daha
e-posta - okaraagac@sinop.edu.tr sonra hizla artan uygulamalari ile giinden giine gelisim

Kombine gili¢ cevrimleri gaz ve buhar tiirbinlerinin
birlikte kullanildigt ¢evrimlerdir. Kombine gii¢ ¢evrimi,
temel olarak Brayton g¢evriminin yiiksek sicakliklarda
calismasinin  sagladigr kazanglardan yararlanmak ve
egzoz gazlariyla atilan 1s1 enerjisini geri kazanarak bu
enerjiyi buharli gii¢ ¢evrimi gibi bir alt gevrimde 1s1
kaynag1 olarak degerlendirmek fikrinden hareketle
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gostermektedir. Bu cevrimde egzoz gazlarinin
enerjisinden bir 1s1 degistiricisi yardimiyla alt ¢evrimde
buhar tiretiminde faydalanilir. Alt ¢evrimde ara 1sitma ve
ara buhar alma islemleri de yapilabilir [6].

Kombine enerji iiretimi, termik santral, jeotermal ve
hidroelektrik  gibi elektrik {iretim ydntemleriyle
kargilagtirildiginda diisiik maliyetli yatirimi, daha kisa
kurulus siiresi ve bunlarla birlikte ¢evre kirliliginin yan
sira giderek artan yakit gesitliligine bagl olarak diinya
capinda tipik gii¢ ve 1s1 Uretim segeneklerinin yerini
alacak cazip bir alternatif olarak bilinmektedir [7].
Kombine g¢evrimli santraller yiiksek verim ve giig
sunmanin yaninda esnek igletme kosullarina uygun,
cabuk devreye alinabilen, tam yiik ve degisken yiik
durumlarina kolay adapte olabilen, hatta degisken yiik
durumlarinda da yiiksek verimle c¢alisma Ozelliklerine
sahiptirler [8].

Literatiirde bu konu ile ilgili yapilan gesitli ¢alismalar
mevcuttur. Unver ve ark. (2005) tarafindan dogal gaz
yakitlt bir kombine ¢evrim gii¢ santralinin performans
parametrelerinin degisimi ve degisim miktarlar1 yiik
durumuna ve c¢evre kosullarina bagl  olarak
termodinamigin birinci ve ikinci kanunlari kullanilarak
analiz etmiglerdir. Calismalarinda sistemi olusturan her
bir initedeki faydali gii¢, tersinir giig, tersinmezlik
degerleri ve sistemin genel verimlerini hesaplamiglardir.
Karaali ve Oztiirk (2007) tarafindan kojenerasyon
sistemleri igin disiiniilen iyilestirme yontemlerinden,
yakit ve yanma havasinin 6n 1sitilmasi, sistemden
tiretilen buharin yanma odasina enjeksiyonu ve
kompresdr giris havasimin sogutulmasi yontemlerini
ornek alan kojenerasyon sistemine farkli durumlar icin
uygulamiglardir. Kojenerasyon tesisindeki net elektriksel
giic karsilastirildiginda; en iyi iyilestirme yonteminin
yakit ve havanin 6n 1sitilmasi yonteminin oldugu ikici
metodun yanma odasimna buhar piiskiirtme yontemi
oldugunu hesaplamiglardir. Rahim ve Giindiiz (2013)
tarafindan “Gaz Tirbinli Bir Isil-Gii¢ (Kojenerasyon)
Cevrim Santralinin Enerji Ve Ekserji Analizi: Ankara
Sartlarinda Uygulama” adli ¢aligmada tasarladiklart bir
1s1l-giic (kojenerasyon) cevrim sistemine
termodinamigin birinci ve ikinci yasasi (ekserji analizi)
uygulayarak, santraldeki  kayiplar1  belirlemeye
caligmiglardir. Pusat vd. (2014) tarafindan “Gaz
Tiirbinlerinde Giris Hava Debisinin Hesaplanmasi” adli
calismada gaz tlirbinlerinde kompresor giris havasi
kiitlesel debisinin hesaplanmasinda kullanilabilecek bir
yontemi gelistirmislerdir. Hesap yontemi temel olarak,
yanma odasindaki yanma denklemlerine ve baca gazi
emisyon cihazlar1 tarafindan alinan Ol¢lim degerlerini
kullanmislardir. Bu yontem kullanarak gaz tiirbinleri igin
kompresor giris hava kiitlesel debisini pratik bir sekilde
hesaplayabilmislerdir. Boyaghchi ve Molaie (2015)
tarafindan ileri ekserji analizi ve kanal tipi briilorli
gercek bir kombine g¢evrim santralinin optimizasyonu
yapmislardir. Vandani vd. (2016) yilinda yapilan
calismada belirli bir kombine ¢evrim santralinde dogal
gaz yerine dizel yakitin kullaniminin ekserji, ekonomik
ve c¢evresel etkileri incelemislerdir. Noussan vd.

tarafindan i¢ tiiniteli bir kombine g¢evrim santralinin
birkag¢ yillik saatlik verileri iizerinden detayli bir analiz
yapmuglardir. Gaz tiirbininin kismi yiiklerde verim egrisi
elde edilmis, daha diisiik yiiklerde ¢evrim verimindeki
azalis gosterilmistir. Hosseini vd. (2017), tarafindan
kombine ¢evrimli bir elektrik liretimi tesisinde optimum
performans kosullart saglamak i¢in gaz tiirbini sonrasi ek
atesleme sistemi kullanilarak ¢esitli parametreleri
arastirmislardir. Yapilan bu c¢aligmada bu modelin
kombine ¢evrim enerji santralinin verimliliginin yaklagik
% 6 oraninda arttigin1 ve CO2 emisyonunun % 5.63'e
kadar diistiigiinii gostermistir. Maliyet degerlerinin bu
uygulama sayesinde % 1'den az oldugu ve maliyetteki
cesitliliklerin tasarim noktasi maliyetine esit veya daha
diisiik oldugu saptanmustir.

Bu c¢alismada, 60 MW kurulu giice sahip gercek bir
kombine  ¢evrim  santralinden  alman  veriler
dogrultusunda sistemin birinci (enerji) yasa analizi
yapilmig, cevre kosullarindaki degisimin sistemin
performansint  hangi oranlarda etkiledigi ortaya
konulmustur. Analiz ve hesaplamalar yapilirken
Engineering Equation Solver (EES) isimli paket
bilgisayar programi kullanilmistir. Ayrica degisen gevre
kosullarinin sistem verimlerine etkileri incelenmistir.

2. KOMBINE DOGAL GAZ CEVRIM SANTRALI
(NATURAL GAS COMBINED CYCLE POWER
PLANT)

Termodinamik olarak kombine c¢evrim Brayton st
¢evrimi ile bir Rankine alt ¢evriminden olusmaktadir.
Brayton ¢evriminden agi18a ¢ikan egzoz gazindaki atik 1s1
Rankine c¢evrimi i¢in 1s1 kaynagidir. Kombine g¢evrim,
gaz tiirbininin yiiksek girig sicaklii ile buhar tiirbinin
diistik ¢ikis sicakligi avantajini bir araya getirerek yliksek
verimli gii¢ liretimini saglar. Bu sistemle 1s1l talepler
istenilen buharin termodinamik 6zelliklerine gore ya
dogrudan atik 1s1 kazanindan ya da buhar tiirbininden
¢ekilen buhar ile karsilanabilir.

Atik 1sidan yararlanan bu sistemlerde elektrik iiretimini
arttirmak i¢in bir buhar tiirbinine 1s1 ve gili¢ talep
durumuna gore kismen veya tamamen gonderilebilir.
Boyle bir tasarim gaz tiirbini sistemlerinde sik¢a
uygulanmaktadir. Kombine ¢evrimler yakit enerjisinin %
40 ya da daha fazlasini elektrige ¢evirebilmektedir. Eger
ilave yanma kullaniliyorsa kombine sistem degisen 1s1 ve
elektrik talebini karsilama esnekligine sahiptirler.

Dogal gaz yakitli kombine ¢evrim santralinin semasi
sekil 1’de gosterilmistir. Cevre kosullarindaki hava,
kompresor tarafindan emilerek sikistirilir. Sikistirilan
havanin basinci ve sicakligl artar. Basinci ve sicakligi
artmis olan havayla yakit sabit basingta yanmanin
meydana geldigi yanma odasina yonlendirilir. Yanma
sonunda olusan yliksek sicakliktaki gaz genisletilerek gaz
tirbininde elektrik enerjisine  dondstirtilir. Gaz
tiirbininin egzozundan ¢ikan yiiksek sicakliktaki gazlar
atmosfere atilmadan once atik 1s1 buhar kazaninda buhar
ve sicak su iretilmek igin kullanilir. Burada iiretilen
kizgin su buhari, buhar tiirbinine gonderilerek tiirbinin
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donmesi saglanir. Elde edilen bu mekanik enerji bir mil
ile jeneratorii tahrik eder ve elektrik enerjisi elde edilir.

Sistem analizi sirasinda yapilan kabuller:

*Tlim sistem elemanlar1 kararli rejim sartlarindadir.
*Hava ve egzoz gazlari igin ideal gaz kabul edilmistir.
*Yanma reaksiyonlar1 yanma odasinda tamamlanmastir.
+Kinetik ve potansiyel enerji degisimleri ihmal edilmistir.
*Kompresore havanin g¢evre sartlarinda girdigi kabul
edilmistir.

yazilabilir. Siirekli akishi agik sistemler icin kiitlenin
korunumu prensibi (1) asagidaki gibi ifade edilir.

) mgiren =2 m;lkan (1)
Burada m" akiskanin kiitlesel debisini ifade etmektedir.
Enerji dengesi icin, sistemin her bir elemanina
termodinamigin birinci kanunu uygulanir ve enerji
dengesi (2) numarali denklem ile ifade edilmektedir.

Q + Z(mh)giren =W+ Z(mh)(;lkan (2

Burada Q° 1sil enerjiyi, W' isi ve h entalpiyi ifade
1
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Sekil 1. Atik Is1 kazanli kombine gii¢ sistemi (Combined power system with waste heat boiler)

3.TERMODINAK ANALiZ (THERMODYNAMIC
ANALYSIS)

Termal sistemlerin degerlendirilmesi ve gelistirilmesi
icin termodinamik verimsizliklerin kaynagi ve sistem
bilesenleri arasindaki etkilesimin anlagilmasi gereklidir.
Kapal1 bir sistemin toplam enerjisi gevresiyle sadece 1s1
veya is etkilesimi sonucunda degisebilir. Buna bagh
olarak kapal1 bir sistemin hal degisimi sirasindaki toplam
enerji degisimi, sistem sinirlarinda gerceklesen net 1s1 ve
i§ gecisine esittir.

Yukaridaki varsayimlarla herhangi bir kararli rejim
sistemi i¢in kiitle, enerji dengesi asagidaki gibi
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etmektedir. Herhangi bir sistem i¢in enerji verimligi
asagidaki gibi ifade edilebilir.

n= Cikan Enerji (3)

- Toplam Giren Enerji

Ozgiil yakit sarfiyatim asagidaki denklemde verilmis
olup burada ri, yakitin debisini, Wy, ise kombine

¢evrim santralinde iiretilen net giicii ifade etmektedir.
36001i1y

0Ys =—

Whet

(4)
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Yukarida verilen denge denklemleri sistemin her
elemanina uygulandiginda asagida verilen esitlikler elde
edilir.

Kompresor
m; = m, ®)
Wy, = 1y (hy —hy) (6)

Yanma Odas:

m, + iy = iy @
Qg = mighy — (miyh, + niyh,) 8)
Gaz Tiirbini

m,; = 1, )
Wer = miz(hy — h3) (10)
Atik Is1 Kazani

m, = ms (11)
m, = mg (12)
my; = Myg + Iy (13)
myhy + m,h, + myghyg = mshs + mghg +

Myghig + Myghyg + Qp (14)
Burada @, kayip olan 1s1y1 ifade etmektedir.

Buhar Tiirbini

mg = my (15)
Mo = My (16)
Wpr = (ghg — mohg ) + (M, hio — My1hyy)  (17)
Kondenser

my; = my, (18)
My = My, (19)
Qy = (My1hyqy —Myxhyn) + (Maihyy — Mighyy) (20)
Is1 Degistirici

Mmy3 =My, (21)
my5 = mye (22)
Myzhy3 + Myshys = Myghyy + Myghig + Qp (23)
Besi Suyu Tanki

Myghyg + Myoghyy = Myshis + Qk (24)
Kondenser Pompasi

M, = M3 (25)
Wy = migp(hyz — hyp) (26)

Yiiksek Basing Pompast

g = My 27)
Wyp = mig(h; — hg) (28)
Alcak Basing Pompast

My, = Myg (29)
Wip = my;(hyg — hyy) (30)

4. ARASTIRMA BULGULARI VE TARTISMA
(RESEARCH FINDINGS AND DiSCUSSION)

Bu calisgmada 15 °C cevre sicaklign ve 101.325 kPa
basingta tasarimi yapilan dogal gazli kombine ¢evrim
santraline yanma odasinda hava ile yanan yakit 1200
°C‘de tiirbine girmekte ve 460 °C tiirbinden ¢ikmaktadir.
Gaz tiirbininden ¢ikan eksoz gazi atik 1s1 kazaninda
1s1si1 rankine ¢evrimini aktararak bacadan 101 °C’de
havaya atilir. Cizelge 1°’de verilen genel sistem
verilerinden goriildiigii gibi rankine gevrimi yiiksek ve
alcak basing olmak Tlizere iki farkli basingta
caligmaktadir. Yiiksek basing hattindaki kizgin buhar
tirbine birinci kademeden girerek tilirbin kanatlarim
dondiirmeye baslar. Algak basing hatt1 ise 4. kademeden
tiirbine girer. Yiiksek basing ve al¢ak basing hatt1 burada
birleserek enerjisi tiirbin kanatlarina aktarir. Elde edilen
mekanik enerji jenerator milini tahrik ederek elektrik
enerjisi tiretilir.

Cizelge 1. Sistem verileri (System Data)

Parametre Birim Deger
Gaz tiirbini modeli - LM 6000
Yakat tiirii - Dogal Gaz
Tiirbin giris sicakhgr °C 1200
Tiirbin cikis sicakhgr  °C 460
Basing orani - 1/29

HP, AIK ¢ikis bar 57
basinci

LP, AIK cikis bar 49
basinci

Atik gaz AIK giris bar 1013
basinci

Kombine ¢evrim Santralinin ger¢ek calisma verileri
kullanarak her nokta ig¢in EES (Engineering Equation
Solver) paket programiyla bilgisayar ortaminda
¢Oziimlemesi yapilmig olup kiitle, sicaklik, basing,
entalpi ve enerji degerleri Cizelge 2°de verilmistir.
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Cizelge 2. Kombine ¢evrim santralinin noktasal olarak
bulunan degerler (Point values of the
combined cycle plant)

Cizelge 3. Kombine g¢evrim santralinin ¢ikis verileri
(Output data of the combined cycle plant)

Noktalar m T P h E
(kg/s) (°C) (KPa) (kj/kg) (KW)
1 133 25 99.28 2934 39013
2 133 5322 2920 829.4 110282
3 1354 1200 2820 1607 217430
4 1354 458.1 1013 7475 101169
5 1354 100 101.3 3741 50630
6 1192 63.62 120 2664 3175
7 1192 65 5561 276.7 3298
8 1192 4212 5561 3238 38597
9 1192 2238 423 2909 34670
10 1525 223.8 423 2909 44355
11 15.25 44.48 7.7 2334 35599
12 1525 4448 1.7 170.8 2605
13 1525 46 420 193 2943
14 1525 951 320 398.6 6078
15 195 107 140 4486 8749
16 195 63.62 120 2664 5194
17 758 63.62 120 266.4 2019
18 7.58 65 836 2727 2067
19 3.33 2238 423 2909 9685
20 425 155 600 654 2779
21 1053 27.6 400 116 122153
22 1053 353 300 148.1 155972

Bu veriler ve termodinamik denge denklemleri
kullanilarak kombine ¢evrim sisteminin termodinamik
analiz yapilmistir. Yapilan analizler sonucunda 25 °C
cevre sicakligi ve 101.325 kPa basingta gaz tiirbini giici,
buhar tiirbini giicii, gaz tiirbini ve net elektriksel verimi
cizelge 3°de verilmistir.

Sistem elemant Deger Birim

GT 45 MW

ST 12 MW

Toplam Giig 57 MW
Net Elektrik verimi 48 %
GT Elektrik verimi 38 %
HRSG verimi 0.9 %

Cizelge 4’de -5 °C ile 40 °C arasindaki ¢evre

sicakliklarinda santral ¢alisirken alinan sistemin yakat
debisi, yogusturucu basinci, yiiksek basing hatt1 atik 1s1
kazan ¢ikig sicakligi, algak basing atik 1s1 kazani ¢ikis
sicakligi, gaz tiirbini eksoz ¢ikis sicakligi, gaz tiirbini net
giicli, buhar tiirbini net giicii, sistem toplam net giicii
verilmistir. Brayton ¢evrimi ¢evre sicakliginin artisindan
etkilenerek yakit debisi, {irettigi glic ve egzoz c¢ikis
sicakligi degisirken, Rankine ¢evrimi bu degisikliklerden
bliyilk oranda etkilenmemistir. 40°C’de giren yakit
miktar1 -5 °C’ye gore % 20 daha az yakit tiiketilirken
sistem net giicli % 21.3 civarinda azaldig1 goriilmektedir.
Ayrica kombine ¢evrim santrali 10 °C sicaklikta gaz
tirbininden ve buhar tiirbininden en yiiksek giicii elde
etmistir.

Cizelge 4’de ¢evre sicakligiyla {iretilen giiciin degisimi
incelendiginde ¢evre sicakliginin artmasiyla birlikte gaz
tirbininde {tretilen giiclin distiigli, buhar tiirbininde
iiretilen giiciin ¢ok fazla etkilenmedigi goriilmektedir.
Gaz tiirbininde iretilen giigteki azalmanin sebepleri;
kompresdre giren havanin sicakligiyla birlikte 6zgiil
hacminin de artmasi sonucu kompresdrde harcanan
enerjinin artmasidir, 1sinan havanin yogunlugunun
diigmesiyle birlikte debisindeki azalma (m = pv) azalan
debiyle iretilen giigiin diismesidir. Bu durumda artan
sicaklik ile gaz tiirbini ¢evrimine giren havanin kiitlesel
debisi azalmakta dolayisiyla tiirbinden alinabilecek gii¢
miktar1 da azalmaktadir. Havanin kiitlesel debisindeki
azalma egzoz gazlarmin kiitlesel debisinde bir azalmaya
neden olmakta ve bunun sonucu olarak buhar kazanina
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Cizelge 4. Cevre sicaklifina gore cikig verileri (Output data according to ambient temperature)

Cevre kuru termometre sicakhgi (°C)

Parametre
-5 0 10 20 25 30 40
gecv)re yas termometre sicakligi 6.7 29 65 15.1 17 23.8 325
Yakit debisi (kg/s) 2.75 2.8 2.86 2.7 2.6 2.5 2.19
Yogusturucu basinci (bar) 0.05 0.05 0.05 0.05 0.077 0.08 0.09
HP,AIK ¢ikis sicaklig (°C) 4135 4225 425 425 421 425 425
LP,AIK ¢ikis sicakligi (°C) 236.7 2351 232 230 223 229.2 228.1
Gaz Tiirbini egzoz ¢ikis1 (°C) 417.7 427.3 446 453 460 459.2 463.2
Buhar Tiirbini ¢ikis giicii (MW) 12 12.65 13.6 13.3 12 12.74 11.690
Gaz Tiirbini ¢ikis giicii (MW) 49 49.6 50 47 45 43.1 36.487
Sistem toplam ¢ikis giicii (MW) 61 62 63.6 60.3 57 55.84 48.177
OYS (kg/kWh) 0.162 0.162 0.161 0.161 0.164 0.161 0.163

daha az gii¢ verildiginden buhar tlirbininden alinan giicii
de azalmaktadir.

Cevre sicakliginin gaz tiirbini ve kombine ¢evrim santral
verimine etkisi sekil 2°de verilmistir. Gaz tiirbini ve
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Sekil 2. Cevre sicakliginin sistem verimine etkisi (Effect
of ambient temperature on system efficiency)

kombine ¢evrim santral veriminin, g¢evre sicakliginin
artmasiyla birlikte azaldigi goriinmektedir. Verimin
cevre sicakligiyla azalmasinin nedeni, ¢cevre sicakliginin

0°C’den 45°C’ye yiikselmesiyle sisteme giren havanin
Ozgilil hacminin de artmasi ve bunun sonucunda
kompresorde harcanan giiciin artmasidir. Bu azalma
tirbinden {retilen giicli etkiledigi gibi gaz tiirbini
verimini de dogrudan etkilemektedir. Degisen cevre
sicakliginin  gaz tlirbini  verimine etkisi grafikten
gorildigi gibi 45 °C artmasiyla % 21°lik azalma
meydana gelmistir.

5. SONUCLAR (CONCLUSIONS)

Elde edilen bulgular ve grafikler incelendiginde sistem
noktasal verileri ve termodinamik denge denklemleri
kullanilarak Brayton c¢evrimi giicii, Rankine c¢evrimi
giicli ve kombine ¢evrim giicii sirastyla 45,12 ve 57 MW
bulunmus, Brayton c¢evrimi, Rankine ¢evrimi ve
kombine ¢evrim verimleri sirasiyla %38, %24 ve %48
bulunmustur. Cevre sicakliginin artmasiyla tiirbinden
almabilecek glic miktar1  azalmaktadir.  Ayrica,
kompresor kisminda sikistirma isi igin gereken giic de
artmaktadir. Dolayistyla gaz tiirbini ¢evriminden liretilen
net elektrik gilicii azalmaktadir. Havanin kiitlesel
debisindeki azalma egzoz gazlarinin da kiitlesel
debisinde bir azalmaya neden olmakta ve bunun sonucu
olarak buhar kazanina daha az gii¢ verildiginden buhar
tirbininden alinan gii¢ azalmaktadir. Ayni zamanda
cevre sicakligmin sistem verimine de dogrudan bir
etkisinin oldugu ortaya konmustur.
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Cizelge 4’de Calismada elde edilen sonuglarim
literatiirde yer alan benzeri ¢aligmalar ile kiyaslanmasi
yapilarak varsa farklar ortaya koyulmaya galisiimis ve
yorumlanmustir.

[5] “Tiirkiye’de Enerji ve Gelecegi”, ITU, Istanbul, (2007),

[6] Cengel, Y.A., Boles, M.A., “Miihendislik Yaklagimiyla
Termodinamik”, Cev. Pinarbasi A. Giiven Kitabevi
Yaymcilik, 583s, [zmir, (2002).

Cizelge 4. Karsilagtirma (Comparison)

Boyaghchi  Rahim
Sistem elamani
(2015) (2013)
Toplam giig, W, (MW) 420 57
Gaz tiirbini verimi ngr 33 31,7
Bubhar tiirbini verimi ngy 34 -
KC enerji verimi 1, 52 47,5

Unver Fark 1. Fark2. Fark3.
Bu ¢aligmada
(2005) (%) (%) (%)
700 60 85,7 5 91,4
37 38 13,1 16,5 2.63
30 24 29 - 20
53 48 7,6 1 9,4

Kombine ¢evrim gii¢ santrallerinde belirlenen bazi
parametreler i¢in Referans 1. Boyaghchi ve Molaie
(2015), Referans 2. Rahim ve Giindiiz (2013) ve
Referans 3. Unver ve Kiling (2005) yaptiklari
calismalarla karsilastirmalari gizelge 4’de gosterilmistir.
Referans ¢aligmalar ile kiyaslamanin daha iyi
anlagilabilmesi i¢in referans ¢aligmalara ait toplam giic
tiretimi (W), gaz tlirbini verimi (g ), buhar tiirbini
verimi ( ngr ) ve kombine ¢evrimin toplam verimi (1, )
Cizelge 4’de verilerek yapilan calisma ile arasindaki
farklar ortaya koyulmustur. 60 MW toplam giig
kapasitesine sahip kombine gii¢ ¢evrimi ile ilgili yapilan
calisma diger calismalar ile kiyaslandiginda en fazla
verim farkinin %29 ile 1. Referans ile kiyaslanmasi
durumunda  buhar  tiirbini  veriminde  oldugu
gozlemlenmistir. Bu durumun 1. referans ¢alismasindaki
toplam gii¢ iiretimi kapasitesinin ¢ok fazla olmasindan
kaynakli oldugu diistiniilmektedir. Yapilan kiyaslamada
en az farkin ise %1 ile 2. Referans ile kiyaslanmasi
durumunda kombine ¢evrimin toplam veriminde oldugu
gbzlemlenmistir. Farkin bu denli az olmasi 2. Referans
calismasinin toplam gii¢ iretimi kapasitesinin yapilan

calismaya ¢ok yakin olmasindan kaynaklandig

diigiiniilmektedir.
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0z

Bu ¢aligma, karayollarindaki ayni yonde ilerleyen araglarin emniyetini iyilestirmek i¢in bir Acil Direksiyon Uyar1 Sisteminin
(ADUS) uygulanabilirligini analiz etmektedir. Onerilen sistem, aracin fiziksel smirlarmi ve siiriiciiniin tepkisini géz 6niinde
bulundurarak bir ses veya benzeri bir tegvik yardimiyla ¢arpismayi 6nlemenin kararini vermeye yardimci olmaktadir. Tipik
simiilasyon senaryolarit MATLAB/Simulink ve IPG / CarMaker ortak simiilasyon ortamlarinda tasarlanmstir. Onceden belirlenmis
senaryoda, o6ndeki tagitlar sistemin yiiklii oldugu tasitin bulundugu seride karisik bir algoritma ile aniden geger ve sonrasinda
siiriiciiniin direksiyon ya da fren yaparak carpismayi onlemesi beklenir. ADUS sistemi, servis freni kullanilmasiyla kazanin
kagmilmaz oldugu tespit edildiginde ve engelden kaginmanin tek yolunun serit degistirmesi oldugu durumlarda sesli uyari
iretmektedir. Simiilasyonlar, ADUS sistemi yiiklii olan ve olmayan siiriis simiilatorii kullanan bir grup katilimer tarafindan
gergeklestirilmigtir. ADUS sistemi katilimcilari bazi kritik trafik durumlarinda avantajli olabilecek daha erken ve yumusak bir
direksiyon manevrasi yapmaya tesvik etmistir. Istatistiksel sonuglar, sesli uyaranmn siiriiciilerin reaksiyon siirelerini 6nemli 6lgiide
azalttigini ve dnerilen garpigsma uyarisi sistemi ile siiriiciilerin bir dizi kazay1 6nleyebilecegini gostermistir.

Anahtar Kelimeler: MATLAB/Simulink, direksiyon uyarisi, otonom araclar, tasit kontrol sistemleri, siiriicii destek
sistemleri.

Collision Avoidance Via Emergency Steering Warning
System: A Driving Simulator Approach

ABSTRACT

This study analyzes the viability of an Emergency Steering Warning System (ESWS) to improve the safety of vehicles on highways
traveling in the same direction. The proposed system evaluates the vehicle’s physical limits, driver’s reaction and assists in making
the most logical decision to avoid a crash using a sound or a similar stimulus. Typical driving simulator events were designed in
MATLAB/Simulink and IPG/CarMaker co-simulation environment. In the predetermined scenario, the leading vehicles suddenly
move into the host vehicle’s lane and the driver is expected to avoid crash by either steering or braking. The ESWS system generates
a sound stimulus when it is determined that the crash is unavoidable with the use of service brakes and the only way to avoid the
obstacle is steering. The simulation events were performed by a group of participants using a driver simulator with and without the
ESWS system. The proposed ESWS encouraged participants to do an earlier and smoother steering maneuver which can be
advantageous in some certain critical traffic situations. The statistical results showed that the sound stimulus reduced the drivers’
reaction time significantly and a number of accidents can be avoided by the suggested crash warning system.

Keywords: MATLAB/Simulink, steering warning, autonomous control systems, vehicle control systems, advanced driver
assistance systems

1. INTRODUCTION collision such as Forward Collision Warning (FCW) and

Various active safety systems have been developed for
collision avoidance such as emergency brake assist,
stability control systems and anti-collision systems [1].
The significance of the active safety systems arises in
unexpected situations, since drivers usually have longer
reaction time in unexpected situations [2]. Therefore,
active safety systems have an important role for
mitigation or avoidance of a possible collision by a
warning or an autonomously triggered steering and
braking action [3].

Most active safety systems focus on controlling the
longitudinal behavior of the vehicle in order to avoid

*Sorumlu Yazar (Corresponding Author)
e-posta : atabay@itu.edu.tr

Active City Stop (ACS). However, in some cases active
longitudinal control may not be sufficient to avoid a
collision [4]. If the relative speed between vehicles is
more than 50 km/h, the distance required to avoid
collision by a steering maneuver is less than the distance
required to avoid collision by a braking maneuver [5].
Moreover, a single braking maneuver without steering
was identified as the most frequently encountered first
natural response for drivers, and a steering maneuver
could be observed if a single braking maneuver is
perceived as insufficient by drivers [6,7]. Therefore, first
attempt of the drivers could be braking, and after then a
combination of steering and braking even though a single
steering maneuver could avoid a possible collision. The
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reason of this could be the lack of experience of the
drivers for applying high lateral accelerations [8].
Driving simulators could provide significant information
for design and development of active safety systems [8-
10]. A steering warning system has been proposed in this
study by considering whether a single braking maneuver
is sufficient to avoid a possible collision.

In this study an Emergency Steering Warning System
(ESWS) is proposed to reduce the drivers’ response time
and encourage drivers to avoid an obstacle by steering
using a warning system with a sound stimulus if the
relative speed between vehicles is above 50 km/h. The
ESWS was designed to be activated if only a single
braking maneuver is not enough to avoid a possible
collision. If the ESWS is active it does not guarantee that
the collision could be prevented via steering, however a
steering maneuver is definitely necessary to avoid or
mitigate a possible collision. The proposed ESWS was
implemented to a driver simulator and a number of cases
were designed. In the first case, the ESWS of the
simulated vehicle was disabled so that participants used
their own judgment for choosing steering or braking
maneuvers. In the other case, the ESWS was activated so
that participants were prompted by a sound stimulus to
steer away where the collision is determined to be
inevitable. The aim of this study is to investigate the
viability of the proposed ESWS in a driving simulator by
carefully examining the effects on drivers’ response time,
number of possible collisions avoided and reduction of
the average maximum absolute yaw rate.

The literature survey showed that most of the studies
performed on emergency crash warning systems to date
focus mainly on the longitudinal aspects of the problem,
and the studies on lane change warning systems
considering the lateral vehicle dynamics is very scarce.
The originality of the proposed method is that when a
possible crash is detected, the system evaluates the safe
braking and steerable distances; if the crash avoidance
using steering is more favorable than the driver is
stimulated by a warning signal. The objective of this
study is to understand the effectiveness and possible
consequences of the proposed ESWS system using
driving simulator tests. In the following sections, the
training phase and the simulator experiments will be
explained, the participants’ information and the
simulation results will be shown and the effects of the
ESWS on human response and accident avoidance will
be discussed in detail.

2. METHOD

The experiments were performed by using a fixed-base
driving simulator. Thirty drivers were participated in the
experiments. In a simulator room, the simulation was
performed by using a video projector, force feedback
steering wheel including an accelerator and a brake
pedal. The software environment is co-simulation where
the driver training and simulator experiments were
prepared by using IPG/CarMaker and

MATLAB/Simulink together. The nonlinear tire model
is embedded by default in the CarMaker software which
is experimentally validated via various studies [11-15].

2.1. Training Phase

The road selected was double lane in one way. Host
vehicle, which was driven by the participants was placed
onto the left lane of the road by default. The width of each
lane and longitudinal distance of the training path was
designed as 3.5 meters and 10 km respectively to make
enough exercises with a driving speed of 130 km/h. The
coefficient friction of the road was set to be 1.0 as
experienced on a dry asphalt. The overall mass of the host
vehicle, height of the center of gravity, body roll moment
of inertia, body yaw moment of inertia and body pitch
moment of inertia are shown in Table 1. The maximum
legal speed is 130 km/h in most countries in Europe.
Therefore, the maximum legal speed was chosen as the
speed of host vehicle in this study.

Table 1. Host Vehicle Parameters

Overall mass 1564 kg

Height of the center of gravity 0.5 m

Body roll moment of Inertia 485 kgm?

Body yaw moment of Inertia 1850 kgm?

Body pitch moment of Inertia 1640 kgm?

Tire designation RT 225 [-1
50 R17

During the training phase, participants were asked to
perform a sudden braking to a complete stop while
driving straight at a constant speed of 130 km/h. After
they were adapted to braking, they were recommended to
make lane change maneuvers during full braking to avoid
collision to obstacles. Finally, they were recommended
to make lane change maneuvers suddenly without
braking at 130 km/h to avoid collision to vehicles. The
training session lasted approximately for half an hour
prior to the simulator experiments. It’s known that direct
experience is needed in addition to anticipatory
information to benefit from a warning system in driver
assistance technologies [16]. Therefore, drivers were
informed and experienced about ESWS.

2.2. Simulator Experiments

In the experiments, 15 busses were placed onto the right
lane of the road 150 meters apart. The distance between
host vehicle and the closest bus was defined as 3 km at
the beginning of simulation. The host vehicle was placed
onto the left lane of road by default. When the simulation
started, the busses accelerated by keeping same distance
until they reached 40 km/h. Host vehicle was totally
controlled by the participants as it is mentioned earlier.
The participants were asked to accelerate until they reach
130 km/h constant speed on the left lane. The driving
simulator is shown in Figure 1.
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Figure 1. Driving Simulator

L

Figure 2. The cut in event of the busses.

In the first case, the ESWS of the vehicle was disabled
however in the second case the ESWS was activated. The
participants were adapted to the driving simulator after
an intense training and therefore the results are free from
learning effect. In both cases, the participants were
advised to drive at a constant speed of 130 km/h which is
the legal speed limit on highways in most countries
unless they recognize an obstacle or a vehicle on their
lane. One of the busses (selected randomly for each
experiment) cut into the left lane with 5 m/s lateral
velocity as it is illustrated in Figure 2. The distance
between the preceding and host vehicle at the time the
bus (preceding vehicle) started to change lane, has to be
identified and must be the same value for all participants.
ESWS sound is activated (second case) if a single
braking maneuver is not sufficient to avoid a possible
collision as it is illustrated in both Figure 3 and equations
(1) & (2). For awarning instrument, a sound stimulus was
selected. A modern car is equipped with many warning
systems by sound, however in this study the host car was
just equipped with ESWS. Therefore, it is not a problem
for the driver to distinguish different sounds. The sound
stimuli of ESWS was designed to be activated at the time
the bus started to enter the lane of the host vehicle. For
this reason, the distance at the time the bus started to enter
the lane of host vehicle must be lower than the minimum
distance required to avoid a possible collision via a
braking maneuver. In order to identify the distance

between the preceding and the host vehicle at the time the
bus started to change lane, the minimum distance
required to avoid a possible collision via a braking
maneuver could be identified at first.

1

— 2
dbrake - Vrelative +Tresponsevvehicle (1)

2ax(mean)

As it is shown in equation (1), dp,qre 1S the minimum
longitudinal distance from the preceding vehicle to avoid
collision (last time to brake in Figure 3) via a braking
maneuver [17]. It depends on the average longitudinal
deceleration ay(meqny, relative speed between vehicles
Vrelative aNd response time T,.gponse- The weather
conditions were not taken into account in this study. The
average longitudinal deceleration on a dry asphalt
Oy (mean) Was calculated as 7.8 m/s*> depending on the full
braking exercise performed in IPG/CarMaker software.
Actually, it was the minimum time calculated for brake
pedal to reach 100% position (brake pedal is pressed)
from 0% position (brake pedal is not pressed) without
considering response time. The relative speed between
vehicles was defined as 90 km/h according to the given
speed values of the preceding and host vehicle. The
response time 7,..sponse depends on the simulation delay
Tsimulation and reaction time T, ceion @S Shown in
equation (2).

Tresponse = Treaction + Tsimulation (2)
LAST TIME LAST TIME
TO BRAKE TO STEER
ESWS inactive ESWS active

OBSTACLE

Figure 3. The activation principle of ESWS according to the
last time to brake.

At first, the reaction time was selected as 160 ms which
is in line with the studies as the mean reaction time of
humans to a sound stimulus is 160ms [18-20]. Moreover,
the average simulation delay was calculated as 250 ms
according to MATLAB/Simulink and IPG/CarMaker
software. A summation of the average simulation delay
and mean reaction time gives 410 ms for the average
response time depending on equation (2). The minimum
longitudinal distance between the preceding and host
vehicle was calculated as 50.31 meters to avoid collision
via braking according to equation (1). This value stands
for the last time to brake as shown in Figure 3. Therefore,
the distance between vehicles at the time the bus started
to change lane must be lower than 50.31 meters to
activate the sound stimuli of ESWS at that time. As
shown in Table 2, by considering the maximum range of
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the long range radar (LRR) as 120 meters, the distance
between vehicles at the time the bus started to change
lane was proposed as 43.7 meters for the activation of
ESWS, which is lower than 50.31 meters. As mentioned
before, the collision could not be prevented via braking
if the distance between vehicles at the time the bus started
to a lane change maneuver is higher than 50.31 meters.

Table 2. The parameters to calculate the proposed distance
between vehicles at the time the bus started to

proposed distance and speeds of the preceding and host
vehicle were selected as constant values.

change lane

Average proposed driver response time 410 | ms

Relative speed between vehicles 25 | m/s

(the preceding and host vehicle) Figure 4. The necessity of an emergency steering maneuver for

collision avoidance.

Calculated minimum distance required | 50.31 [ m

to a\émﬁ_a possible collision avoidance In both first and second cases after the bus cut into the

Via braking left lane, the participants were free to steer and brake

Desired distance between vehicles at the | 43.7 | m according to their experiences as it is illustrated in Figure

time the bus started to change lane 4 In the second case, the condltlo_ns were the same as
first case except ESWS. Moreover, in the second case the

In this study, the proposed distance and speeds of the
preceding and host vehicle were constant before the
activation of ESWS. On the other hand, all of them could
be variable in the real traffic situations. Therefore, by
considering mean deceleration value and response time,
the activation of ESWS was coded as an embedded
function in MATLAB/Simulink. This function depends
on the relative speed and distance between vehicles
which could be read from LRR as continuous variables
in real-time in MATLAB/Simulink. Therefore, ESWS
was also working with different speed values of the
preceding and host vehicle in this study. On the other
hand, to compare average maximum absolute yaw rate
and average shortest distance for all participants, the

frequency and loudness of the sound stimulus of ESWS
was desired as 450 Hz and respectively 74 dB.

2.3. Decision Making

The activation principle of ESWS not only depends on
the last time to brake as shown in Figure 2, but also
depends on the other parameters as shown in Figure 5.
The first condition for the activation of ESWS is passing
the last time to brake as mentioned before. In addition to
this, the relative speed between vehicles must be above
50 km/h for the activation of ESWS, since it could be still
possible to avoid collision via steering after passing the
last time to brake for that speed [5,17]

. Steering
B:’::;:i enD @ warning
P cancelled
ﬁ NO ﬁ NO
Lasttime | YES| Steering Zone
START @0 tobrake | warning =>| 1,2and3
missed? planned Free?
ﬂvss
Steering NO Lane change Steering
eno @ warning  [<4 com Iete§7 | warning
active P | activated
ﬂvss
Steering
warning @ eno
deactivated

Figure 5. Decision making for the activation of ESW
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In order to fulfill this condition, Blind Spot Detection
system (BSD) and related corresponding systems could
be used simultaneously [21]. At first glance, it could be
decided that it is still possible for a lane change if zone 1
is not free. On the other hand, if the speed of the vehicle
travelling in zone 1 is lower than the preceding bus, the
devastation of the collision could be even more.
Therefore, the safest condition is to perform a steering
maneuver if all zones are free. If there are more than two
lanes on road, the driver may choose an appropriate
direction which is free to steer via the assist of BSD. In a
real unstructured setting the ESWS may include a
steering vibration instead of a sound stimuli as haptic
warnings lead to a faster driver reaction in steering [22].

2.4. Information About Participants

30 people participated in this simulation as mentioned
before. The distribution of the distance driven by the
participants per year could be seen in Figure 6. The
average distance driven by the participants per year was
calculated as 5771 km.

Number of participants

16

15.000-20.00010.000-15.000 5.000-10.000 2.500-5.000 0-2.500

Distance driven per year (km) - average distance driven per year = 5.771km

Figure 6. Distance driven by participants per year.

Number of the participants
12

10

s

5]

0.8-0.7 0.7-0.6 0.6-05

H Response time (s) ESWS ON

After all experiments were completed, the data were
processed to determine:

e average response time

e average time to collision (TTC) at the end of
the response time

e average maximum absolute yaw rate

e average shortest distance between vehicles at
the end of the response time

as it is illustrated in Table 3. The average response time
decreased by 71 milliseconds in the second case in which
ESWS was active. This reduction in the response time
provided an additional 1.77 meters distance to the
participants for a better response such that the average
maximum yaw rate decreased by 0.133 rad/s in the
second case. Therefore, the total number of collisions
decreased by 4 in the second case. The distribution
columns of the response time of the participants could be
seen in Figure 7. The peak value of the number of the
participants during ESWS OFF and ESWS OFF is 0.6 -
0.5 seconds and 0.5 - 0.4 seconds respectively. The
number of the participants during ESWS ON is always
higher than ESWS OFF between 0.5 and 0.2 seconds of
the response time. However, the number of participants
during ESWS OFF is always higher than ESWS ON
between 0.8 and 0.5 seconds of the response time. The
response time decreased for the 22 participants and
increased for the 8 participants in case ESWS was
activated. Therefore, 73% of the participants benefited
from the proposed ESWS. The standard deviation of the
average response time is 129 ms and 102 ms during

_iHiH“[iu

0.5-0.4 0.4-0.3 0.3-0.2

H Response time (s) ESWS OFF

Figure 7. The distribution of the response time of the participants

3. RESULTS AND DISCUSSION

All of the simulator experiments (with/without ESWS)
including the training phase were performed by using the
same 30 participants. It took approximately 45 minutes
for one of the participants to complete all of the
experiments.

ESWS ON and OFF conditions respectively. According
to confidence analysis, p value in the change of the
average response times was calculated as 0.002 which is
smaller than 0.05 to satisfy 95% confidence. The distance
between vehicles at the time the bus (preceding vehicle)
started to lane change was desired as 43.7 meters (which
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is lower than 50.31 meters) to activate ESWS as soon as
possible during the cut-in event, as shown in Table 3 and
4. On the other hand, number of collisions because of a
rear-end crash (the crash between the front side of host
vehicle and the rear side of the bus) increased by 6 in the
second case. These same 6 participants had an accident
because of the departure from road in the first case and
they had an accident because of a rear-end crash in the
second case.

Table 3. The simulation results

PARAMETERS ESWS ESWS DIFF.
ON OFF
Average measured 474 ms 545ms | -71ms
response time (129 ms (102 ms
st.dev) st.dev)
Average TTC 1277 ms [ 1206 ms | +71ms
at the end of the
response time
Average maximum 0.458 0.571 -0.113 rad/s
absolute yaw rate rad/s rad/s
Average shortest 31.92m 30.15m | +1.77m
distance between
vehicles at the end
of the response time
Average longitudinal | 11.77 m 1355m [-1.77m
distance travelled
during the
response time
Distance between 43.7m 43.7m -
vehicles at the time
the bus started
to change lane
Total number 21 25 -4
of collisions
Number of
collisions because 11 5 +6
of a rear-end crash
Number of collisions
because of the 10 20 -10
departure from road

Results show that the decrease of the average response
time by 0.071 seconds, provided participants an
additional 1.775 meters to do a smoother steering or
braking maneuver when ESWS was active. The
confidence analysis provides more than 95% confidence
for the response times. The increase of TTC also resulted
in the decrease of the total number of collisions by 4,
when ESWS was active. The number of rear-end
collisions seems to be increased by 6 when the ESWS

was active. However, these 6 participants all had an
accident because of the departure from road in the first
case and because of a rear-end crash in the second case.
Therefore, the increase in rear-end collisions in the
second case came from the departure collisions in the
first case. The statistical results showed that some of the
participants who experienced collision as a result of lane
departure when the ESWS was OFF, experienced rear-
end collision with the busses when the ESWS was
activated. It should be examined whether the rear-end
collision or departure from road is preferable. It could
depend on the vehicle type in front (such as a truck, bus
or car) to prefer a read-end collision rather than departure
from road. This is a case to be discussed during
implementation of the system if possible and it is not in
the scope of this study. Moreover, a collision mitigation
system via braking is always suggestible with or without
ESWS. The total number of collisions also depends on
the distance between vehicles at the time the bus
(preceding vehicle) started to change lane. If the distance
is longer, the collision probability is less. The decrease in
the total number of collision does not depend on learning
effect because the participants tried ESWS on/off cases
after a tough training. On the other hand, ESWS does not
guarantee to avoid a collision. The aim of ESWS is the
reduction of the response time to avoid a collision such
as the most important aim of the warning systems. There
are also many cases distracting the concentration of
drivers while driving like having a conversation, talking
on mobile and watching outside while driving. Therefore,
warning systems have an important role for the driving
safety by reducing the response time [3].

4. CONCLUSIONS

As a result, the proposed ESWS assisted to reduce the
average response time and total number of collisions
successfully in this study. The implementation of the
system may include a haptic warning rather than a sound
stimulus. On the other hand, ESWS was not sufficient to
avoid most of the collisions since the proposed system is
only a warning system which does not intervene the
driver’s actions. In order to avoid collisions, an
emergency autonomous steering system could be
designed by considering the response time according to
the stability limits of the vehicle [3]. However, if driver
is allowed to intervene this automatic steering maneuver,
most of the drivers could possibly block this intervention
according to a corresponding research [23]. Therefore,
the autonomy level of the corresponding system must be
determined in order to cooperate with the driver
successfully. The simulations were performed on a
fixed-base driving simulator which does not provide
deceleration and acceleration feelings to the driver.
Implementation of moving-base simulators are suggested
for future studies so that combined braking and steering
events can be replicated with high fidelity. In the
performed simulations, the ABS was active to enable
steering maneuvers during braking, however ESP was
not used for simplicity. The response of the drivers
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against the proposed steering warning system with an
active ESP needs further attention.

5. ABBREVIATIONS

ESWS Emergency Steering Warning
FCwW Forward Collision Warning
ACS Active City Stop
LRR Long Range Radar
BSD Blind Spot Detection
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Gazbeton Malzemesinden Uretilmis Duvarlarin Celik
Lifli Beton Panellerle Gii¢lendirilmesi: Deneysel
Calisma
Aragtirma Makalesi / Research Article

Alper BUYUKKARAGOZ", Nuri SEVIL, Yagmur KOPRAMAN
Gazi Universitesi Teknoloji Fakiiltesi, Insaat Miihendisligi Bliimii, Ankara, Tiirkiye
(Gelis/Received : 20.12.2017 ; Kabul/Accepted : 28.01.2018)

oz

oldukea yiiksektir. Yigma duvarlara yeterli dayanim ve rijitlik kazandirilmasi i¢in mantolama, katman ekleme vb. gibi farkli
yontemler uygulanarak pek ¢ok deneysel caligma yapilmistir. Ancak bu yontemlerin etkin olmalarinin yaninda, uzun bir yapim
siiresi gerektirmesi ve mimari goriintiiniin bozulmasidan dolay1 yeni bir uygulamanin gelistirilmesi gerekmektedir. Bu ¢alismada,
celik lifli beton paneller kullanilarak y1gma duvarlarin ucuz, kolay iiretilebilir ve pratik bir bicimde gii¢lendirilmesi saglanmistir.
Caligma kapsaminda, gazbeton (GB) kullanilarak iiretilen toplam 4 adet duvardan 3’ii belli oranlarda gelik lif kullanilarak iiretilmis
beton panellerle gii¢lendirilmistir. Deneyler sonucunda; deney elemanlar1 arasindaki dayanim, deformasyon ve enerji tiikketme
kapasiteleri karsilastirilarak degerlendirilmistir.

Anahtar Kelimeler: Gazbeton, beton panel, giiclendirme, ¢elik lif.

Strengthening of Walls Produced From Aerated
Concrete Material With Steel Fibered Concrete Panels:
Experimental Study

ABSTRACT

Due to their insufficient lateral strength and rigidity under earthquake loads, the walls are vulnerable to damage in masonry
buildings. Various methods such as jacketing and adding of layers, etc. have been studied for many years in order to improve lateral
resistance and strength of the masonry walls. These methods are effective, however, they require a long application period and the
implementation of these methods may cause loss of architectural functionality and deteriorate structural aesthetics. Therefore, the
development of a new technique would be quite useful. In this study, masonry walls are strengthened with containing steel fibers,
which are cheap, easy to produce and practical. This study presents the results of the tests on four walls built with aerated concrete
(GB), three of which were strengthened symmetrically using by concrete panels with specified amount of steel fibers. The results
of the experiments are discussed with regard to strength, deformation and energy dissipation capacity.

Key words: Aerated concrete, concrete panel, strengthening, steel fiber

1. GIRIS (INTRODUCTION) kuvvetlere karst dayanimi, eksenel yiiklere gore
tasarlanan tagityict duvarlarim kayma davranisinin zayif

Yigma duvarlarin giiglendirilmesi, son zamanlarda ?
olmasi nedeniyle oldukga diisiiktiir. Y1gma tastyici

iizerinde ¢alisilmaya baglanilan olduk¢a Onemli bir
konudur. Literatirde bu konu ile ilgili yapilmig sisteme sahip binalar, yiikksek deprem riski igeren
caligmalar bulunmaktadir [1-18]. 2007 yilinda yiirtiirlige  bolgelerde teknolojik gelismelere bagli olarak pek tercih
giren en son Tiirk Deprem Yonetmeligi (TDY) [19]’'nde  edilmeseler de halen Tirkiye yapi stokunun yaridan
de tugla dolgulu cergeveler igin gesitli gliclendirilme ve  fazlasinin yigma tastyici sisteme sahip binalardan
hesap yontemleri verilmistir. olustugu bilinmektedir [20]. Tasiyict sistemine
bakilmaksizin deprem riski bakimindan can kayiplarinin
tasiyici sistemi yigma olan binalarda tugla v.b engellenebilmesi i¢in tugla v.b mal;eme ile {iretilen
malzemelerden iiretilmis duvarlar, diisey yiiklere karst duvarlarin yatay yiikler karsisindaki dayammlarmm
belirli bir dayamm saglayarak yapiyl tagiyan ana artmasi, yapilarm yatay yikler karsisindaki
unsurlardir. Bu tiir yapilarm yatay yonde etkiyen sismik ~ performansinin iyilestirilmesi olduk¢a 6nemlidir. Bu

Betonarme g¢ergeve tastyict sistemlerinden farkli olarak,

*Sorumlu Yazar (Corresponding Author) giivenligine sahip olmayan G4 tipi gazbeton ile imal
e-posta : karagoz@gazi.edu.tr
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edilmis duvarlar i¢in hizli ve kolay uygulanabilen, etkili
bir giliglendirme tekniginin gelistirilmesidir.

2. DENEYSELCALISMA (EXPERIMENTAL
STUDY)

Bu caligmada, G4 sinifi gazbeton malzeme kullanilarak
900 mm yiiksekliginde ve 900 mm uzunlugunda 4 adet
duvar imal edilmistir. G4 sinifi gazbeton diisey tastyict
duvar elemanlart tiretiminde kullanilan bir malzemedir.

Uretilen duvarlardan referans elemanlar disindakilerinin
her iki yiliziine 450 mm yiiksekliginde, 450 mm
genisliginde ve 10 mm kalinliginda belli oranda gelik 1if
katilarak tiretilmis olan beton paneller Sikadur 31 epoksi
yapistirict kullanilarak yapistirilmustir.

Deneyler sonucunda elde edilen sonuglardan onerilen
giiclendirme tekniginin deney elemanlarmin genel
davranig, dayanim ve rijitliklerine etkileri incelenmistir.
Yapilan deneysel calismalar sonucunda elde edilen
sonuglarin, bu konu ile ilgili literatiire katki saglayacagi,
uygulanan yontemin ucuz, pratik ve hizli uygulanabilir
olmasinin mevcut yigma yapilarin giiglendirilmesinde
o6nemli avantajlar saglayacagi diisiiniilmektedir. Deney
elemanlarina ait 6zellikler Cizelge 3’te verilmistir.

2.1. Malzemeler ve deney elemanlar1 (Materials and

test specimens)
Deney elemanlart gazbeton malzemeden iiretilmistir.

Deney elemanlarinin geometrik boyutlart 900 x 900 x
200 mm’dir. Duvar elemanlarinda  kullanilan

sonuglar1 Sekil 1’de ise prizmatik basing dayanim test
fotograflar: goriilmektedir.

Sekil 1. Gazbeton ile iiretilmis eleman (Specimen produced
with aerated concrete)
Deney elemanlarinin, yaklagik basing dayanimi 40 MPa
olan 10 mm kalinhigindaki lifsiz ve belli oranlardaki ¢elik
lifli beton panellerle giiclendirilmesi yapilmustir. Celik lif
olarak Dramix ZP305 marka lifler kullanilmistir. Dramix
ZP305 malzemesine ait Ozellikler Cizelge 2’de
verilmistir. Beton paneller basing dayanimi 65 MPa,
¢ekme dayanimi 20 MPa ve yapisma dayanimi yaklagik
olarak 3,5 MPa olan iki bilegenli epoksi re¢inesi (Sikadur
31) kullanilarak duvar yiizeyine yapistirilmigtir. Calisma
kapsaminda Tiretilip test edilen deney elemanlar1 Cizelge
3’de verilmistir. Beton panellerin {iretim agamas1 Sekil

Cizelge 1. Prizmatik basing dayanim sonuglar1 (Results of prismatic compression strength)

Ortalama Diizeltilmi ;
. Prizmatik i . HzeThmis Kesit Basing
Duvar Malzemesi b (N) Prizmatik Prizmatik Alam Dayanim
nim

ava Dayamim (kN) Dayamim * (kN) (mm?) (MPa)

248,74
Gazbeton 227,59 236,19 207,85 57000 3,65

232,24

*Diizeltme katsayilart ASTM E447°de verilmistir.

malzemeleri baglayici harg olarak, ASTM C270’de [21]
normal har¢ (N tipi) olarak tanimlanan duvar harci
kullanilmigtir. Bu standartta belirtilen ¢imento, kireg,
kum ve su oranlart sirastile 1 : 1 : 6 : 1,5’tir. Baglayici
harglardan alinan 3 adet 150 x 300 mm boyutlarindaki
silindir numunelere 28 giinliik kiir ardindan eksenel
basing testi uygulanmig ve ortalama 5 MPa’lik bir basing
dayanimi  elde  edilmistir.  Duvarlari  olusturan
malzemelerden iiretilen yalin duvar prizmalar1 icin
ASTM E447°de [22] oOngorillen prizmatik basing
dayanim testi de uygulanarak yalin duvarlarin benzer
basing dayanimda olmasi saglanmistir. Bu testte
gazbeton kullanilarak {tretilmis elemanlarin boyutlar
190 x 300 mm’dir. Toplam 3 adet eleman test edilmis ve
ortalama basing degerleri alinmistir. Cizelge 1’de test

2’de verilmistir. Deney elemanlar1 isimlendirmesinde ilk
2 harf malzeme tiiriinii, ti¢lincli rakam ise kullanilan
beton panellerde hacimsel olarak hangi oranda (%) ¢elik
lif bulundugunu gostermektedir. R ile gosterilen
tanimlama referans deney elemanina aittir.

Cizelge 2. Celik life ait 6zellikler: Dramix ZP305 (Properties
of steel fibre:Dramiz ZP305)

Teknik Ozellikler

Boy (mm) 30
Cap (mm) 0,55
Narinlik 55
Ozgiil Agirhk (gr/cm®) 7,85
Cekme Dayanimi (MPa) 1100
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Cizelge 3. Deney elemanlari (Test specimens)

II(\;Il;lallzl:rLZn DeneyAlllillemam Giiclendirme Uygulamasi
Gazbeton Referans . [ |
Yalin Duvar Elemant [ _
(GBR) i |
1T 1]
Gazbeton o i} o
(GBO) Celik lif bulunmayan beton panellerle gii¢lendirilmis
duvar elemani
Gazbeton
Gazbeton o ) o -1 - -
(GB1) %1 celik lif bulunan beton panellerle giiclendirilmis ———
duvar elemani — == -
Gazbeton o i o
(GB2) %2 gelik lif bulunan beton panellerle giigclendirilmis
duvar elemani

(b)

Sekil 2. a) Betona Dramix ZP305 eklenmesi b) Beton panellerin {iretim i¢in kaliba dokiimii (a) Adding Dramix ZP305 to

concrete b) Molding of concrete panles for production)

2.2. Test ve Ol¢iim Diizenegi (Instrumentation and test
procedure)

Calismada, deney elemanlart ASTM ES91°de [23]
ongoriilen bigimde test edilmistir. Sekil 2°de verilen test
gergevesi igerisinde bulunan deney elemanlarina
diyagonal yiik uygulanmustir. Yiikleme dogrultusunda ve
yikklemeye dik dogrultuda meydana gelen dogrusal
deformasyonlar 6l¢iilmiistiir.

Deney elemanlarina yiik aktarma amaciyla 750 kN
eksenel yiik kapasiteli bir ¢erceve kullanilmistir. Deney
elemanlarina verilen yiik, 1000 kN basing kapasiteli bir
kriko ile ve el ile yiiklenen bir hidrolik pompa yardimu ile
verilmistir. Yiikleme cercevesi igerisine yatayla 45°
egimli olarak yerlestirilen deney elemani {izerinden iki
dogrultuda deformasyon ve eksenel yiik 6l¢iimii olmak
iizere toplam 3 adet 6l¢iim alinmigtir. Alinan Slgiimler
elektronik veri toplama aleti araciligi ile bilgisayar
ortamina kaydedilmistir. Yiikleme ve olglim diizenegi
Sekil 3’de verilmistir.

337

Test Cergevesi a3

}, > Hidrolik Kriko

Yiik Hileresi
= Yilkleme ug elemam

Test Cengevesi

A

Not : Olgiller mm cinsindendir.

Sekil 3. Deney elemant yiikleme ve dl¢iim diizenegi (Test
specimen and instrumentation)
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3. DENEYSEL SONUCLAR (TEST RESULTS)

Deneysel ¢alismalarda toplam 4 adet deney eleman test
edilmistir. Deney elemanlarimin degerlendirilmesinde,
gliclendirme uygulanmis ve yalin deney elemanlarinin
kritik yiik asamalarindaki ve tagima giicii asildiktan
sonraki davranmiglarinin irdelenmesi igin daha once
yapilmis olan caligmalar da dikkate alinarak, deney
elemaninin tepe noktasindan sonra pratikte yik
tagimaya devam etse de artik goctiigiiniin kabul edildigi
bir “gd¢me noktasi” tanimlanmigstir. Bu nokta, tasima
giicline ulasildigr “tepe noktasi” yiik seviyesinden
itibaren %15’lik yiik kaybimin meydana geldigi yer
olarak kabul edilmistir. [24]

3.1. Yiik ve deplasmanlar (Load and displacements)

Yapilan deneysel ¢alismalar sonucunda, referans deney
eleman1 (GBR) 80 kN diyagonal basing yiikii tagimustir.
Referans deney elemani diyagonal ve uygulanan yiik
dogrultusunda olusan ana kesme ¢atlagindan dolay1
gocmustur.

Beton panellerle giiclendirilen duvar elemanlari
ortalama 239 kN yiikk seviyesine ulagmustir.
Giiglendirilen deney elemanlarmin tagima giicii,
referans elemana kiyasla 2.8-3.2 kat aralifinda
artmistir.  Giiclendirilen duvar elemanlar1 ¢elik lif
oranima bagl kalmaksizin yaklagik ayni tasima giicii
degerlerine ulagmistir. Gogme, GB0 deney elemaninda

olusan kesme catlagi ve beton panellerden sag altta
olaninin yapisma yiizeyinden ayrilmasi neticesinde
meydana gelmistir. Buna neden olarak, gazbeton
eleman yiizeyinin daha tozlu bir yapiya sahip olmasi ve
bu durumun da yapisma dayanimini etkilemesi olarak
gosterilebilir. GB1 ve GB2 deney elemanlari ise olugan
ana kesme catlagi ve iist bagliktaki beton panellerin
ezilmesi neticesinde go¢miiglerdir.

Duvar elemanlarinin deney sonuglari Cizelge 4’te ve
yiik-deplasman egrileri Sekil 4’te verilmistir.

Deney elemanlar1 tagima giicii kriteri bakimindan
irdelendiginde, birim basing dayaniminin diyagonal
cekme kapasitesi ile dogru orantili oldugu sonucuna
varilmistir. Ayrica, birim basing dayanimi arttik¢a
duvarin, giiclendirme yontemi ile ulasilabilen tasima
giiciinde de artis gdzlenmistir. Ayrica yapisma yiizeyinin
diizgiin olmasi ve duvarin biitiin ylizeylerinden panellerin
yapisabilmesi de dayanim artisi konusunda &nemli bir
unsur olarak goziikmektedir. Deney elemanlarinda
kullanilan ¢elik lif oranlarmin tasima giicii agisindan
anlamli bir artisa neden olmadig1 ancak olusan catlak
genisliklerini  sinirladigi, deney elemanina kismen
stineklik kattif1 ve parcasal biitlinliigiin korunmasini
sagladigt gozlemlenmistir. Gliglendirme uygulanmis
biitiin deney elemanlarinda referans deney elemanlarinda
oldugu gibi pargasal ayrilmalar gézlenmemis ve deney

elemanlar1  go¢melerine  ragmen  biitiinliiklerini
Cizelge 4. Deney elemanlarinin deney sonuglari (Test results of test specimens)
Deney Tepe Noktasi Gogme Noktasi
Elemam  D8rultt — Deplasman  Yik Gl / Ref. Deplasman Yiik(kN) Giigl. / Ref.
(mm) (kN) (mm)
Diisey -0,81 -1,50
GBR Yatay 0,26 80 - 1,40 68 -
Diisey -0,51 -1,54
223 190
GBO Yatay 0,40 2.79 3,46 2.79
Diisey -0,35 -0,51
GBl Yatay 0,09 259 3.24 2,53 219 3.22
Diisey -0,65 -1,21
B2 Yatay 0,50 235 2.94 3,38 197 2.90
400 -
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350 | ===+GB1 .
-— | GB2
200 N
GEBER
250 =N I"'_"“""-"""'“--.._.,
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Sekil 4. Deney elemanlarinin yiik-deplasman egrileri (Load-displacement curves of test specimens)
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korumugslardir. Deney
goriiniimleri ise Sekil 5°de verilmistir.

elemanlarmin  deney sonu

kapasitelerinin arttigin1  gostermektedir. Ancak %2
oranindan fazla lif kullanimi 1 cm kalinliginda beton

Sekil 5. Deney elemanlarinin deney sonu goriiniimleri (The view of test specimens after tests)

Referans duvarlar ile kiyaslandiginda, giiglendirilmis
duvarlarin tepe noktalar1 arasinda -% 43 ile +% 91
arasinda degisen deplasman farklar1 meydana gelmistir.
Ozellikle GB1 deney elemani GBR referans
elemanina gore olduk¢a rijit bir davranis
gostermistir. Go¢me noktalar1 incelendiginde ise
deplasmanlarda 2.5 kata varan artiglar
gozlemlenmistir. Genel olarak giiclendirilmis deney
elemanlari, referans elemanlara gore daha az yiik kaybi
sergilemislerdir.

Deney elemanlarinda giiclendirilen elemanlarin GBR

panel iiretiminde sorunlar yaratacagindan bu oran sinir
deger olarak kullanilmalidir. Cizelge 5°de enerji
tilkketme kapasiteleri verilmistir.

4. SONUCLAR (CONCLUSIONS)

Deneysel ¢aligma kapsaminda iiretilen ve test edilen 4
adet deney elemanindan elde edilen sonuglar asagida
Ozetlenerek verilmistir.

e Onerilen giiglendirme yontemi, gazbeton malzeme
kullanilarak {iretilen duvarlar iizerinde basarili

Cizelge 5. Deney elemanlarinin enerji tiikketme kapasiteleri (Energy dissipation capacities of test specimens)

Deney Elemam Dogrultu Telz\e]é\fﬁ;tas‘ Giigl./Ref. Gogggllj\ig)k tast Giigl./Ref.
Diisey 49 - 101 -
GBR Yatay 18 - 105 -
GBO Diisey 164 3.35 604 5.98
Yatay 163 9.06 1486 14.15
GB1 Diisey 109 2.22 187 1.85
Yatay 43 2.38 1223 11.65
GB2 Diisey 265 5.41 510 4.86
Yatay 230 12,77 1540 14.67

elemanina kiyasla yiik tasima kapasitesi agisindan tepe
ve gb¢me noktalarinda yaklagik 3.2 kat oraninda artig
meydana gelmistir. Ozellikle gogme noktalari agisindan
%2 celik lifli beton panellerle gii¢lendirilmis duvar
elemaninin enerji tilketim degeri referans elemanina
gore oldukea fazla ¢ikmistir. Bu degerler, gelik lif oram
arttikga duvarlarin 6nemli oranda enerji tiketim

olmusg, duvarlarin tagima giiciinii ve deplasman
kapasitesini artirmigtir.

e Celik lif kullanilan panellerde daha siinek bir
davranis  gozlenmis ve  enerji  tiiketme
kapasitelerinde de biiyiik artiglar olmustur.

e  Kullanilan gelik lifli paneller sayesinde ani ve toptan
gboeme gozlenmemis ve deney elemanlari
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biitiinliiklerini korumuglardir.

Uygulamada  yapisma  yiizeyinin  miimkiin
oldugunca diizgiin, tozdan arindirtlmig olmasi ve
beton panellerle duvar arasinda bosluk olmamasi
elde edilen sonuglarin etkinligini arttirmaktadir.

Yiizeyin diizgiin olmasinin saglanamadigi ve beton
panelle duvar arasinda bosluk olusma ihtimali
olmasi durumunda, yapisma etkinligini arttirmak
icin mekanik ankrajlarin kullanilmas: daha etkili
bir sargilama yaratmasi agisindan faydali olacaktir.

Birim basing dayanmimlar1 ile diyagonal c¢ekme
dayamimlari arasinda iyi bir uyum oldugu
kanitlanmustir.  Birim basing dayanimi arttikca
malzemenin gii¢lendirilme etkisi de artmaktadir.

Uygulanan yontemin, ucuz, kolay iiretilebilir ve
pratik uygulanabilir olmast bakimindan elde edilen
sonuglara gore maliyet/fayda orami agisindan
oldukga basarili oldugu gézlenmistir.

Beton panel kalinligimin arttirilmasi durumunda
daha yiiksek oranda hacimsel ¢elik lif kullaniminin

uygun  olup olmadigt  dretim  esnasinda
belirlenebilir.
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Denizli Travertenlerinde P ve S Dalga Hizlar1 ile Bazi
Fiziksel ve Tek Eksenli Sikisma Dayanimi Ozellikleri
Arasindaki Iliskilerin Arastirilmasi

Arastirma Makalesi / Research Article

Sefer Beran CELIK", ibrahim COBANOGLU
Miihendislik Fakiiltesi, Jeoloji Miih. Béliimii, Pamukkale Universitesi, Tiirkiye
(Gelig/Received : 05.01.2018 ; Kabul/Accepted : 08.06.2018)
oz
Denizli havzasi traverten ¢okeliminin yaygin olarak goriildiigii diinyaca iinlii havzalardan birisidir. Traverten, ¢okelim kosullarina
bagl olarak gozeneklilik, tabakalanma, sertlik gibi degisken yapisal 6zellikler sunmaktadir. Bu durum travertenin ¢ok genis bir
aralikta degisen fiziksel ve mekanik 6zelliklere sahip olmasina neden olmaktadir. Bu ¢aligmada Denizli traverteninin temel fiziksel
Ozellikler ve TSD degerlerinin Vp ve Vs degerlerinden tahmini amaglanmistir. Dogal yapi tasi olarak Denizli travertenleri,
Diinya’nin ¢esitli bolgelerine ihrag¢ edilmekte ve gerek yurt i¢i gerekse de yurtdisinda 6nemli bir pazara sahiptir. Bu ¢aligmada,
Kaklik bolgesinden temin edilen traverten bloklarindan alinmig 56 karot drneginin kuru ve doygun birim hacim agirlik (yk, yd)
goriiniir porozite (na) ve tek eksenli sikigma dayanimi (TSD) degerleri belirlenmis ve bu 6zelliklerin boyuna (Vp) ve enine (Vs)
ultrasonik dalga hizlar ile karsilagtirilmasi yapilmustir. Denizli travertenlerinde vk, yd degerlerinin artigtyla 6lgiilen Vp ve Vs dalga
hizi1 degerlerinin de dogrusal olarak artti31, bunun tersine 6rneklerin na degerlerinin artigina bagl olarak da Vp ve Vs dalga hizarinda
dogrusal bir diistim gozlenmistir. TSD degerlerinin yk degerlerinin artistyla iistel olarak artt131, na degerlerinin artistyla ise tistel
olarak azaldig1 goriilmiistiir. Vp ve Vs dalga hizlarinin artigstyla TSD degerlerinin iistel olarak arttigi ortaya konmustur. Denizli

travertenleri i¢in elastik parametrelerden olan kayma modiilii, poisson orani ve elastisite modiilii degerleri Vs ve Vp degerlerinden
ampirik olarak hesaplanmig ve sunulmustur.

Anahtar Kelimeler: Denizli traverteni, boyuna ses dalgasi hizi, enine ses dalgasi hizi, tek eksenli sikisma dayanim, elastik
ozellikler.

Investigation of Relations between P and S Wave
Velocities and Some Physical and Uniaxial
Compressive Strength Properties in Denizli Travertines

ABSTRACT

The Denizli basin is one of the most familiar basins in the world where large travertine deposits are existed. The travertine exhibits
various structural properties such as porosity, layer, hardness depending on sedimentation conditions. This causes the travertine to
have physical and mechanical properties varying in wide range. As a natural building stone, Denizli travertines are exported to
various regions of the world and became an important market both in Turkey and abroad. In this study, the apparent porosity (na),
dry and saturated unit volume weight (yk, yd) and uniaxial compressive strength (UCS) values of 56 cores taken from the travertine
blocks obtained from the Kaklik region were determined and these results were compared to longitudinal compressional wave
velocity (Vp) and shear wave velocity (Vs) values. Measured Vp and Vs wave velocity values were increased with increasing yk, yd
values whereas Vp and Vs wave velocities were linearly decreased with increasing na values. UCS values increased exponentially
with increasing yk values and decreased exponentially with the increase of na values. Vp and Vs wave velocities exponentially
increased with increasing UCS values. Shear modulus, poisson ratio and modulus of elasticity values were also calculated
empirically by measured Vp and Vs values.

Keywords: Denizli travertine, longitudinal wave velocity, shear wave velocity, uniaxial compressive strength, elastic

properties.

1. GIRiS (INTRODUCTION)

Yaygin olarak dogal yapi tas1 sektoriinde kullanilan
traverten, ismini Roma yakinlarinda bulunan ve
yakininda traverten ¢dokellerinin  bulundugu Tivoli
kasabasindan almistir. Chafetz ve Folk [1] travertenleri,

*Sorumlu Yazar (Corresponding Author)
e-posta : scelik@pau.edu.tr

organik veya inorganik islevlerle cokelen tatli su
karbonatlar1 olarak tanmimlamiglardir. Karbondioksit
igeren yeralt1 sularinin yer yiizeyine ¢iktiklari yerlerde
¢Oziinmiis  karbondioksit  basinci atmosferdeki
karbondioksitin kismi basincindan yiiksek oldugu igin
karbondioksitin  atmosfere kagisiyla suyun pH™1
yiikselerek bikarbonat iyonlar1 karbonata ayrigmaktadir.
Bu durumda kalsitin doygunluk indeksi artmakta ve
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traverten ¢Okelimi gerceklesmektedir. Denizli Kaklik
bolgesi Kuvaterner traverten ¢okelleri agilma tektonigine
bagli olarak yer yiizeyine ulasan sular tarafindan
¢okeltilmektedir. Denizli travertenleri sedimantolojik
olarak bantli, tabakali, kristalin kabuk, pisoid gibi tiirlere
ayrilmakta ve c¢ok biiylik oranda kalsit mineralinden
olugsmaktadir [2].

Traverten ¢okelim kosullarina bagli olarak oldukca
karmasik bir i¢yap1 sunmaktadir. Bu karmasiklik, kaynak
pozisyonu, taban topografyasi, traverten ¢okelten sularin
kimyasal bilesimi, organik aktivite ve yiizey sular1 gibi
birgok faktorden kaynaklanmaktadir [3]. Bu durum ayni
zamanda travertenin mekanik ozelliklerini de biiyiik
olciide etkilemektedir. Dogal yap1 tasi olarak traverten
genellikle i¢ ve dig yiizeylerde kaplama tasi olarak
(binalar, oteller, saunalar, restoranlar, camiler vb.)
kullanilmaktadir. Traverten, gézenekli bir yapiya sahip
olmasina ragmen genellikle dayanimli bir yapitasi olarak
degerlendirilebilir, bu nedenle eski zamanlardan beri
diinya capinda yap1 tasi olarak yaygn olarak
kullanilmaktadir.  Denizli  havzasinda  Hierapolis,
Laodikeia ve Tripolis gibi antik kentlerde travertenin
yapi tast olarak kullanildigr bilinmektedir. Dogal yapi
tas1 olarak travertenin fiziksel ve mekanik dzelliklerinin
incelendigi ¢caligmalar mevcuttur [4-9].

Kayalarin boyuna (sikigma, Vp) ve enine (kayma, Vs)
dalga hizlar1 6nemli 6lgiide gozeneklilik ve doygunluk
derecesinden etkilenmektedir [10]. V,, ve V; dalga hizlar
pratik ve eckonomik olarak Olgiilebildigi i¢in kaya
malzemelerin  fiziksel ve mekanik 6zelliklerinin
tahmininde yaygin olarak kullanilmaktadir. Ultrasonik
dalga hizlarin etkileyen en 6nemli faktorler, kaya tiiri,
dokusal ozellikler, yogunluk, tane boyu ve sekli,
gozeneklilik, anizotropi, su igerigi, gerilme ve sicakliktir
[11]. Karakul ve Ulusay [12], on dort farkli kaya tiirii
iizerinde, tek eksenli stkigma dayanimi, ¢gekme dayanimu,
kohezyon, elastisite modiilii ve V, dalga hizlarin farklt
doygunluk kosullarinda incelemislerdir. Incelenen kaya
tirleri i¢in, V, dalga hizinin gozeneklilikle ters,
yogunlukla dogru orantili olarak degistigini ve kaya
malzemesi igindeki farkli fazlarin ifade edilebildigi kati
tane yogunlugu ve gozeneklilik 6zellikleri kullanilarak
V, dalga hizinin tahminine olanak saglayan bir esitlik
onermislerdir. Soete vd. [13], Denizli travertenleri ve
Macaristan’dan  iki  grup  traverten  {izerinde
gerceklestirdikleri calisgmada Vp ve Vs hizlan ile
gozeneklilik ve gozenek tiirii iligkilerini arastirmislardir.
Calismada, tim Orneklerin gozenekliliginin % 2.8 ile
34.7 arasinda, Vp hizlarimin 3.695 ile 6.097 km/s arasinda
ve Vs hizlarinm ise 2.037 ile 3.140 km/s arasinda

degistigini belirtmislerdir. Orneklerin tane
yogunluklarinda  degisiklik  olmadigindan,  kiitle
yogunlugunun hemen hemen gozeneklilige bagl

oldugunu belirtmisler, boyuna ve enine dalga hizlarinin
azalan gozeneklilikle artan bir egilim gosterdiklerini
vurgulamislardir. Vp ve Vs hizlarmi 6lglimiinde
¢alismanin amaci dogrultusunda drneklere 40 MPa ¢evre
basmct  uygulandigi  belirtilmistir.  Vo/Vs  hizlan
oranlarinin 1.8 ile 2 arasinda degistigini belirtmislerdir.

Kuscu ve Demiray [14], Yap1 tasi olarak kullanilan
kayalarin (Diyabaz, andezit, trakiandezit, kirectasi,
dolomitik kiregtasi, kristalize kirectasi ve traverten)
goriiniir porozite, gdzeneklilik orani ve basing dayanimi
degerlerinin  V,  dalga  hizlaniyla  iliskilerini
incelemislerdir. Elde ettikleri verilere gore, magmatik ve
tortul kokenli kayaglarin porozite degerleri diistiikge Vp
dalga hizlarinin dogrusal olarak arttigini belirtmislerdir.
Celik [15], Afyonkarahisar bolgesinden, Ayazini,
Seydiler, Doger ve Seyitgazi tiiflerinin fiziko-mekanik
Ozellikleri ile V, dalga hizlar1 arasindaki iliskileri
incelemistir. Tiif 6rnekleri iizerinde, Vp dalga hizlarinin
porozite ve su emme degerlerine bagli dogrusal olarak
azaldigini, yogunluk, TSD ve egilme dayanim
degerlerinin artisina bagli olarak ise dogrusal olarak
arttigim belirlemistir. Ayrica Karbonat ve benzeri kaya
tirlerinin  TSD  degerlerini tahmin etmek igin
gerceklestirilmis ¢ok sayida ¢alisma mevcuttur [16-36].

Bu calisma kapsaminda, Denizli travertenlerinin kuru ve
doygun birim hacim agirlik, gbriiniir porozite ve tek
eksenli sikigma dayanimi degerlerinin, V, ve Vs
hizlariyla karsilastirilarak bu degerlerin Vp ve Vs hiz
degerlerinden pratik ve ekonomik olarak tahmin
edilebilmesi amaglanmistir. Ayrica Olgiilen ultrasonik
dalga hizlarindan Denizli travertenleri icin hesaplanan
kayma modiilii, poisson orani ve elastisite modiillerinin
literatiire kazandirilmas1 ayrica amaglanmistir.

2. MATERYAL VE METOD (MATERIAL and
METHOD)

Denizli Kaklik bolgesinden temin edilmis blok
orneklerden ASTM [37] standardina gore boy/cap orani
2 olan 54 mm c¢aph 56 adet silindirik karot ornekleri
hazirlanmistir  (Sekil 1). Orneklerin alt ve fist
yilizeylerinin paralel olmasi ig¢in taglama makinasi
kullanilarak agindirma islemi gerceklestirilmistir. Ornek
hazirlama ve tiim deneyler Pamukkale Universitesi
Jeoloji  Miihendisligi  Bolimii  laboratuvarlarinda
gerceklestirilmistir.

Sekil 1. Traverten karot drneklerinin gériiniimii. (A view of
prepared core samples)

3. DENEYSEL CALISMALAR (EXPERIMENTAL
STUDIES)

3.1. Baz Fiziksel ozellikler (Some Physical Properties)
Denizli travertenlerinden hazirlanmig 56 adet &rnegin
kuru, doygun birim hacim agirligi ve goriiniir porozite
degerleri belirlenmistir. Belirlenen degerler Cizelge 1°de
sunulmustur. Kuru birim hacim agirligi degerlerinin
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18.73 ile 24.56 arasinda degistigi ve ortalama degerin
23.15 kN/m® oldugu belirlenmistir. Travertenler bu
degerle Anon [38]’a gdre orta birim hacim agirlikli kaya
grubuna girmektedir. Doygun birim hacim agirhigt
bakimindan ise degerlerin 20.94 ile 24.82 arasinda
degistigi ve ortalama degerin 23.68 kN/m® oldugu
belirlenmistir. Goriinlir gozeneklilik degerlerinin ¢ok
genis bir aralikta degistigi belirlenmistir. Traverten kaya
tiriiniin - gézeneklilik degerinin genis bir aralikta
degismesi Vp, Vs ve TSD degerlerinin de genis aralikta
degismesine neden olmaktadir.

4. DENEY VERILERI ARASINAKI iLISKILERIN
ARASTIRILMASI  (INVESTIGATION  OF
RELATIONS BETWEEN TEST RESULTS)

Bu caligma kapsaminda, Denizli travertenleri {izerinde
elde edilen tiim deneysel veriler Cizelge 2’de verilmistir.
Cizelge 2°de diisiik gozeneklilikten yiiksege dogru her
bir karot tizerinde elde edilen veriler sunulmustur.
Doygun birim hacim agirlig: ile doygun kosulda 6lgiilen
V, hizlar1 arasinda da kuru kosullara benzer olarak pozitif
dogrusal bir iliski belirlenmistir. flgili iliskinin R? degeri
ise 0.77 olarak bulunmustur.

3.2. Vp, Vs ve TSD degerlerinin Belirlenmesi
Cizelge 1. Denizli travertenlerinin belirlenen bazi fiziksel 6zellikleri (Some physical properties of Denizli travertines)
. Simiflama
Parametre Min. Maks. Ort. Std. Sapma (Anon, 1979)
Kuru birim hacim agirlik yx (KN/m®) 18.73 24.56 23.15 1.43 Diisiik-Orta
Doygun birim hacim agirlik yg (KN/m®) 20.94 24.82 23.68 1.02 Diisiik-Orta
Goriiniir gozeneklilik (%) 1.73 25.27 5.37 4.63 Diisiik-Yiiksek
(Determination of Vy, Vs and UCS values) Sekil 4°de yd ile doygun kosuldaki boyuna dalga hiz1 (V-
Gerek arazide, gerekse laboratuvar &lgeginde  d) degerleri arasindaki dagilim verilmistir.
malzemeden gecen boyuna ve enine dalgalarinin hizlar 27 - o Vp-kuru (km/s)
kayaclarin karakterizasyonu amactyla sikca E 7. =1.9242Vs + 17.918 o Vs (km/s)
kullanilmaktadir Bu ¢alisma kapsaminda V, ve Vs dalga % 25 - R*=0.58
hizlarinin 6l¢timiinde, Pundit Lab [39] ultrasonik deney :‘ 0g0® 2@%@ o o0 & &
cihaz1 kullanilmistir (Sekil 2). 23 OO.,.-‘?-"ES
g2 e ° 0 o
= 0
E ° %o o"-'8
B9 1, ° 8 % =22952vpk + 11330
g R2=075
L
\ 17 ey
\ I 2 3 4 5 6

Sekil 2. Bu ¢alismada kullanilan Proceq Pundit Lab+ ultrasonik
dalga hiz 6l¢iim cihazi ve P (54 kHz) ve S (250 kHz)
dalga transdiiserleri. (Proceq Pundit Lab+ ultrasonic
test device and its P (54 kHz) and S (250 kHz) wave
transducers used in this study)

V, dl¢limleri 54 kHz frekansli, Vs 6lgiimleri ise 250 kHz
frekansli transdiiserler kullanilarak gergeklestirilmistir.
Kaya malzemelerin ultrasonik dalga hizlarinin 6l¢timii
cok pratik ve ekonomiktir. Bu sebeple 6zellikle mekanik
parametrelerin tahmininde yaygin olarak
kullamlagelmistir. Ornegin bir ucundan diger ucuna
ultrasonik dalganin gecis zamam 6lgiildiikten sonra, bu
degerin dalga gecis yolu uzunluguna boliinmesiyle ilgili
hiz belirlenmektedir. Her 6rnek {izerinde Vp ve Vs hizlari
belirlenmistir. Elde edilen ultrasonik dalga hizlari
topluca Cizelge 2°de verilmistir.

Ultrasonik dalga hizi (km/s)

Sekil 3. Denizli travertenleri i¢in yk — Vp ve Vs degerleri
arasindaki iligkiler (Correlation between dry unit
weight and Vp, Vs velocities of Denizli travertines)

Denizli travertenlerinin kuru ve doygun birim hacim

agirhigi ile gorliniir gozeneklilik degerleri incelendiginde,

gerek kuru gerekse de doygun birim hacim agirhigt
degerlerinin artisiyla goriiniir gézenekliligin dogrusal
olarak azaldigi gozlenmistir. Kuru ve doygun birim
hacim agirhig ile gorinir gozeneklilik arasinda

belirlenen dogrusal azalimlar i¢in sirasiyla 0.88 ve 0.76,

R? degerleri elde edilmistir (Sekil 5).

Denizli travertenlerinde V, ve Vs dalga hizlari ile goriiniir

gozeneklilik degerlerinin degisimi incelenmistir. Bu

degisiminde diger iligkilerde oldugu gibi dogrusal oldugu
ve Onceki ¢aligmalardaki bulgulara paralel olarak artan
gozeneklilikle azaldigi belirlenmistir. na ile V, ve Vs
arasindaki iliskiler Sekil 6’da verilmistir. V, ve Vs

degerlerinin gozeneklilik ile degisimi 0.74 ve 0.56

determinasyon katsayis1 degerleri ile belirlenmistir.

Fiziksel ozellikler ile V, ve Vs dalga hizlar1 arasindaki
iliskilerin incelenmesinden sonra Denizli travertenlerinin
TSD degerleri ile olan iliskilerin aragtiriimasi
amaglanmistir.
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Cizelge 2. Elde edilen deneysel veriler (The obtained test data)

no g o S v PR TR paisson TS TSD
(KN/m3)  (KN/m3) (%) (km’}s) (km/s) (km’}s) G(GPa) ™  E(GPa) (MPa)
24.46 24.63 1.73 5.777 2914 5.777 21.18 0.33 56.31 63.64
24.43 24.67 241 5.515 2.976 5.669 22.06 0.29 57.11 31.16
24.07 24.31 2.49 5.646 2.742 5.646 18.45 0.35 49.66 33.77
24.31 24.57 2.56 4.891 2.915 5.609 21.07 0.22 51.60 36.35
24.56 24.82 2.63 5.483 2.678 5.632 17.96 0.34 48.25 33.54
23.87 24.13 2.72 4,918 2,777 5.638 18.76 0.27 4751 49.07
24.06 24.34 2.80 5.514 2.780 5.672 18.97 0.33 50.43 27.11
24.41 24.70 2.93 5.633 2.637 5.790 17.31 0.36 47.07 33.74
23.48  23.77 2.97 5.533 3.308 5.696 26.20 0.22 64.03 34.23
2393 2423 3.05 5.502 2.473 5.670 14.92 0.37 40.99 35.82
23.70 24.00 3.05 5.518 2.176 5.641 11.45 0.41 32.24 38.73
2355  23.86 3.12 5.408 2.177 5.293 11.39 0.40 31.96 45.80
23.35  23.66 3.15 5.396 2.294 5571 12.53 0.39 34.83 35.89
23.58 23.90 3.28 5.385 3.047 5.410 22.32 0.26 56.45 46.73
24.10 24.43 3.31 5.298 3.344 5.551 27.47 0.17 64.23 45.17
24.15 24.48 3.39 5.467 3.037 5.494 22.71 0.28 58.00 27.35
23.65 23.99 3.40 5.313 3.081 5.413 22.89 0.25 57.08 43.26
24.12 24.46 3.42 5.520 3.007 5.520 22.23 0.29 57.32 42.04
23.92 24.26 3.44 5.427 3.064 5.427 22.90 0.27 57.99 42.63
23.81 24.15 3.47 5.412 3.088 5.541 23.16 0.26 58.30 45.58
23.93 24.27 3.48 5.438 3.030 5.463 22.41 0.27 57.13 39.42
23.63 23.97 3.49 5.302 2911 5.530 20.42 0.28 52.44 30.85
23.67 24.01 3.51 5.321 3.258 5.421 25.62 0.20 61.49 27.97
23.89 24.24 3.59 4.777 3.225 5.555 25.34 --- 54.80 46.34
23.73 24.08 3.59 5.230 2.327 5.401 13.10 0.38 36.08 20.54
23.79 24.14 3.64 5.407 2.887 5.554 20.22 0.30 52.59 34.36
23.56 23.92 3.66 4.892 2.709 5.418 17.63 0.28 45.10 31.47
23.60 23.96 3.66 5.613 2.179 5.613 11.43 0.41 32.26 24,93
23.61 23.97 3.70 5.223 3.186 5.419 24.43 0.20 58.83 49.62
23.84 24.21 3.71 4.806 3.182 5.412 24.62 0.11 54.64 44.05
23.90 24.26 3.74 5.292 3.175 5.416 24.57 0.22 59.89 66.01
23.83 24.20 3.76 5.284 3.224 5.408 25.25 0.20 60.79 45,59
23.65 24.03 3.88 5.407 3.077 5.510 22.84 0.26 57.57 45.21
23.82 24.20 3.88 5.401 3.275 5.531 26.05 0.21 63.00 57.23
23.78 24.17 3.98 5.451 3.472 5.502 29.22 0.16 67.72 54.16
23.58 23.98 4.03 5411 3.552 5411 30.34 0.12 68.05 36.09
23.71 2411 4.04 5.229 2.948 5.400 21.01 0.27 53.25 41.75
23.83 24.23 4.06 5.469 2.057 5.600 10.28 0.42 29.15 33.37
23.43 23.83 4.14 5.254 2.714 5.303 17.59 0.32 46.38 33.20
23.65 24.05 4.16 5.302 3.147 5.302 23.88 0.23 58.65 54.11
23.77 24.18 4.18 5.445 3.058 5.445 22.68 0.27 57.58 61.62
2358  24.00 4.25 5.308 3.265 5.432 25.64 0.20 61.30 40.51
23.68 24.12 4.40 5.405 3.731 5.534 33.63 --- 70.26 43.91
22.83 23.28 4.54 5.261 2,777 5.397 17.96 0.31 46.94 31.45
21.64 22.12 4.87 5.149 2.548 5.408 14.32 0.34 38.32 22.47
21.09 21.57 4.90 5.165 2.494 5.401 13.38 0.35 36.06 16.29
23.22 23.71 4.99 5.158 2.561 5.386 15.53 0.34 41.52 21.24
22.70 23.35 6.57 5.347 2.202 5.545 11.22 0.40 31.37 33.58
21.62 22.69 1094 5174 2.645 5.356 15.42 0.32 40.80 20.56
20.59 2168 11.08 3.545 1.760 4.248 6.51 0.34 17.39 7.55
20.29 2166 1394  4.207 1.646 4.318 5.61 0.41 15.81 8.46
19.59 2106 1501 3.623 1.734 4,114 6.00 0.35 16.23 6.25
20.14 2171 16.03  3.867 1.373 4.164 3.87 0.43 11.06 9.01
19.95 2159 16.80 3.859 1.684 4.145 5.77 0.38 15.95 7.42
19.18 2094 1786 3.844 1.602 4.022 5.02 0.39 14.01 5.93
18.73 2121 2527 3.816 1.198 4.148 2.74 0.45 7.92 6.52
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Sekil 4. Denizli traverteni igin yq ile Vp-d degerleri arasindaki iligkiler (Relations between unit weight and Vp-d velocity values
of Denizli travertines)
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Sekil 5. Denizli traverteni igin na ile yk ve yd degerlerinin degisimi (Variations of apparent porosities with dry and saturated
unit weights of Denizli travertines)

30 T O Vp-kuru (km/s)
9 25 _ o o O Vs (km/s)
= 90 M 0079V 21900, — 73779vpk + 43,344
= P o RIE056 . R2=0.74
2 . F o?© %
§ I5 + .. 'Oo o " .0
Y C o, o o )
R A o
5 ®@ .
o ® ©
88 R %)
o SPFB 3 Wy
0 e o B B
1 2 3 4 5 6

Ultrasonik dalga hiz1 (km/s)

Sekil 6. Denizli traverteni igin na ile Vp ve Vs degerleri arasindaki iliskiler (Correlations of apparent porosities with Vp and Vs
wave velocities of Denizli travertines)

Bu amag¢ dogrultusunda elde edilen veriler arasinda  iistel olarak arttig1 ve degerler arasinda 0.81 gibi yiiksek
karsilastirmalar yapilmistir. Sekil 7°de TSD degerleri ile  bir R? degeri elde edilmistir.
Yk Ve ya degerlerinin kargilastirilmast verilmistir. Elde  Calismani ana amaci1 dogrultusunda, TSD degerleri ile

edilen 1]1$kllerln ﬁstel fonksiyonlarla ifade edlleb]ld]g] Ultrasonik dalga hiz1 degerleri aras]ndaki ]llskller
goriilmiis ve yk degerlerinin artis1 ile TSD degerlerininde  arastirilmustir.
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Sekil 7. Denizli traverteni igin yk Ve yd ile TSD degerleri arasindaki iligkiler (Correlations of yk and ys with UCS values of
Denizli travertines)
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Sekil 8. Denizli traverteni igin na ile TSD degerleri arasindaki iliskiler (Correlation of na and UCS values of Denizli travertines)
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Sekil 9. Denizli travertenlerinde TSD degerleri ile Vi Ve Vs degerleri arasindaki iliskiler (Relationships between UCS and Vp,
Vs values of Denizli travertines)

Sekil 9’da bu iliskiler topluca sunulmustur. Kuru belirlenmistir. Kuru kosullarda olciilmiis V, ve Vs
kosullarda o6l¢iilmiis V, ve Vs degerleri ve doygun degerleriile TSD degerleri arasinda belirlenen iliskilerde
kosulda o6lgiilmiis Vp-d degerlerinin artis1 ile Denizli  birbiri ile aym olarak 0.71 R? degeri elde edilmistir.
travertenlerinin TSD degerlerinin {istel olarak arttigi
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Cizelge 3. Denizli travertenleri i¢in hesaplanan elastik parametreler. (Elastic parameters calculated for Denizli Travertines)

Parametre Min. Maks. Ort. Std. Sapma
Kayma modiilii, G (GPa) 2.74 33.63 18.53 7.19
Poisson orani, v 0.11 0.45 0.30 0.08
Elastisite Modiilii, E (GPa) 7.92 68.05 46.55 15.82

Orneklerin doygun kosuldayken &lgiilen Vp-d degerleri
ile TSD degerleri arasinda da benzer iligki elde edilmis
ve bu iligkinin R? degeri ise 0.76 olarak belirlenmistir.

V, ve Vs dalga hizlar 6lgiildiigiinde kayalar icin asagida

verilen formiiller kullanilarak elastik malzeme
parametreleri hesaplanabilmektedir [40].
G =vyV2 1)

Burada, G: kayma modiilii (Pa), y: birim hacim agirlik
(kg/m3), Vs: kayma dalga hiz1 (m/s).

_ Vj-2vi

") @
Burada, v: poisson orani, V;: boyuna dalga hizi (m/s), Vs:
kayma dalga hizi (m/s) olarak verilmistir. Yukarida
verilen formiillerle (1 ve 2) kayma modiilii ve poisson
oran1 degerleri hesaplandiktan sonra asagida verilen
formiille (3) elastisite  modiili (E, GPa)
hesaplanabilmektedir.

E=2G(1+9) 3)
V, ve Vs dalga hizlan 6l¢iildiigiinden Denizli traverteni

icin Cizelge 3’de verilen elastik parametreler
hesaplanabilmistir.

Hesaplama sonuglarina gore Denizli travertenlerinin
kayma modiilii, poisson orani ve elastisite modiilii
degerleri ortalama degerler olarak sirasiyla, 18.53 GPa,
0.30 ve 46.55 GPa olarak hesaplanmustir. Bu ¢alisma ile
Denizli travertenleri i¢in hesaplanan bu elastik
parametreler literatiire kazandirilmistir.

Sekil 10°da TSD degerleri ile E degerlerinin dagilimi
verilmistir. Bu iliski, iistel bir fonksiyonla belirtilmis
oldugunda R? degerinin 0.78 oldugu ortaya konmustur.
Bu iligki ile Denizli travertenleri i¢in TSD degerlerinden
E degerlerinin tahmini igin bir yaklasim 6nerilmistir.

80
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10 o°

Ampirik olarak hesaplanan
Elastisite modiilii, E (GPa)
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Tek Eksenli Sikisma Dayanimi, TSD (MPa)
Sekil 10. Denizli travertenlerinin TSD degerleri ile E
degerlerinin dagilimi (Correlation of UCS and E
values of Denizli travertines)

5. SONUCLAR (RESULTS)

Bu deneysel g¢aligma sonucunda Denizli-Kaklik
bolgesinden alinan traverten karot orneklerinin kuru,
doygun birim hacim agirlik, goriiniir porozite ve tek
eksenli sikigma dayanimi degerleri ile Ultrasonik dalga
hizlar1 arasindaki iligkiler arastirilmis ve bu degerler
arasindaki iligkiler yiiksek determinasyon katsayilari ile
iliskiler ortaya konmustur. Ultrasonik dalga hizlarinin
ekonomik ve pratik ol¢iimiiyle, dogrudan oSlgiilen kaya
malzemelerin fiziksel ve mekanik 6zelliklerinin tahmini
giiniimiizde tercih edilmektedir.

Denizli travertenlerinin kuru ve doygun birim hacim
agirliklarinin  artistyla, Olgiilen Vp ve Vs dalga hizi
degerlerinin de dogrusal olarak arttig1 belirlenmistir.
Bunun tersine drneklerin goriiniir porozite degerlerinin
artisina baglh olarak V, ve Vs dalga hizarinda dogrusal bir
diisiim g6zlenmistir. TSD degerleri ise yx degerlerinin
artigtyla iistel olarak artmakta, n, degerlerinin artigtyla ise
listel olarak azalmaktadir. V, ve Vs dalga hizlarimn
artistyla TSD degerlerinin iistel olarak arttigi ortaya
konmustur.  Denizli  travertenleri  i¢in  elastik
parametrelerden olan kayma modiilii, poisson orani ve
elastisite modiilii degerleri Vs ve V, degerlerinden
ampirik olarak hesaplanmis ve sunulmustur. Bu degerler
ortalama olarak 18.53 GPa, 0.30 ve 46.55 GPa olarak
hesaplanmustir.

Travertenin Ozellikle yapi tast olarak kullanilmasi
durumunda kullanim yeri ve seklinin se¢iminde goz
oniinde bulundurulmasi gereken fiziksel ve dayanim
Ozelliklerinin tahmini i¢in pratik yontemlere ihtiyag
duyulabilmektedir. Bu ¢aligsma ile uluslararasinda 6nemli
bir pazara sahip olan Denizli travertenleri ve benzer
6zellikler sunan farkli bolge travertenlerinin bazi fiziksel
ve TSD degerlerinin, Vp ve Vs dalga hizlarindan
ekonomik ve pratik olarak tahmini miimkiin olacaktir.
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oz
Enerji, gliniimiiz diinyasindaki iilkelerin gii¢lerinin ve gelismisliklerinin 6nemli bir gostergesidir. Enerji denildiginde akla gelen en
onemli bilesenlerden bir tanesi elektriktir. Ulkeler, insanlarmn yasam kalitesini diisiirmeden, elektrigin etkin ve verimli
kullanilmasini saglamak igin ¢aligma yapmaktadir. Bu ¢aligmanin amaci, Tiirkiye’deki illerin elektrik tiiketimi bazindaki etkinlik
degerleri ile etkin olmayan illerin etkin olmast igin ger¢eklestirmesi gereken potansiyel iyilestirmeleri belirlemektir. Bu ¢alismada,
veri zarflama analizi ile Tirkiye’deki 81 ilin tiiketici tiirii bazinda 2016 yili elektrik tiiketimleri kargilagtirilmigtir. Yapilan
kargilagtirmada veri zarflama analizi modellerinden olan Charnes, Cooper ve Rhodes tarafindan gelistirilen girdiye yonelik CCR
(Charnes, Cooper, Rhodes) modeli ve Banker, Charnes ve Cooper tarafindan gelistirilen girdiye yonelik BCC (Banker, Charnes,
Cooper) modeli uygulanmigtir. Modellerin ¢6ziimiinde EMS paket programi kullanilarak 81 ile ait etkinlik degerleri 6l¢tilmiistiir.
Boylece etkin olan ve etkin olmayan iller tespit edilmistir. Etkin olmayan illerin etkin olabilmesi igin potansiyel iyilestirmeler
belirlenerek genel degerlendirme yapilmistir. Bu galisma, elektrigin etkin kullanimi konusunda etkin olmayan iller ve bu illere ait

potansiyel iyilestirmelerin belirlenmesi ile elektrigin etkin kullanimina yonelik alinacak olan karar ve aksiyonlarda hangi illere ve
hangi tiiketici tiirline oncelik verilecegi hususunda karar vericilere fayda saglayacaktir.

Anahtar Kelimeler: Veri zarflama analizi, elektrik tiiketimi, etkinlik.

Evaluation of Effectiveness of Electricity Consumption
of Provinces in Turkey with Data Envelopment
Analysis

ABSTRACT

Energy is an important indicator of the strengths and developments of the countries of today's world. One of the most important
components that come to mind when energy is mentioned is electricity. Countries are doing a lot of work to reduce electricity
consumption without lowering people's quality of life in order to ensure productive and effectiveness use of electricity. The aim of
this study is to determine the electricity consumption of provinces in Turkey effectiveness value for the effective use of electricity
and the potential improvements that must be made in order for the non-effective provinces to be effective. In this study, data
envelopment analysis was used to compare the consumption of electricity in the year 2016 with the consumer type of 81 provinces
in Turkey. In the comparison made, CCR (Charnes, Cooper and Rhodes model - developed by Charnes, Cooper and Rhodes) and
BCC (Banker, Charnes and Cooper model - developed by Banker, Charnes and Cooper) models for input were applied.
Effectiveness values of 81 provinces were measured by using EMS package program in the solution of the models. Thus, effective
and non-effective provinces have been identified. For non-effective provinces to be effective, potential improvements have been
determined and general evaluation has been made. This study will provide the following benefits for the decisions and actions to
be taken for the effective use of electricity: which province and consumer type will be given priority.

Keywords: Data envelopment analysis, electricity consumption, effectiveness.

1. GIRiS (INTRODUCTION)

Insan hayatinin  vazgegilmezlerinden olan enerji,
giniimiiz  diinyasindaki {ilkelerin  giiclerinin ve
gelismisliklerinin  6nemli bir gdstergesidir. Enerji

denildiginde akla gelen en 6nemli bilegsenlerden bir tanesi
elektriktir.

*Sorumlu Yazar (Corresponding Author)
e-posta : kocak_ibrahim@hotmail.com

Elektrik, ikincil bir enerji kaynagi oldugu icin temel
enerji kaynaklarindan farklhidir. Elektrik tiretmek igin
enerji kaynaklarmin kullanilmas: gerekmektedir. Bu
enerji kaynaklarina kdmiir, dogalgaz, fuel oil, biokiitle vb
ornek verilebilir. Elektrik, enerjiyi bir yerden digerine
tagimanin etkin ve giivenli bir yolu oldugu i¢in bir enerji
tagiyic1 olarak adlandirilmakta ve pek ¢ok amag igin
kullanilmaktadir. Teknolojinin daha fazla
kullanilmasiyla elektrige olan talep de artmaktadir. Bu
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noktada elektrigin etkin bir sekilde kullanilmasi oldukca
O6nem kazanmaktadir [1].

Hayati rahat, iiretken ve keyifli hale getirmek i¢in
enerjiye ihtiya¢c duyulmaktadir. Ulagim, yemek, saglik,
1sitma, sogutma, imalat, aydinlatma ve eglence vb. icin
her giin elektrik kullanilmaktadir [1].

Elektrigin kullanim etkinligi, elektrigin kaliteden ve
iiretimden taviz vermeden en verimli sekilde kullanilmast
olarak ifade edilebilir [2]. Elektrigi daha az ve daha
akillica kullanmak i¢in bir¢ok faaliyet yapilmaktadir. Bu
faaliyetler ~elektrigin daha etkin kullanilmasin
saglayacak olan enerji tasarrufu ve enerji verimliligi
faaliyetleridir [1].

Ulkeler, elektrigin etkin ve verimli kullamlmasini
saglamak icin insanlarin yasam kalitesini diistirmeden
elektrigin daha az tiiketilmesi yoniinde bircok calisma
yapmaktadir. Tiirkiye’de de bu konuda ¢esitli faaliyetler
gerceklestirilmekte ve gerekli mevzuat diizenlemeleri
yapilmaktadir.

Bu caligmanin amaci, Tiirkiye’deki illerin elektrik
tilketimi bazinda etkinlik degerleri ile etkin olmayan
illerin etkin olmasi igin gerceklestirmesi gereken
potansiyel iyilestirmeleri belirlemektir. Bu ¢aligma,
elektrigin etkin kullanim1 konusunda etkin olmayan iller
ve bu illere ait potansiyel iyilestirmelerin belirlenmesi ile
elektrigin etkin kullanimina yonelik alinacak olan karar
ve aksiyonlarda hangi illere ve bu ildeki hangi tiiketici
tiirline Oncelik verilecegi hususunda karar vericilere
fayda saglayacaktir.

Bu c¢alismada, Tiirkiye’deki 81 ilin tiiketici tiirii bazinda
2016 yili elektrik tiiketimleri karsilagtirilmigtir. Yapilan
karsilastirmada; 1978 senesinde ilk olarak Charnes,
Cooper ve Rhodes tarafindan birbirlerine benzeyen karar
verme  birimlerinin  (KVB)  birbirlerine  gore
etkinliklerinin Olgiilmesi maksadiyla gelistirilen bir
teknik olan veri zarflama analizi kullanilmustir [3].
Farrell (1957)’in  oOnerdigi goreli etkinlik Olglim
yonteminin Charnes, Cooper ve Rhodes tarafindan
gelistirilmesi ile veri zarflama analizi yontemi kisa bir
stirede hem teorik hem de pratik alanda ¢ok hizli bir
gelisim gosterme sanst bulmustur. Yontemin birgok
alanda uygulanabilirligi hi¢ kuskusuz teorik alandaki
basarisindan kaynaklanmaktadir [7]. Bir dogrusal
programlama uygulamasi olan Veri Zarflama Analizi;
askeri, saglik, tekstil, enerji, perakende, egitim ve
bankacilik sektorleri gibi gesitli uygulama alanlarina
sahiptir.

Son yillarda enerjide etkinlik ve verimliligin 6nem
kazanmasiyla birlikte enerji alaninda veri zarflama
analizi uygulamalar1 hiz kazanmstir. Enerji verimliligi,
yalitim, elektrik dagitimi ve elektrik iretimi gibi
konularda veri zarflama analizi uygulamalar: yapilmistir.
Bu kapsamda; Tiirkiye'de Termik Santrallerin Isletme ve
Cevre Performansinin Degerlendirilmesi (S6zen, Alp, ve
Ozdemir, 2010), imalat Sektdriinde Enerji Etkinligi
(Ozgiir, 2011), Elektrik Dagitim Sirketlerinin Etkinlik ve
Verimlilik Analizi, (Diizgtin, 2011), Japonya’daki Fosil
Yakith Gii¢ Santrallerinin Degerlendirilmesi (Sueyoshi

ve Goto, 2011), Kuzey Afrika'da Yenilenebilir Enerjide
2025 Utfkuna Karsti Simdiki Zaman Perspektif
Optimizasyonu  (Boubaker, 2012), Hidroelektrik
Santrallerde Verimlilik Degerlendirmesi (S6zen, Alp ve
Kiling, 2012), Cin’deki Biiyiik Komiirlii Elektrik
Santrallerin  Deregiilasyon, Dikey Ayristirma ve
Performanst (Zhao ve Ma, 2013), Komiirlii Elektrik
Santrallerinde Enerji Verimliligi (Song, Li, Zhang, He ve
Tao, 2014), Iran Elektrik Dagitim Sirketlerinin
Performans Degerlendirmesi (Omrani, Beiragh ve
Kaleibari, 2015), Tiirkiye’deki Riizgar  Enerji
Santrallerinin =~ Goreli  Etkinliklerinin  Olgiilmesi
(Omiirgéniilsen, Emre ve Atici, 2016), Cin Termik
Santralleri I¢in Enerjinin Kisa Dénem Verimliliginin
Kisa Dénem Dinamiklerinin Agiklayan Melez Bir Model
(Li, Song ve Tao, 2016), Ispanya'da Elektrik Dagitiminda
Bir DEA Analizi: Endiistriyel Bir Politika Onerisi
(Vargas, Hernandez ve Caro, 2017), ABD'de Biiyiik
Riizgar Santrallerinin Verimliliginin Degerlendirilmesi:
Iki Asamal1 Veri Zarflama Analizi Uygulamasi (Saglam,
2017), Parametrik ve Parametrik Olmayan Verimlilik
Degerlendirmesi ve Karsilastirilmasi: Tiirkiye Elektrik
Santralleri Ornegi (Sarica, 2017), Cin'de Karmasik
Kampiis ~ Binalar1  I¢in  Elektrik  Tiiketiminin
Karsilastirmali Analizi (Ding, Zhang, Zhang, Lv, Yang
ve Zhu, 2018), Dogru Kistasin Bulunmasi: Elektrik
Sebekelerinin Heterojen Ortamlar Altinda Diizenlenmesi
(Bjorndal, Bjorndal, Cullmann ve Nieswand, 2018),
Elektrik Sektoriinde Ekonomik Biiylimenin Cevresel
Verimlilige Etkisi (Halkos ve Polemis, 2018) gibi
calismalar yapilmustir.

Literatiirde elektrik tiiketim etkinligi ile ilgili ¢galigmalar
da yer almaktadir. Bu alanda; Cin'de Elektrik Kullanimi
Etkinliginin Dinamik Degisimi (Ding ve Li, 2010), Veri
Zarflama Analizine Dayali Toplam Faktér Verimliligi,
Elektrik Tiiketim Etkinligi ve Etki Faktor Analizi (Shu,
Zhong ve Zhang, 2011), Cin Evlerinde Elektrik Tiiketim
Etkinligine Yonelik Bir Sinir Talep Analizi (Broadstock,
Li ve Zhang, 2016) gibi calismalar yapilmigtir. Deliktas
ve Giinal (2017) tarafindan yapilan Alt-Orta, Ust-Orta ve
Yiiksek Gelir Gruplarinda Yer Alan Ulkelerin Enerji
Kullanim Etkinliklerinin Olgiilmesi: Veri Zarflama
Analizi ¢aligmasinda ise gelir gruplarina gore iilkelerin
enerji tilketimi etkinlikleri belirlenmis ve bu ¢alismanin
enerji tiiketimine yonelik gelistirilecek politikalara katki
saglayacagi belirtilmistir.

Bu ¢alismada veri zarflama analizi ile karsilastirmalarin
yapilabilmesi i¢in kullanilacak olan girdi ve ¢ikti
degiskenleri tespit edilerek uygulanmasi gereken veri
zarflama analizi modelleri belirlenmistir. Modellerin
¢oziimiinde EMS paket programi kullanilarak 81 ile ait
etkinlik degerleri ol¢iilmistiir. Boylece etkin olan ve
etkin olmayan iller tespit edilmistir. Etkin olmayan illerin
etkin olabilmesi i¢in ¢6ziim Onerilerinde bulunulmus ve
genel degerlendirme yapilmistir.

Tirkiye’deki illerin 2016 yili igin tiiketici tiirii bazinda
elektrik titketimi ve tiiketici say1s1 ile ilgili girdi ve ¢ikti
degiskenlerine yonelik veriler Enerji Piyasas1 Diizenleme
Kurumu’nun (EPDK)  Elektrik Piyasast 2016 Yili

352



TURKIYE’DEKI ILLERIN ELEKTRIK TUKETIM ETKINLIKLERININ VERI ZARFLAMA AN ... Politeknik Dergisi, 2019; 22 (2) : 351-365

Gelisim Raporu ve bilgi edinme sistemi araciligi ile elde
edilmistir [4,5]. Teknik ve teknik olmayan kayiplar ile
satis  kabul edilmeyen tiiketimler faturaya konu
edilmeyen tiiketimler oldugu icin c¢alismaya dahil
edilmemistir.

2. MATERYAL VE METOD (MATERIAL and
METHOD)

Karar vericiler agisindan birden fazla karar noktasit s6z
konusu oldugunda bu karar noktalarmin etkinliklerini
belirlemek ve alimacak olan karar1 bu etkinlikler
cergevesinde sekillendirmek Onem arzetmektedir. Bu
baglamda karar vericiler ic¢in karar noktalarina ait
etkinlik siralamasi1 6nemlidir. Karar vericiler, digerlerine
gore daha az etkin olan karar noktalarinin etkinliklerinin
arttirtlmasint  saglayacak kararlarin etkinligini nasil
degistirecegini de bilmek isterler [17].

Veri zarflama analizi, benzer girdi ve ¢iktilara sahip karar
noktalarinin etkinliklerini belirlemek i¢in kullanilan ve
dogrusal programlamaya dayali olan bir analiz yontemi
seklinde tanimlanabilir [17].

Veri zarflama analizi 1978 senesinde ilk olarak Charnes,
Cooper ve Rhodes tarafindan birbirlerine benzeyen karar
verme Dbirimlerinin Dbirbirlerine goére etkinliklerinin
Olciilmesi maksadiyla gelistirilen bir tekniktir. Bu
teknigin kullanildig: ilk donemler kar amaci tagimayan
organizasyonlarin etkinliklerinin Olciilmesi
hedeflenmigtir. Daha sonralarda ise kar amaci tasiyan
organizasyonlar  arasinda da  organizasyonlarin
birbirlerine gore etkinliklerinin 6l¢tilmesi maksadiyla
siklikla kullanilmaya baglanmigtir. Birden fazla girdi ve
birden fazla ¢iktinin yer aldigi sistemlerde bir iiretim
fonksiyonu 6ngoriisii olmaksizin kullanilabilmesi veri
zarflama analizinin ile ortaya ¢ikan bir yeniliktir [3].

Veri zarflama analizi; ¢oklu girdiyi ¢oklu c¢iktiya
doniistiiren, esnek ve kapsamli olan es ve benzer
kuruluglarin (karar verme birimlerinin) etkinliklerinin
degerlendirilmesinde kullanilan veriye dayali bir
yontemdir. Veri zarflama analizi ¢ok ¢esitli faaliyetlerde
¢ok cesitli kuruluslar tarafindan kullanilmaktadir. Veri
zarflama analizi diger yaklagimlara nazaran daha az
varsayim gerektirmekle birlikte farkli durumlar igin
yapilabilecek varsayimlara da olanak tanimaktadir [6].

3. VERi ZARFLAMA ANALIiZi MODELLERIi
(DATA ENVELOPMENT ANALYSIS MODELS)

Veri zarflama analizi, ¢iktilarin agirlikli toplamlarinin
girdilerin agirlikli toplamlarma bdliimii temeline dayanr.
Charnes, Cooper ve Rhodes’in 1978 senesinde
gelistirdigi ¢iktilar1 sabit tutarak girdiler bazinda
etkinligin 6l¢iilmesinde kullanilan girdiye yonelik CCR
(Charnes, Cooper ve Rhodes) modeli ve girdileri sabit
tutarak ¢iktilar bazinda etkinligin  Sl¢lilmesinde
kullanilan ¢ikitiya yonelik CCR modeli ile yonelimsiz
olan CRS (Constant Return to Scale- Olgege Gore Sabit
Getiri) modeli Olgcege gore sabit getiri durumlarinda
uygulanmaktadir. Banker, Charnes ve Cooper’in 1984

senesinde gelistirdigi ¢iktilar1 sabit tutarak girdiler
bazinda etkinligin 6l¢iilmesinde kullanilan girdiye
yonelik BCC (Banker, Charnes ve Cooper) modeli ve
girdileri sabit tutarak ¢iktilar bazinda etkinligin
6l¢tilmesinde kullanilan ¢iktiya yonelik BCC modeli ile
yonelimsiz VRS (Variable Return to Scale-Olgege Gore
Degisken Getiri) modeli 6lgege gore degisken getiri
durumlarinda uygulanmaktadir [9].

Veri zarflama analizinin uygulanmasi, karar verme
birimlerinin se¢imi, girdi ve ¢iktilarin se¢imi, veri
zarflama analizi modelinin se¢imi ve uygulanmasi,
etkinliklerin belirlenmesi, etkin olmayan smirlar igin
potansiyel iyilestirmeler ve sonug¢larin degerlendirilmesi
adimlarindan olugmaktadir [18]. Adimlarin
uygulanmasina yonelik iglemler 4. Boliimde yer
almaktadir.

3.1. Charnes, Cooper ve Rhodes (CCR) Modeli
(Charnes, Cooper ve Rhodes Model)

CCR modeli girdiye yonelik ve ciktiya yonelik olarak

kullanilabilen ve Olgege gore sabit getiri s6z konusu

oldugu durumlarda toplam etkinligin hesaplanmasina

yarayan bir veri zarflama analizi modelidir [9].

Karar verme birimlerinin girdi miktarlarinda olabilecek
fazlaliklar1 belirlemede kullanilan denklemler asagida
verilmistir [10].

Amag fonksiyonu:
m

N
Enko, — sZS{ - SZS; 3.1
i=1 r=1

Kisitlar:
n
Si_ = gkXik - ZXUA] 3.2
j=1
n
St = Z YA — Yo 33
j=1
A, ST, 87 =20 3.4
Parametreler:
Enk : En kii¢iikleme
Ur : k. karar verme birimi tarafindan r. ¢iktiya veri-
len agirlik
Vi : k. karar verme birimi tarafindan i. girdiye veri-
len agirlik
Yk : k. karar verme birimi tarafindan tretilen r. ¢ikti
Xik . k. karar verme birimi tarafindan kullanilan i.
Girdi
Yij - j. karar verme birimi tarafindan iretilen r. ¢ikt1
Xij . j. karar verme birimi tarafindan kullanilan i.
Girdi
n : karar verme birimi sayisi

Veri zarflama analizi tekniginde herhangi bir karar verme
biriminin goreli etkin olabilmesi igin asagidaki sartlari
saglamas1 gerekmektedir.
e 0=1
Si-=0veSr+=0
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Burada 6 etkinlik skorunu ifade ederken 4; ise girdiye
yonelik modeller i¢in j. karar verme biriminin aldig
yogunluk degerini gostermekte ve ayni zamanda etkin
olmayan karar verme biriminin etkin olabilmek i¢in ref-
erans almasi1 gereken veya taklit etmesi gereken karar
verme birimini ifade etmektedir. & degeri 107 gibi pozitif
cok kiictik bir deger olarak ifade edilmektedir. Ayrica
dual forma ¢evrilen modelde S;” girdi miktar1 i¢in aylak
degiskeni belirtirken S;* ¢ikt1 miktar1 i¢in aylak degiskeni
belirmektedir. Diger bir deyisle S, fazla miktarda
kullanilan girdileri ifade ederken S, ise eksik olan
ciktilar1 ifade etmektedir [11].

Burada amag girdi miklarini en kiigiikleyerek etkinlikleri
belirlemektir. Denklem 3.2°de karar verme birimlerinin
girdilerinin etkinlik skoru ile ¢arpimindan, karar verme
birimlerinin yogunluklari ile ¢arpilmis girdilerinin topla-
minin ¢ikarilmasi ile girdilerdeki fazlaliklar belirlenmek-
tedir. Amac¢ fonsiyonu ise girdi miktarlart minimize
ederek belirlenecek etkinlik skorunu ifade etmektedir.
Boylece hem etkinlik skorlar1 belirlenmekte hem de gir-
dilerdeki fazlaliklar tespit edilebilmektedir.

3.2. Banker, Charnes ve Cooper (BCC) Modeli
(Banker, Charnes ve Cooper Model)

BCC modelleri ile CCR modelleri arasindaki farklilik
konvekslik kisitindan kaynaklanmaktadir. Bu konvekslik
kisitt CCR modellerinin dual formalarina eklenmektedir.
Asagida verilmis olan konvekslik kisiti, etkinlik sinirinin
yani BCC modellerinin 6lgege gore degisken getiri var-
sayiminin gergeklestirilmesini saglamaktadir [12]. BCC
modeline eklenen konvekslik kisit1 ile etkinlik siniriin
daha kapsayici olmasi saglanmaktadir.

n
j=1

4. TURKIYE’DEKI iLLERIN ELEKTRIiK TUKE-
TIMLERININ VERi ZARFLAMA ANALIiZi
ILE DEGERLENDIRILMESI

(EVALUATION OF EFFECTIVENESS OF
ELECTRICITY CONSUMPTION OF PROVINCES
IN TURKEY WITH DATA ENVELOPMENT
ANALYSIS)

Elektrik tiiketimi giin gectik¢e artmakta ve bunun netice-
sinde elektrigin etkin ve verimli kullanilmasi 6nem ka-
zanmaktadir. Bu kapsamda, yapilan c¢alismada
Tiirkiye’deki illerin elektrik tiiketimlerinin karsilastiril-
masi ile elektrik tiiketimi bazinda etkin ve verimli olan
iller tespit edilmis ve etkin olmayan illerin ise etkin ola-
bilmesi i¢in gergeklestirilecek potansiyel iyilestirmeler
belirlenmistir. Bu ¢alisma Tiirkiye’de bulunan 81 ili kap-
samaktadir.

4.1. Karar Verme Birimlerinin Sec¢ilmesi (Selection of
Decision Making Units)

Karar verme birimleri veri zarflama analizi ile karsilasti-

rilacak olan, ayni girdiler ile ayn1 ¢iktilar1 elde edecek bi-

rimleri ifade etmektedir ve KVB kisaltmas: ile

gosterilmektedir [13]. Karar verme birimlerinin birbirle-
rine benzer yapiya sahip olmasi, ulagilacak sonuglarin
dogrulugunun daha kuvvetli olmas1 agisindan son derece
onemlidir [7]. Bu kapsamda Tiirkiye’deki tiim iller karar
verme birimi olarak belirlenmistir.

4.2. Girdi ve Ciktilarin Secilmesi (Selection of Inputs
and Outputs)

Veri zarflama analizi ile gerceklestirilen etkinlik 6l¢iimii-
niin, anlamli olmas1 ve karar verme birimlerinin duru-
munu en iyi sekilde ortaya koyabilmesi icin segilecek
olan girdilerin ve ¢iktilarin sistemi en iyi sekilde tanim-
layabilecek girdilerden ve ciktilardan meydana gelmesi
gerekmektedir [14].

Cizelge 2. Girdi ve ¢ikt1 degigkenleri (Input and output
variables)

o Aydinlatma
Girdiler : Mesken
(Tiiketici bazinda elektrik tiike- .

. . Sanayi

timleri) ]
Ticarethane

Ciktilar : Tiiketici Sayisi

4.3. Veri Zarflama Analizi Modelinin Secilmesi (Se-
lection of Data Envelopment Analysis Model)

Bu calismada illerin hem teknik, hem toplam ve hem de
6lgek etkinliklerini belirlemek amaciyla CCR ve BCC
modellerinin her ikisi de kullanilmistir. Bu ¢alismada
amag, elektrik tiikketimlerini minimize ederek Kkarar
verme birimlerinin etkinliklerini belirlemek oldugu i¢in
girdiye yonelik modeller kullanilmistir.

Calismada CCR ve BCC modelleri ile elde edilen sonug-
larda bazi farkliliklar vardir. Bunun nedeni BCC modeli-
nin konveks bir yapiya sahip olmasi ve etkinlik sinirinin
karar verme birimlerini CCR modeline gore daha siki sar-
masidir. Bu nedenle CCR modeli ile elde edilen etkinlik
skoru, BCC modeli ile elde edilen etkinlik skorundan
daha kii¢iik veya bu degerlere esit olacaktir [15].

4.4. Uygulama (Application)

Veri zarflama analizinin ¢6zliimiinde kullanilmak iizere
cesitli programlar gelistirilmistir. Bu ¢alismada Holger
Scheel tarafindan gelistirilen Efficiency Measurement
System - EMS v1.3 paket programindan yararlanilmistir
[16].

Tirkiye’deki illerin 2016 y1l1 i¢in elektrik tiiketimi ve tii-
ketici sayisi ile ilgili girdi ve ¢ikt1 degiskenlerine yonelik
veriler, EPDK’nin Elektrik Piyasas: 2016 Yili Gelisim
Raporu ve bilgi edinme sistemi araciligi ile elde edilmis-
tir [4,5]. Modelin uygulanmasinda kullanilacak

olan karar verme birimlerine ait girdi ve ¢ikt1 degisken-
leri ile ilgili verileri Cizelge 3.’de verilmistir.
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Cizelge 3. Girdi ve ¢ikt1 degiskenlerine ait veriler (Data of input and output variables)

GIRDILER TOPLAM CIKTILAR
(Tiiketici bazinda tiiketimler) (MWh) TUKETIM (Adet)
ILLER Aydmlatma Mesken Sanayi Ticarethane (Mwh) Tiiketici Sayist
ADANA 92.968,09 1.622.527,89 2.794.993,28 1.521.749,49 6.032.238,75 1.050.298
ADIYAMAN 24.053,21 245.164,21 505.674,53 268.364,26 1.043.256,21 208.954
AFYONKARAHISAR 52.005,48 359.914,47 470.858,76 608.714,65 1.491.493,36 405.887
AGRI 16.875,67 160.516,80 12.158,93 137.904,58 327.455,98 162.986
AKSARAY 22.742,10 189.860,42 182.929,62 278.697,85 674.229,99 200.886
AMASYA 29.344,27 189.893,95 149.624,77 169.630,99 538.493,98 195.371
ANKARA 252.528,13 3.768.377,18 2.967.998,57 5.156.008,14 | 12.144.912,02 2.876.574
ANTALYA 160.918,94 2.303.248,91 1.055.857,50 3.541.572,67 7.061.598,02 1.563.034
ARDAHAN 8.897,20 46.014,94 2.816,99 57.291,03 115.020,16 52.572
ARTVIN 26.283,95 115.131,25 125.939,68 98.547,20 365.902,08 117.363
AYDIN 72.846,95 866.813,35 519.065,13 893.747,47 2.352.472,90 653.578
BALIKESIR 94.426,72 817.609,75 1.183.967,28 864.255,23 2.960.258,98 905.058
BARTIN 22.298,56 121.084,78 212.581,59 92.793,27 448.758,20 133.420
BATMAN 19.574,74 229.801,62 215.687,90 216.941,90 682.006,16 168.277
BAYBURT 8.268,20 41.030,62 3.060,94 38.770,05 91.129,81 46.570
BILECIK 18.820,07 103.094,49 1.277.820,37 202.480,55 1.602.215,48 127.948
BINGOL 10.284,64 103.487,47 45.745,41 103.054,19 262.571,71 112.405
BITLIS 17.722,16 125.326,25 22.512,22 125.166,72 290.727,35 103.576
BOLU 27.437,97 172.754,36 488.793,60 307.371,67 996.357,60 167.153
BURDUR 22.692,57 156.107,71 542.856,53 156.338,41 877.995,22 167.593
BURSA 109.717,53 1.781.249,42 5.868.638,27 2.015.941,74 9.775.546,96 1.519.338
CANAKKALE 41.956,48 324.829,74 2.697.231,81 429.822,93 3.493.840,96 364.936
CANKIRI 18.995,09 98.004,54 190.750,29 102.354,62 410.104,54 124.149
CORUM 37.959,53 275.436,99 232.127,57 219.042,39 764.566,48 331.243
DENIZLI 70.655,63 630.531,22 1.817.624,62 677.551,85 3.196.363,32 545.315
DIYARBAKIR 38.390,31 635.580,51 421.132,68 714.375,93 1.809.479,43 501.446
DUZCE 28.680,30 212.835,39 546.771,99 216.216,64 1.004.504,32 175.288
EDIRNE 30.779,48 274.899,77 409.348,01 334.628,62 1.049.655,88 236.417
ELAZIG 33.883,32 270.787,23 633.660,72 371.355,14 1.309.686,41 313.851
ERZINCAN 19.073,46 108.756,86 100.857,47 143.493,41 372.181,20 144.790
ERZURUM 41.133,79 349.175,43 178.518,22 380.123,45 948.950,89 343.994
ESKISEHIR 44.635,76 538.485,83 1.338.353,18 637.873,96 2.559.348,73 544.714
GAZIANTEP 71.571,71 1.026.467,29 4.461.694,17 1.107.444,55 6.667.177,72 677.672
GIRESUN 54.290,84 279.644,28 65.140,17 200.673,76 599.749,05 303.835
GUMUSHANE 15.066,75 64.470,80 246.809,75 62.930,44 389.277,74 87.316
HAKKARI 11.712,82 71.456,45 754,53 86.102,91 170.026,71 66.554
HATAY 72.198,68 1.007.483,70 2.249.426,81 822.210,28 4.151.319,47 706.243
IGDIR 11.213,06 82.218,95 5.862,26 82.262,18 181.556,45 71.051
ISPARTA 36.884,29 282.530,22 464.556,27 327.980,52 1.111.951,30 269.770
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Cizelge 3.(devam) Girdi ve ¢ikt1 degiskenlerine ait veriler (Data of input and output variables)

GIRDILER TOPLAM CIKTILAR
(Ttiketici bazinda tiiketimler) (MWh) TUKETIM (Adet)

ILLER Aydimnlatma Mesken Sanayi Ticarethane (MWh) Tiiketici Sayist
ISTANBUL 464.571,25 10.901.218,58 9.769.836,44 15.790.952,65 | 36.926.578,92 7.624.278
iZMIR 206.892,06 4.047.017,48 7.891.361,56 3.716.871,25 15.862.142,35 2.295.461
KAHRAMANMARAS 55.904,43 458.895,74 2.855.639,37 595.990,05 3.966.429,59 426.680
KARABUK 22.540,90 144.165,13 220.527,50 150.112,83 537.346,36 158.458
KARAMAN 15.348,15 123.387,50 217.060,77 166.539,84 522.336,26 143.610
KARS 13.571,08 116.341,08 71.517,97 118.414,59 319.844,72 113.858
KASTAMONU 40.238,34 201.368,32 362.133,27 179.978,86 783.718,79 275.467
KAYSERI 102.809,25 722.649,13 1.863.727,43 710.816,49 3.400.002,30 668.736
KIRIKKALE 20.175,47 158.739,60 167.724,95 159.420,05 506.060,07 150.966
KIRKLARELI 25.392,93 231.364,58 1.378.069,98 314.389,60 1.949.217,09 198.095
KIRSEHIR 20.601,16 122.865,28 205.776,59 138.318,66 487.561,69 141.110
KILIS 7.511,81 74.321,21 39.034,29 116.797,79 237.665,10 61.300
KOCAELI 93.106,48 1.158.311,99 6.346.153,20 1.356.497,37 8.954.069,04 844.701
KONYA 141.307,24 1.138.372,83 1.813.013,87 1.436.013,92 4.528.707,86 1.102.562
KUTAHYA 41.565,08 275.115,65 797.186,96 364.394,98 1.478.262,67 372.831
MALATYA 45.761,83 377.528,60 558.242,81 443.360,70 1.424.893,94 406.430
MANISA 72.043,95 861.327,03 2.116.944,87 940.255,79 3.990.571,64 765.686
MARDIN 25.805,10 292.156,89 288.805,60 366.729,77 973.497,36 249.631
MERSIN 88.831,49 1.382.852,86 1.618.756,13 1.252.508,07 4.342.948,55 953.969
MUGLA 71.124,77 896.202,34 712.927,79 1.487.917,53 3.168.172,43 588.683
MUS 7.834,67 146.225,37 116.936,50 116.771,43 387.767,97 119.669
NEVSEHIR 31.620,06 168.112,09 149.057,42 206.050,71 554.840,28 181.556
NIGDE 31.709,02 165.821,12 502.392,07 182.388,98 882.311,19 194.602
ORDU 68.937,22 445.229,86 352.155,54 320.725,11 1.187.047,73 492.664
OSMANIYE 24.003,45 331.788,95 3.030.571,04 257.241,18 3.643.604,62 220.501
RIZE 42.408,43 229.004,47 226.280,63 208.076,97 705.770,50 232.904
SAKARYA 59.530,68 611.816,05 2.379.468,95 668.126,61 3.718.942,29 467.457
SAMSUN 96.423,07 799.843,97 848.836,69 718.549,99 2.463.653,72 760.104
SIIRT 15.364,14 117.095,11 132.899,30 107.761,59 373.120,14 89.426
SINOP 21.616,89 146.463,59 72.846,38 92.328,13 333.254,99 158.681
SIVAS 49.993,17 318.070,88 396.653,72 305.423,52 1.070.141,29 357.487
SANLIURFA 54.045,14 841.145,27 740.524,49 876.445,51 2.512.160,41 565.157
SIRNAK 11.647,21 96.575,21 103.960,80 143.180,71 355.363,93 101.770
TEKIRDAG 48.491,24 589.859,94 4.693.001,76 800.665,21 6.132.018,15 556.531
TOKAT 39.795,31 307.556,69 222.746,08 230.030,53 800.128,61 316.980
TRABZON 78.993,06 595.471,77 203.622,73 491.777,13 1.369.864,69 527.861
TUNCELI 9.327,72 38.176,30 8.789,68 54.935,36 111.229,06 55.815
USAK 21.687,27 195.075,55 826.647,22 405.486,77 1.448.896,81 210.071
VAN 18.099,80 410.753,93 102.969,09 366.098,47 897.921,29 333.685
YALOVA 16.166,35 180.320,60 148.856,93 192.712,27 538.056,15 194,517
YOZGAT 33.245,59 209.178,31 165.168,59 203.674,12 611.266,61 248.164
ZONGULDAK 72.384,41 405.236,06 493.495,50 308.390,63 1.279.506,60 380.806
GENEL TOPLAM 4.218.215,12 51.085.628 89.922.525 60.834.907,36 | 206.061.275,3 41.056.345
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4.5. Uygulama sonuglar1 (Application results) sonuglar ile etkin olmayan illerin elektrigi etkin
kullanmadig1 diger bir ifadeyle elektrigi Cizelge 4.’te
verilen etkinlik degeri oraninda etkin kullandig
anlagilmaktadir.

EMS paket programi yardimiyla CCR ve BCC
modellerinin ¢dziimi sonucu elde edilen etkinlik
degerleri Cizelge 4.’te verilmistir. Cizelge 4.’te verilen

Cizelge 4. CCR ve BCC modeli ile elde edilen etkinlik degerleri (Efficiency values obtained with CCR and BCC model)

No KVB (iller) CC};ETGIEELIK ETKINLIK BCCDEEIEELIK ETKINLIK
1 ADANA 72,90% Etkin Degil 89,11% Etkin Degil
2 ADIYAMAN 76,44% Etkin Degil 76,45% Etkin Degil
3 AFYONKARAHISAR 89,48% Etkin Degil 93,83% Etkin Degil
4 AGRI 100,00% Etkin 100,00% Etkin
5 AKSARAY 90,25% Etkin Degil 90,49% Etkin Degil
6 AMASYA 82,68% Etkin Degil 83,09% Etkin Degil
7 ANKARA 80,65% Etkin Degil 100,00% Etkin
8 ANTALYA 71,31% Etkin Degil 100,00% Etkin
9 ARDAHAN 100,00% Etkin 100,00% Etkin
10 ARTVIN 80,46% Etkin Degil 81,63% Etkin Degil
11 AYDIN 73,15% Etkin Degil 90,86% Etkin Degil
12 BALIKESIR 94,48% Etkin Degil 100,00% Etkin
13 BARTIN 89,56% Etkin Degil 91,72% Etkin Degil
14 BATMAN 72,08% Etkin Degil 72,26% Etkin Degil
15 BAYBURT 100,00% Etkin 100,00% Etkin
16 BILECIK 89,21% Etkin Degil 89,31% Etkin Degil
17 BINGOL 100,00% Etkin 100,00% Etkin
18 BITLIS 72,50% Etkin Degil 72,51% Etkin Degil
19 BOLU 70,93% Etkin Degil 72,43% Etkin Degil
20 BURDUR 84,70% Etkin Degil 86,72% Etkin Degil
21 BURSA 93,24% Etkin Degil 100,00% Etkin
22 CANAKKALE 89,41% Etkin Degil 90,01% Etkin Degil
23 CANKIRI 92,13% Etkin Degil 93,91% Etkin Degil
24 CORUM 100,00% Etkin 100,00% Etkin
25 DENIZLI 74,40% Etkin Degil 77,60% Etkin Degil
26 DIYARBAKIR 86,91% Etkin Degil 91,73% Etkin Degil
27 DUZCE 66,71% Etkin Degil 67,81% Etkin Degil
28 EDIRNE 73,20% Etkin Degil 73,22% Etkin Degil
29 ELAZIG 93,59% Etkin Degil 93,96% Etkin Degil
30 ERZINCAN 100,00% Etkin 100,00% Etkin
31 ERZURUM 86,29% Etkin Degil 95,79% Etkin Degil
32 ESKISEHIR 97,34% Etkin Degil 100,00% Etkin
33 GAZIANTEP 68,61% Etkin Degil 72,31% Etkin Degil
34 GIRESUN 100,00% Etkin 100,00% Etkin
35 GUMUSHANE 97,99% Etkin Degil 100,00% Etkin
36 HAKKARI 100,00% Etkin 100,00% Etkin
37 HATAY 77,18% Etkin Degil 88,49% Etkin Degil
38 IGDIR 81,42% Etkin Degil 89,52% Etkin Degil
39 ISPARTA 77,36% Etkin Degil 77,50% Etkin Degil
40 ISTANBUL 89,02% Etkin Degil 100,00% Etkin
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Cizelge 4.(devam) CCR ve BCC modeli ile elde edilen etkinlik degerleri (Efficiency values obtained with CCR and BCC model)

No KVB (ller) CCI;E?EELIK ETKINLIK BCCDEEIEELIK ETKINLIK
41 IZMIR 66,46% Etkin Degil 100,00% Etkin

42 KAHRAMANMARAS 75,99% Etkin Degil 77,12% Etkin Degil
43 KARABUK 85,27% Etkin Degil 86,35% Etkin Degil
44 KARAMAN 95,11% Etkin Degil 97,13% Etkin Degil
45 KARS 85,65% Etkin Degil 86,02% Etkin Degil
46 KASTAMONU 100,00% Etkin 100,00% Etkin

47 KAYSERI 73,68% Etkin Degil 82,19% Etkin Degil
48 KIRIKKALE 79,83% Etkin Degil 80,42% Etkin Degil
49 KIRKLARELI 73,23% Etkin Degil 73,72% Etkin Degil
50 KIRSEHIR 86,66% Etkin Degil 87,46% Etkin Degil
51 KiLiS 75,29% Etkin Degil 100,00% Etkin

52 KOCAELI 71,18% Etkin Degil 75,89% Etkin Degil
53 KONYA 79,72% Etkin Degil 97,79% Etkin Degil
54 KUTAHYA 100,00% Etkin 100,00% Etkin

55 MALATYA 89,65% Etkin Degil 92,57% Etkin Degil
56 MANISA 85,18% Etkin Degil 91,29% Etkin Degil
57 MARDIN 79,78% Etkin Degil 81,32% Etkin Degil
58 MERSIN 75,95% Etkin Degil 93,29% Etkin Degil
59 MUGLA 64,49% Etkin Degil 71,59% Etkin Degil
60 MUS 100,00% Etkin 100,00% Etkin

61 NEVSEHIR 80,07% Etkin Degil 84,36% Etkin Degil
62 NiGDE 85,22% Etkin Degil 85,33% Etkin Degil
63 ORDU 95,22% Etkin Degil 100,00% Etkin

64 OSMANIYE 74,85% Etkin Degil 75,66% Etkin Degil
65 RIZE 79,40% Etkin Degil 80,95% Etkin Degil
66 SAKARYA 68,74% Etkin Degil 71,90% Etkin Degil
67 SAMSUN 81,98% Etkin Degil 98,25% Etkin Degil
68 SIIRT 63,50% Etkin Degil 69,37% Etkin Degil
69 SINOP 100,00% Etkin 100,00% Etkin

70 SIVAS 88,34% Etkin Degil 91,73% Etkin Degil
71 SANLIURFA 72,22% Etkin Degil 77,48% Etkin Degil
72 SIRNAK 89,29% Etkin Degil 91,63% Etkin Degil
73 TEKIRDAG 91,14% Etkin Degil 93,78% Etkin Degil
74 TOKAT 91,93% Etkin Degil 92,68% Etkin Degil
75 TRABZON 80,60% Etkin Degil 100,00% Etkin

76 TUNCELI 100,00% Etkin 100,00% Etkin

77 USAK 91,60% Etkin Degil 92,05% Etkin Degil
78 VAN 100,00% Etkin 100,00% Etkin

79 YALOVA 100,00% Etkin 100,00% Etkin

80 YOZGAT 94,08% Etkin Degil 97,36% Etkin Degil
81 ZONGULDAK 76,74% Etkin Degil 80,22% Etkin Degil
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CCR modeli ve BCC modeline iligkin sonuglarin kisa bir
Ozeti Cizelge 5.’de verilmistir. Etkin olmayan illerin
etkin olabilmesi i¢in tiiketmesi gereken elektrik miktar1

yani gerceklestirmesi gereken hedef degerleri Cizelge

6.”da verilmistir. Etkin olmayan illerin etkin olabilmesi
icin girdilerinde gergeklestirilmesi gereken potansiyel
iyilestirmeler Cizelge 7.’de verilmistir.

Cizelge 5. CCR ve BCC modeli istatistiksel verileri (CCR and BCC model statistical data)

CCR BCC
il (KVB) Sayis1 81 81
Etkin Olan I Say1s 15 26
Etkin Olmayan il Sayis1 66 55
En Disiik Etkinlik 63,50% 67,81%
En Yiiksek Etkinik 100,00% 100,00%
Ortalama Etkinlik 84,98% 89,61%

Etkin Olan Iller

Agr1, Ardahan, Bayburt, Bing06l,
Corum, Erzincan
Giresun, Hakkari, Kastamonu,
Kiitahya, Mus, Sinop, Tunceli,
Van, Yalova

Agr1, Ardahan, Bayburt, Bingo6l,
Corum, Erzincan
Giresun, Hakkari, Kastamonu,
Kiitahya, Mus, Sinop, Tunceli,
Van, Yalova

Ankara, Antalya, Balikesir,
Bursa, Eskisehir, Giimiishane,
Istanbul, Izmir, Kilis, Ordu,
Trabzon

En Diisiik Etkilige Sahip 11

Siirt
(BCC’ye gore 80. sirada)

Diizce
(CCR’ye gore 78. sirada)

Cizelge 6. Hedef degerler (Target values)

CCR Modeli BCC Modeli
Iller Hedef Degerler (MWh) Hedef Degerler (MWh)
Aydinlatma Mesken Sanayi Ticarethane | Aydinlatma Mesken Sanayi Ticarethane
ADANA 92.968,09 | 1.622.527,89 | 1.243.999,89 | 1.521.749,49 92.968,09 1.363.448,18 | 2.794.993,28 1.521.749,49
ADIYAMAN 24.053,21 245.164,21 321.384,87 268.364,26 24.053,21 245.164,21 320.531,48 268.364,26
AFYON 52.005,48 359.914,47 | 470.858,76 464.982,51 51.509,72 359.914,47 470.858,76 349.640,94
AKSARAY 22.742,10 189.860,42 182.929,62 226.061,64 22.742,10 189.860,42 182.929,62 212.350,46
AMASYA 29.344,27 189.893,95 149.624,77 169.630,99 28.871,60 189.893,95 149.624,77 169.630,99
ANKARA 252.528,13 | 3.768.377,18 | 2.215.532,66 | 3.977.863,67 BCC modeline gore etkin
ANTALYA 160.918,94 | 2.303.248,91 | 1.055.857,50 | 2.602.626,25 BCC modeline gore etkin
ARTVIN 22.236,01 115.131,25 125.939,68 98.547,20 22.703,59 115.131,25 125.939,58 98.547,20
AYDIN 72.846,95 866.813,35 519.065,13 882.129,36 72.846,95 844.916,32 519.065,13 893.747,47
BALIKESIR 94.426,72 817.609,75 | 1.063.918,07 864.255,23 BCC modeline gore etkin
BARTIN 21.257,31 121.084,78 148.957,91 92.793,27 21.781,82 121.084,78 198.263,64 92.793,27
BATMAN 19.574,74 229.801,62 164.872,89 216.941,90 19.574,74 229.801,62 191.082,18 216.941,90
BILECIK 18.820,07 103.094,49 321.623,30 147.219,37 18.820,07 103.094,49 321.532,10 145.485,08
BITLIS 17.722,16 125.326,25 22.512,22 125.166,72 17.722,16 125.326,25 22.512,22 125.166,72
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Cizelge 6.(devam) Hedef degerler (Target values)

CCR Modeli BCC Modeli
iller Hedef Degerler (MWh) Hedef Degerler (MWh)
Aydinlatma Mesken Sanayi Ticarethane | Aydinlatma Mesken Sanayi Ticarethane
BOLU 27.437,97 172.754,36 | 470.008,74 252.813,96 27.437,97 172.754,36 403.642,92 247.218,79
BURDUR 22.692,57 156.107,71 | 303.392,02 156.338,41 22.692,57 156.107,71 215.656,57 156.338,41
BURSA 109.717,53 | 1.781.249,42 | 1.180.172,96 | 1.729.877,67 BCC modeline gore etkin
CANAKKALE | 41.956,48 324.829,74 | 912.485,03 403.691,04 41.956,48 324.829,74 1.027.349,65 413.196,83
CANKIRI 18.995,09 98.004,54 184.324,24 102.354,62 18.995,09 98.004,54 113.097,22 102.354,62
DENIZLI 70.655,63 630.531,22 | 1.067.999,15 | 677.551,85 70.655,63 630.531,22 1.155.086,53 677.551,85
DIYARBAKIR | 3839031 635.580,51 | 307.392,82 620.969,72 38.390,31 635.580,51 421.132,68 662.926,30
DUZCE 28.680,30 212.835,39 | 399.372,62 216.216,64 28.680,30 212.835,39 339.466,72 216.216,64
EDIRNE 30.779,48 274.899,77 | 409.348,00 322.748,43 30.779,48 274.899,77 409.348,01 321.000,94
ELAZIG 33.883,32 270.787,23 | 553.096,61 332.085,88 33.883,32 270.787,23 615.830,40 336.741,46
ERZURUM 41.133,79 349.175,43 | 178.518,22 373.558,66 41.133,79 349.175,43 178.518,22 284.715,71
ESKISEHIR 44.635,76 538.485,83 | 423.620,20 563.355,44 BCC modeline gore etkin
GAZIANTEP 7157171 | 1.026.467,29 | 1.805.095,74 | 1.045.664,90 7157171 1.026.467,29 | 2.857.724,40 | 1.107.444,55
GUMUSHANE 13.351,40 64.470,80 103.618,12 62.930,44 BCC modeline gore etkin
HATAY 72.198,68 | 1.007.483,70 | 1.058.726,85 | 822.210,28 72.198,68 823.297,60 1.276.415,20 822.210,28
IGDIR 11.213,06 82.218,95 5.862,26 81.939,46 11.213,06 75.038,61 5.862,26 68.530,40
ISPARTA 36.884,29 282.530,22 | 464.556,27 327.980,52 36.884,29 282.530,22 464.556,27 318.670,72
ISTANBUL 464.571,25 |10.582.250,10| 3.425.523,16 | 10.098.863,42 BCC modeline gore etkin
ZMIR 206.892,06 | 4.047.017,48 | 3.550.468,72 | 3.716.871,25 BCC modeline gore etkin
MARAS 55.904,43 458.895,74 | 1.351.837,77 | 562.488,00 55.904,43 458.895,74 1.602.479,20 581.699,63
KARABUK 22.540,90 14416513 | 220.527,50 150.112,83 22.540,90 144.165,13 174.987,94 150.112,83
KARAMAN 15.348,15 123.387,50 | 217.060,77 149.471,86 15.348,15 123.387,50 160.945,40 140.440,67
KARS 13.571,08 116.341,08 71.517,97 118.414,59 13.571,08 116.341,08 66.154,42 118.414,59
KAYSERI 102.809,25 | 722.649,13 | 1.325.828,51 | 710.816,49 94.838,22 722.649,13 1.136.006,15 710.816,49
KIRIKKALE 20.175,47 158.739,60 | 167.724,95 159.420,05 20.175,47 158.739,60 148.543,20 159.420,05
KIRKLARELI 25.392,93 231.364,58 | 623.638,34 279.413,63 25.392,93 231.364,58 592.722,46 275.055,17
KIRSEHIR 20.601,16 122.865,28 | 205.776,59 138.318,66 20.601,16 122.865,28 169.537,10 138.318,66
KILIS 7.511,81 74.321,21 39.034,29 86.025,39 BCC modeline gdre etkin
KOCAELI 93.106,48 | 1.158.311,99 | 2.413.333,53 | 1.242.337,55 93.106,48 1.158.311,99 | 3.837.103,09 | 1.323.210,30
KONYA 141.307,24 | 1.138.372,83 | 1.813.013,87 | 1.377.703,53 113.388,11 1.138.372,83 | 1.402.758,27 | 1.325.934,70
MALATYA 45.761,83 377.528,60 | 558.242,81 443.360,67 45.761,83 377.528,60 558.242,81 402.560,67
MANISA 72.043,95 861.327,03 | 863.772,76 906.279,26 72.043,95 861.327,03 1.871.175,22 940.255,79
MARDIN 25.805,10 292.156,89 | 246.907,78 322.048,05 25.805,10 292.156,89 288.805,60 319.378,64
MERSIN 88.831,49 | 1.382.852,84 | 833.672,30 | 1.252.508,06 88.831,49 1.113.459,43 | 1618.756,11 | 1.252.508,07
MUGLA 71.124,77 896.202,34 | 655.281,79 | 1.122.906,69 71.124,77 896.202,34 712.927,79 1.088.466,30
NEVSEHIR 31.620,06 168.112,09 | 149.057,42 206.050,71 27.872,35 168.112,09 149.057,42 190.569,52
NiGDE 31.709,02 165.821,12 | 344.741,20 182.388,98 31.709,01 165.821,12 346.284,60 179.478,60
ORDU 68.937,22 445.229,86 | 352.155,54 320.725,11 BCC modeline gére etkin
OSMANIYE 24.003,45 324.804,66 | 957.677,32 257.241,18 24.003,45 315.278,80 883.585,48 257.241,18
RIZE 42.408,43 229.004,47 | 226.280,63 208.076,97 37.129,58 229.004,47 226.280,63 208.076,97
SAKARYA 59.530,68 611.816,05 | 1.187.309,31 | 668.126,61 59.530,68 611.816,05 1.373.747,31 668.126,61
SAMSUN 96.423,07 799.843,97 | 712.826,37 718.549,99 89.228,35 731.860,23 848.836,69 718.549,99
SIIRT 15.364,14 117.09511 | 132.899,30 107.761,59 15.364,14 117.095,11 71.769,71 107.761,59
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Cizelge 6.(devam) Hedef degerler (Target values)

CCR Modeli BCC Modeli
Iller Hedef Degerler (MWh) Hedef Degerler (MWh)
Aydinlatma Mesken Sanayi Ticarethane | Aydinlatma Mesken Sanayi Ticarethane
SIVAS 49.993,17 318.070,88 396.653,71 305.423,52 47.755,02 318.070,88 396.653,72 283.184,92
SANLIURFA 54.045,14 841.145,27 512.623,65 832.638,06 54.045,14 833.599,04 740.524,49 876.445,51
SIRNAK 11.647,21 96.575,21 103.960,80 115.999,49 11.647,21 96.575,21 59.777,28 106.838,69
TEKIRDAG 48.491,24 5890.859,94 | 809.168,04 629.904,49 48.491,24 589.859,94 1.681.341,77 703.786,48
TOKAT 39.795,31 203.367,34 | 222.746,08 230.030,53 39.795,31 290.386,85 222.746,08 230.030,53
TRABZON 78.993,06 595.471,77 203.622,73 491.777,13 BCC modeline gore etkin
USAK 21.687,27 195.075,55 346.645,77 241.036,19 21.687,27 195.075,55 324.282,61 237.043,90
YOZGAT 33.245,59 209.178,31 165.168,59 203.674,12 32.080,38 209.178,31 165.168,59 190.120,83
ZONGULDAK 70.790,38 405.236,06 | 470.110,28 308.390,63 68.248,39 405.236,04 433.905,76 308.390,63
Cizelge 7. Potansiyel iyilestirmeler (Potential improvements)
CCR Modeli BCC Modeli
iller Potansiyel lyilestirme Miktar1 (MWh) Potansiyel Iyilestirmeler Miktar1 (MWh)
Aydinlatma | Mesken Sanayi Ticarethane | Aydilatma Mesken Sanayi Ticarethane
ADANA 0 0 1.550.993,39 0 0 259.079,71 0 0
ADIYAMAN 0 0 184.289,66 0 0 0 185.143,05 0
AFYON 0 0 0 143.732,14 495,76 0 0 259.073,71
AKSARAY 0 0 0 52.636,21 0 0 0 66.347,39
AMASYA 0 0 0 0 472,67 0 0 0
ANKARA 0 0 752.465,91 1.178.144,47 BCC modeline gore etkin
ANTALYA 0 0 0 938.946,42 BCC modeline gore etkin
ARTVIN 4.047,94 0 0 0 3.580,36 0 0,1 0
AYDIN 0 0 0 11.618,11 0 21.897,03 0 0
BALIKESIR 0 0 120.049,21 0 BCC modeline gore etkin
BARTIN 1.041,25 0 63.623,68 0 516,74 0 14.317,95 0
BATMAN 0 0 50.815,01 0 0 0 24.605,72 0
BILECIK 0 0 956.197,07 55.261,18 0 0 956.288,27 56.995,47
BITLIS 0 0 0 0 0 0 0 0
BOLU 0 0 18.784,86 54.557,71 0 0 85.150,68 60.152,88
BURDUR 0 0 239.464,51 0 0 0 327.199,96 0
BURSA 0 0 4.688.465,31 286.064,07 BCC modeline gore etkin
CANAKKALE 0 0 1.784.746,78 26.131,89 0 0 1.669.882,16 16.626,1
CANKIRI 0 0 6.426,05 0 0 0 77.653,07 0
DENIZLI 0 0 749.625,47 0 0 0 662.538,09 0
DIYARBAKIR 0 0 113.739,86 93.406,21 0 0 0 51.449,63
DUZCE 0 0 147.399,37 0 0 0 207.305,27 0
EDIRNE 0 0 0,01 11.880,19 0 0 0 13.627,68
ELAZIG 0 0 80.564,11 39.269,26 0 0 17.830,32 34.613,68
ERZURUM 0 0 0 6.564,79 0 0 0 95.407,74
ESKISEHIR 0 0 914.732,98 74.518,52 BCC modeline gore etkin
GAZIANTEP 0 0 2.656.598,43 61.779,65 0 0 1.603.969,77 0
GUMUSHANE 1715,35 0 143.191,63 0 BCC modeline gore etkin
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Cizelge 7.(devam) Potansiyel iyilestirmeler (Potential improvements)

CCR Modeli BCC Modeli
Iller Potansiyel Iyilestirme Miktar1 (MWh) Potansiyel lyilestirmeler Miktar1 (MWh)
Aydinlatma | Mesken Sanayi Ticarethane | Aydimlatma Mesken Sanayi Ticarethane
HATAY 0 0 1.190.699,96 0 0 184.186,1 973.011,61 0
IGDIR 0 0 0 322,72 0 7.180,34 0 13.731,78
ISPARTA 0 0 0 0 0 0 0 9.309,8
ISTANBUL 0 318.968,48 | 6.344.313,28 | 5.692.089,23 BCC modeline gore etkin
[ZMIR 0 0 4.331.892,84 0 BCC modeline gore etkin
MARAS 0 0 1.503.801,6 33.502,05 0 0 1.253.160,17 14.290,42
KARABUK 0 0 0 0 0 0 45.539,56 0
KARAMAN 0 0 0 17.067,98 0 0 56.115,37 26.099,17
KARS 0 0 0 0 0 0 5.363,55 0
KAYSERI 0 0 537.898,92 0 7.971,03 0 727.721,28 0
KIRIKKALE 0 0 0 0 0 0 19.181,75 0
KIRKLARELI 0 0 754.431,64 34.975,97 0 0 785.347,52 39.334,43
KIRSEHIR 0 0 0 0 0 0 36.239,49 0
KiLiS 0 0 0 30.772,4 BCC modeline gore etkin
KOCAELI 0 0 3.932.819,67 114.159,82 0 0 2.509.050,11 33.287,07
KONYA 0 0 0 58.310,39 27.919,13 0 410.255,6 110.079,22
MALATYA 0 0 0 0,03 0 0 0 40.800,03
MANISA 0 0 1.253.172,11 33.976,53 0 0 245.769,65 0
MARDIN 0 0 41.897,82 44.681,72 0 0 0 47.351,13
MERSIN 0 0,02 785.083,83 0,01 0 269.393,43 0,02 0
MUGLA 0 0 57.646 365.010,84 0 0 0 399.451,23
NEVSEHIR 0 0 0 0 3.747,71 0 0 15.481,19
NiGDE 0 0 157.650,87 0 0,01 0 156.107,47 2.910,38
ORDU 0 0 0 0 BCC modeline gore etkin
OSMANIYE 0 6.984,29 | 2.072.893,72 0 0 16.510,15 2.146.985,56 0
RIZE 0 0 0 0 5.278,85 0 0 0
SAKARYA 0 0 1.192.159,64 0 0 0 1.005.721,64 0
SAMSUN 0 0 136.010,32 0 7.194,72 67.983,74 0 0
SIRT 0 0 0 0 0 0 61.129,59 0
SIVAS 0 0 0,01 0 2.238,15 0 0 22.238,6
SANLIURFA 0 0 227.900,84 43.807,45 0 7.546,23 0 0
SIRNAK 0 0 0 27.181,22 0 0 44.183,52 36.342,02
TEKIRDAG 0 0 3.883.833,72 170.760,72 0 0 3.011.659,99 96.878,73
TOKAT 0 14.189,35 0 0 0 17.169,84 0 0
TRABZON 0 0 0 0 BCC modeline gore etkin
USAK 0 0 480.001,45 164.450,58 0 0 502.364,61 168.442,87
YOZGAT 0 0 0 0 1.165,21 0 0 13.553,29
ZONGULDAK 1.594,03 0 23.385,22 0 4.136,02 0,02 59.589,74 0

CCR  modeline ait potansiyel iyilestirmelerin  olabilmesi i¢in sanayideki elektrik tiiketimi 184289,66
degerlendirilmesini bir 6rnek ile agiklayacak olursak; MWh, Afyonkarahisar’in etkin olabilmesi igin ise
Adana’nin etkin olabilmesi i¢in sanayideki elektrik
tiketimi  1550993,39 MWh, Adiyaman’nin etkin
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ticarethanedeki elektrik tiiketimi

azaltilmalidir.

143732,14 MWh

Aynt ornek ile BCC modeline ait potansiyel
iyilestirmeler degerlendirildiginde ise Adana’nin etkin
olabilmesi i¢in meskendeki elektrik tiiketimi 259079,71
MWh, Adiyaman’nin etkin olabilmesi i¢in sanayideki
elektrik tiiketimi 185143,05 MWh, Afyonkarahisar’in
etkin olabilmesi i¢in ise ticarethanedeki elektrik tiiketimi
259073,71 MWh ve aydinlatmadaki elektrik tiiketimi
495,76 MWh azaltilmalidir.

5. SONUCLAR VE TARTISMA (RESULTS AND
DISCUSSION)

Etkinlik 6l¢me tekniklerinden olan veri zarflama analizi
kullanilarak yapilan bu caligmada elektrik tiiketimi
konusunda il bazinda etkinlik degerleri belirlenmis ve
iyilestirme konusunda tespitlerde  bulunulmustur.
Yapilan bu tespitlerin dikkate alinmasi enerji verimliligi
konusunda daha etkin bir yontem izlenmesine olanak
saglayacaktir.

CCR ve BBC modellerinin her ikisinin de kullanilmasi
ile bu iki model arasindaki farkliliklar goriilmiigtiir. CCR
modelinde etkin ¢ikan iller BCC modelinde de etkin
¢ikmistir. CCR modelinde 15 il etkin ¢ikarken BCC
modelinde 26 il etkin ¢ikmistir. Bu da BCC modelinin
daha iyimser bir model oldugunu ortaya koymaktadir.

Sekil 1.’de goriildiigi tizere 6zellikle CCR modelinin
¢Ozlimiine gore Giineydogu Anadolu ve Karadeniz gibi
sanayinin az oldugu boélgelerdeki etkin il sayisinin diger

Marmara ve I¢ Anadolu Bolgesi gibi sanayisi ¢cok olan
bdlgelerde de etkin il sayisinin arttig1 goriilmektedir.

Yapilan calisma neticesinde agirlikli olarak sanayi
bazinda elektrik tiiketimleri az olan illerin etkin ¢iktiklar
goriilmektedir. Bu da sanayinin elektrik tiiketimindeki
paymin dnemli oldugunu gostermektedir. Genel olarak
kiictik sanayilere kiiciik sehirlerin sahip oldugu diistincesi
ile hareket edilirse etkin ¢ikan illerin ¢ogunlugunu kiigiik
sehirlerin olusturdugu goriilmektedir.

CCR modeli dikkate alindiginda elektrik tiiketim
etkiligini artirma faaliyetlerine en az etkin olan Siirt ve
Mugla gibi illerden baglanabilir. Ayrica yine CCR modeli
dikkate alindiginda potansiyel iyilestirme degeri en
yiiksek olan Istanbul, Bursa ve Izmir gibi illerde soz
konusu iyilestirmeyi  ger¢eklestirmek,  elektrik
tiikketiminin miktarsal olarak daha ¢ok azaltilmasina kisa
vadede Onemli katki saglayacak ve ekonomik katkisi
daha biiyiik olacaktir.

BCC modeli dikkate alindiginda ise elektrik tiiketim
etkiligini artirma faaliyetlerine en az etkin olan Diizce ve
Siirt gibi illerden baslanabilir. Ayrica yine BCC modeli
dikkate alindiginda potansiyel iyilestirme degeri en
yiiksek olan Tekirdag, Kocaeli ve Osmaniye gibi illerde
s6z konusu iyilestirmeyi gergeklestirmek, elektrik
tiikketiminin miktarsal olarak daha ¢ok azaltilmasina kisa
vadede onemli katki saglayacak ve ekonomik katkisi
daha biiyiik olacaktir.

Aydinlatma konusunda potansiyel iyilestirmeye sahip
olan illerde sokak lambalarinin ¢aligma saatlerinin revize

. , ilmesi, 1 1 h fl lanlarl
bolgelere gore oldukea fazla oldugu dikkat ¢ekmektedir. edilmesi, ambalarin  daha tasarruflu  olanlarla
9
B
¥
s
% =]
“ 5
=
=
E 3
2
: N N
’ Dog GuU dog
Akdeniz . | Marmara | Karadeniz | ic Anadolu oBu unEyEoed
Balees | EEEBOlEEST| o I — Anadolu | Anadolu
£ £ £ £ Bilgesi Biilgesi
BCCR a 1 1 0 B 0
WBCC 1 2 4 B 2 B 1

CCR: Charnes, Cooper, Rhodes Modeli; BCC: Banker, Charnes, Cooper Modeli
Sekil 1. Bolgelere gore etkin il sayis1 (Effective province count according to the region)

Daha iyimser sonuglar sunan BCC modeli ¢6ziimiinde ise
yine sanayisi az olan Giineydogu ve Karadeniz
Bolgesi’nin etkin il sayisinin fazla olmasi ile birlikte Ege,

degistirilmesi, yansitma yontemi ile daha az lamba
kullanilmast  ve akilli aydinlatma  sistemlerinin
kullanilmas1 gibi yontemlerle iyilestirmeler konusunda
ciddi ve sonug verici adimlar atilabilir.
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Mesken, ticarethane ve sanayide tespit edilen potansiyel
iyilestirmeler i¢in ise gereksiz lamba, makine ve cihaz
kullaniminin  azaltilmasi, yiliksek enerji verimliligi
siifina sahip lamba, makine ve cihaz kullaniminin
artirilmasi, dogal aydinlatmadan maksimum seviyede
yararlanilmaya  c¢alisilmasi, akilli  teknolojilerin
kullanilmas1 ve elektrigin daha az tiiketilmesi ile enerji
verimliligi konularinda insanlarin bilin¢lendirilmesi gibi
cesitli caligmalar hayata gecirilerek s6z konusu
iyilestirmeler gergeklestirilebilir.

6. SONUC (CONCLUSION)

Tirkiye’de mevcut bulunan 81 ili kapsayan ve s6z
konusu illerin tiiketici bazindaki (aydinlatma, mesken,
sanayi ve ticarethane) 2016 yili elektrik tiiketim
miktarlart ile tiiketici sayilarii kullanarak yapilan bu
caligmada illerin goreli (birbirlerine gore) etkinlikleri
belirlenmistir.

Calismada c¢iktt degiskenlerini (tliketici sayist) sabit
tutarak girdi degiskenlerinde (aydinlatma, mesken,
sanayi ve ticarethane) meydana gelecek degisiklikler
tespit edilmistir. Diger bir ifadeyle girdilerini minimize
ederek etkin olan ve etkin olmayan iller belirlenmis ve
girdilerde azaltilmas1 gereken miktarlar tespit edilmistir.
Veri zarflama analizi modellerinden olan girdiye yonelik
CCR modeli ve girdiye yonelik BCC modeli kullanilarak
EMS programi araciligiyla etkinlikler belirlenmistir. Her
iki veri zarflama analizi modeli kullanilarak modellerin
sonuglardaki etkisi gorilmiistiir.

CCR modeli ile yapilan analiz sonuglarina gore
Tiirkiye’deki 81 ilden 15 tanesi etkin ¢gikarken 66 tanesi
etkin ¢itkmamustir. En diisiik etkinlik degerine sahip il
63,50 % etkinlik degeri ile Siirt ili olmustur. Ortalama
etkinlik degeri ise 84,98 %’dir.

BCC modeli ile yapilan analiz sonuglarina gore
Tiirkiye’deki 81 ilden 26 tanesi etkin ¢ikarken 55 tanesi
etkin ¢itkmamustir. En diigiik etkinlik degerine sahip il
67,81 % etkinlik degeri ile Diizce ili olmustur. Ortalama
etkinlik degeri ise 89,61 %’dir.

CCR ve BCC modellerine iligkin etkin ve etkin olmayan
iller Tablo 4’te, istatistiki veriler Tablo 5°te, hedef
degerler Tablo 6’da ve potansiyel iyilestirmeler ise Tablo
7’de ayrintili olarak yer almaktadir.

Elde edilen sonuglardan da anlasilacagi iizere BCC
modeli CCR modeline gore daha iyimser bir tablo
cizmektedir. Bu iyimser tablonun sebebi Denklem
3.5’teki konvekslik kisitidir. BCC modeline eklenen
konvekslik kisit1 ile etkinlik sinir1 daha kapsayict hale
gelmis ve daha fazla il etkinlik sinirina dahil olmustur.
CCR modelinde etkin ¢ikan tiim iller BCC modelinde de
etkin ¢ikmustir. Literatiir incelendiginde de bu durumun
beklenen bir sonug oldugu goriilmektedir.

Bu ¢alisma, elektrigin etkin kullanimi1 konusunda etkin
olmayan iller ve bu illere ait potansiyel iyilestirmelerin
belirlenmesi ile elektrigin etkin kullanimina ydnelik
alinacak olan karar ve aksiyonlarda hangi illere ve bu
ildeki hangi tiiketici tiiriine dncelik verilecegi hususunda

karar vericilere fayda saglayacaktir. Boylece elektrik
tiketim  etkinliginin  artirllmasi  ve  potansiyel
iyilestirmelerin gerceklestirilmesi konusunda daha dogru
ve etkili adimlar atilabilecektir. Bu yoniiyle bu ¢alisma,
elektrik tiiketim etkinliginin artirilmasi faaliyetlerine
6nemli bir girdi teskil etmektedir.

Enerji talebinin hizl bir sekilde artmasi ile birlikte enerji
verimliligi giderek 6nem kazanmaktadir. Tiirkiye’deki
iller iizerinde yapilan bu c¢alisma; enerji verimliligi
konusunda belirlenecek politika ve stratejiler agisindan
6nemli bir yol gosterici olacaktir.

Yapilan bu calismanin
bulunulabilir:

sonucunda su Onerilerde

e (llerin elektrik tiiketimleri ile tiiketici sayilarinin
yillar igerisindeki degisimleri Malmquist Toplam
Faktor Verimlilik Endeksi ile analiz edilebilir.

e Yillar igerisindeki etkinlik degerleri ve etkinlik
degisimleri elde edilebilir.

e Cok Olgiitlii Karar Verme Teknikleri ile illerin
gelecege yonelik elektrik tiiketimleri, tiiketici sayilari
ve etkinliklerine iligkin tahminler yapilabilir.

e Olast etkinsizlikler i¢in proaktif bir yaklagim
benimsenerek eylem planlari hazirlanabilir.
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oz
Bu caligmada, benzilamin ince filmleri ile kovalent bir sekilde modifiye edilmis yiizeyler iizerinde sitrat-kapli altin
nanopartikiillerin tiretimi amaglanmistir. Bu amagla ilk olarak, p-tipi Si (100) elektrotlar aril diazonyum tuzlarinin elektrokimyasal
indirgenmesi (+Nz-benzilamin) ile benzilamin tabakalari ile modifiye edilmistir. Daha sonra, modifiye edilmis elektrotlar altin
nanopartikiil igeren bir ¢ozelti i¢ine daldirilmustir. Son olarak, Au nanopartikiiller elektrostatik olarak pozitif yiiklii benzilamin
tabakalari ile birlestirilmistir. Benzilamin filmlerin 6zellikleri voltametrik yontemler kullanilarak incelenmistir. Modifiye edilmis
p-tipi Si (100) yiizeylerinin bariyer dzellikleri redoks problarin varliginda (Fe(CN)e> ve Ru(NH3)s®") doniisiimlii voltametri

kullanilarak ¢alisilmistir. Ayrica elde edilen sonug filmlerin karakterizasyonu ve morfolojik analizi taramali elektron mikroskopu
(SEM) ile arastirilmugtir.

Anahtar Kelimeler: Benzilamin, sitrat-kaph altin nanopartikiil, kovalent modifikasyon.

Synthesis and Characterization of Citrate-Capped Gold
Nanoparticles on Covalently Modified Silicon Surfaces
by Benzylamine Thin Films

ABSTRACT

In this study, we aimed to assembly of citrate-capped gold nanoparticles on benzylamine thin films that covalently modified
surfaces. For this purpose, firstly, p-type Si (100) electrodes were modified with benzylamine layers by electrochemical reduction
of aryl diazonium salts (+N2-benzylamine). Then, the modified electrodes were submerged in a solution containing Au
nanoparticles. Finally, Au nanoparticles were electrostatically assembled on positively charged benzylamine layers. The properties
of the benzylamine films were investigated using voltammetric methods. The barrier properties of modified p-type Si (100) surfaces
were studied by cyclic voltammetry in the presence of redox probes (Fe(CN)e* and Ru(NH3)s%*). Also the final films generated for
characterization and morphological analysis were examined by scanning electron microscopy (SEM).

Keywords: Benzylamine, citrate-capped gold nanoparticles, covalent modification.

ortak bir noktada birlestirilmesi, yeni materyalleri

1. GIRIS (INTRODUCTION) iiretmek i¢in siiphesiz biiylik bir katki saglayacaktir.

Organik filmlerle kimyasal yada elektrokimyasal olarak
modifiye edilmis yiizeyler, elektronik ve fotonik
aygitlarda molekiiller komponent olarak potansiyel
uygulama alani bulmalar1 nedeniyle yakin zamanlarda
olduk¢a cazip materyaller olmuslardir. Diger yandan
metal nanopartikiiller; essiz elektriksel, optiksel ve
manyetiksel Ozelliklerinden dolay1; elektrik, optik ve
manyetik malzeme uygulamalarinda ilgi odagi haline
gelmislerdir [1,2]. Bdylesine genis uygulama alanlarina
sahip ve ilging 6zellikler sergileyen bu iki 6nemli yapinin

*Sorumlu Yazar (Corresponding Author)
e-posta : aliyesildag@yahoo.com

Son zamanlarda sensér uygulama amagli ¢aligmalarda
metal nanopartikiillerin kullanimini igeren c¢aligmalar
hizla artmaktadir. Ozellikle altin nanopartikiiller ile
modifiye edilmis kat1 elektrot ylizeyleri elektroanaliz igin
kullanildiklarinda ~ normal  modifiye  edilmeyen
elektrotlara gore Onemli avantajlar saglamaktadirlar.
Bunlar genis yiizey alani, etkin olarak kiitle taginimi ve
kolay kontrol edilebilir olmalarindan kaynaklanmaktadir
[1]. Dahasi altin nanopartikiil sonlu filmlerin,
biyomateryallere karst olduk¢a uyumlu olmalari ve
biyolojik molekiil ile elektrot yiizeyi arasinda dogrudan
elektron transferine izin vermeleri nedeniyle, biyosensor
uygulamalari i¢in ¢ok 6nemli olmuslardir.
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Kat1 elektrot yiizeylerde direkt altin nanopartikiil
sentezinde ortaya ¢ikan en dnemli engellerden biri, kati
yiizeylerin oldukc¢a hidrofobik olmasi ve bu yiizeyin
kimyasal olarak kararli olmasidir. Kati elektrot
yiizeylerinin bu hidrofobik 6zelliklerinden dolay1 altin
nanopartikiillerin ¢ogu kat1 yiizeyine tutunamayabilirler.

Bundan dolay1, kati yiizeylere altin nanopartikiil
modifikasyonunu  gergeklestirmek igin  yiizeylerin
fonksiyonellestirilmesi igleminin herhangi bir uygulama
yapilmadan once yapilmasi gerekir. Bu
fonksiyonellestirme islemi kat1 yiizeylere organik
molekiiller modifiye edilerek gerceklestirilebilir. Yapilan
bu modifikasyon sonrasinda yiizey filmlerinin karboksil
(-COOH), amin (-NHy), hidroksil (-OH) veya karbonil (-
C=0) gibi fonksiyonel gruplar icermesi, altin
nanopartikiillerin kat1 elektrot yiizeyine modifikasyonu
strasinda 6nemli bir rol oynamaktadir [2].

Organik molekiiller ile kat1 yilizeylerin modifikasyonu
i¢in litaretiirde birgok yontem gelistirilmis olup en gok
bilinen ve calisilan iki yontem vardir. ilk yontem, su-
hava ara yiizeyine serilmis hidrofilik bag gruba sahip
molekiillerin kat1 substratlara aktarilmasin1 igeren
Langmuir-Blodgett (LB) yontemidir. Diger yontem ise,
genellikle altin substratin organik tiyol ¢dzeltisine
daldirilmasiyla kendiliginden biriken molekiiler tek
tabakalarin  (SAM) sentezlenmesine dayanan kendi
kendine birikme metodudur.

Bu metodlar molekiiler tek tabaka filminin kalinliginin
kontrol edilebilmesi ve kolayca hazirlanabilme gibi bazi
avantajlara sahiptirler [3-7]. Bununla birlikte, her iki
yontem i¢in molekiil ile substrat arasindaki elektron
transfer enerji bariyerinin olduk¢a yiiksek olmasi, bu
filmlerin elektron transfer O6zelliklerini negatif yonde
etkilemektedir. SAM’ de Au-S baginin enerjisi ortalama
20-40 kcal/mol arasinda degisirken; LB filmlerde
molekiil ile substrat arasindaki etkilesimin Au/tiyol
bagindan ¢ok daha zay1f bir elektrostatik etkilesme (<10
kcal/mol) oldugu bilinmektedir [8-10]. Bunun yanisira
LB film tekniginde filmlerin biiyiik dlcekte substrata
transferi imalat siiresinde bir problemdir. Filmlerin
diizenlenmesi ¢6zelti ortaminda olmasma ragmen,
filmler biiyiik bir substrata transfer edildiginde, filmlerin
goriniir bir sekilde kusurlar igerdigi ve ortalama transfer
oraninin ise sadece % 17 oldugu gozlenmistir. Boyle
diisiik verimli bir metod ticari uygulamalar i¢in kabul
edilemez [11]. LB filmlerine benzer olarak SAM yapilar1
da biiyiik olgek substrat uygulamalarinda ¢ok disiik
verimli olup bu verim % 20’ nin altindadir. Dahas1 SAM
filmlerinin oksidasyondan dolay1 zamanla yapilarinin
degistigi tesbit edilmistir. Biitiin bu dezavantajlar SAM
filmlerini de LB filmlerinde oldugu gibi ticari
uygulamalar i¢in kullanigsiz yapmaktadir [12,13].

Bu sorunlar bagka bir alternatif modifikasyon metodu
gerektirmigtir. Boyle bir modifikasyon metodu, elektrot
yiizeyi ile tek tabakayr olusturan molekiiller arasinda,
sicaklik degisimlerine karsi kararli, genis potansiyel
penceresine sahip olan (-2,0 V’ dan 1,8 V’ a kadar) ve
uzun siire degismeyen bir kovalent bag olusumunu

saglayacak nitelikte olmalidir. Béylesine bir bag kuvvetli
(yaklagik 80-100 kcal/mol) ve kovalent karaktere sahip
olmalidir. Aril diazonyum tuzlarmin elektrokimyasal
rediiksiyonu ile yiizeylerin modifikasyonu yontemi,
kovalent karakterde bir bagin olusumuna izin veren en iyi
yontemdir [14].

Cizelgel. 4-Aminobenzilamin’in 4-
(Aminometil)benzendiazonyum tetrafloroborat tuzuna
dostiiriilmesi (a), 4-(Aminometil)benzendiazonyum

tetrafloroborat tuzunun Si (100) yiizeylerine modifikasyonu (b)
ve Benzilamin modifiye Si (100) yiizeyleri lizerinde Sitrat kapl1
Altm nanopartikkiillerin etkilesmesinin sematik gdsterimi (c).
Conversion of 4-Amino Benzylamine to 4- (Aminomethyl)
benzenediazonium tetrafluoroborate salt (a), Modification of 4-
(Aminomethyl) benzenediazonium tetrafluoroborate salt to Si
(100) surfaces (b), and schematic representation of the
interaction of Citrate coated Gold nanoparticles on the
surfaces of benzylamine-modified Si (100) (c).
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Belirtilen bu bilgilere dayanarak, bu ¢aligma kapsaminda,
s6z konusu metodu kullanarak yiizeylerde kararli filmler
olusturmak  ig¢in,  Oncelikle  4-aminobenzilamin
molekiiliiniin diazonyum tuzlari sentezlendi (Cizelge
1.a). Diazonyum modifikasyon metodu ile sentezlenen 4-
(Aminometil)benzendiazonyum tetrafloroborat tuzu, p-
tipi Si (100) yiizeylere doniisiimsiiz baglanmasi saglandi
(Cizelge 1.b). Daha sonra bu modifiye yiizeyler {izerinde
sitrat-kapli altin nanopartikiillerinin immobilizasyonu
(Cizelge 1.c) ve karakterizasyonu gergeklestirildi.

%,
@)

2. MATERYAL VE METOD (MATERIAL and

METHOD)
Materyaller (Materials)
4-aminobenzilamin,

hidrofloroborikasit (HBFJ),

butilnitrit (BuNOy), sodyumsitratdihidrat
(Na3Cs07.2H,0), altin(11T) klorit trihidrat
(HAuCl4.3H20), tetrabutilamonyumtetrafloroborat

(TBABF,), asetonitril (CH3CN), etanol, Si (100) sigma-
aldrich den alinmustir. Biitlin kimyasallar ilave bir
saflagtirma iglemi yapilmadan kullanilmistir.

Cihazlar (Instruments)
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Elektrokimyasal deneyler icin Epsilon potansiyostat
cihazi kullamilmistir. Uv Olgtimleri igin Perkin-Elmer
Lamda 35 model spektrofotometre kullanilmistir. Yiizey
morfolojik karakterizasyonlar i¢in, Zeiss EV040 marka
taramali  elektron  mikroskopu  (SEM) cihazi
kullanilmusgtir.

4-(Aminometil)benzendiazonyum tetrafloroborat
tuzlarimin sentezi ve modifikasyonu (Synthesis and
modification of the 4-(Aminomethyl)benzenediazonium
tetrafluoroborate salt)

Calismamizda p-tipi Si (100) elektrot yiizeylerini
modifiye etmek i¢in 4-aminobenzilamin molekdlii
kullanilmistir. Bu molekiil tercih edilirken, oncelikle
diazonyum tuz sentezi metodunda yiizeye baglanmasi
icin NH> grubu igermesi gerekmektedir. Diger taraftan da
altin nanopartiikiillerle etkilesmesi igin NH, grubunun
varlig1 iki 6nemli faktor olarak g6z 6niine alinmistir.

Benzilamin diazonyum tuzlarimin sentezi amaca uygun
olarak gerceklestirilmistir. Ozetle 4-aminobenzilamin, %
48’ lik floroborik asit igerisinde ¢6ziildii ve elde edilen
bu karisim iizerine, sicakligm 0 °C’ yi gegmemesine
dikkat edilerek damla damla butilnitrit/etanol ilavesi
yapildi. Reaksiyonun bitigi reaksiyon karisimindan
bagetle alinan bir damla, potasyum iyodiirlii nigasta
kagidi iizerine damlatilarak kontrol edildi. Mavi bir renk
nitréz asidin asirisini, yani reaksiyonun tamamlandigin
gosterir. Olusan ¢okelek ayrildi ve kullanilincaya kadar
+4 °C’ de bekletildi [14,15] (Cizelge 1.a).

Silisyum elektrot yiizeyleri iizerinde ince filmler
olusturabilmek i¢in sentezlenen diazonyum tuzlarinin
elektrokimyasal yontemlerle indirgenme reaksiyonundan
faydalanildi. Kullanilan elektrokimyasal — yontem,
calisma elektrotunun polarize oldugu sartlar altinda
elektrot-¢cozelti ara yiizeyine uygulanan potansiyelin
stirekli degisimi sonucu akimin Ol¢iimiine dayanan
doniigiimli voltametri teknigidir. Doniisiimli
voltametride, potansiyel zamanin fonksiyonu olarak
dogrusal bir sekilde belirli bir potansiyel degerine kadar
artirthp,  tekrar  baslangic  potansiyeline  geri
doniilmektedir. Bu esnada hiicrede olusan akim, zamanin
ve uygulanan potansiyelin bir fonksiyonu olarak
kaydedilir.

Kimyasal doniistimlerin elektrik enerjisi kullanarak
gerceklestirildigi elektrokimyasal iglemler, elektroliz
hiicresinde yapilmistir. Analiz edilecek madde, ¢oziicii,
destekleyici elektrolit, elektrotlar ve bu elektrotlari
birbirine baglayan potansiyostat olarak adlandirilan bir
dis devre elektrokimyasal hiicreyi olusturan kisimlardir.
Caligmalarimizda voltametrik incelemeler
tetrabutilamonyumtetrafloroborat  (TBABF4) iceren
asetonitril (CH3CN) ¢ozeltisinde, diigiik akim moduliine
sahip  epsilon  elektrokimyasal  analizér ile
gerceklestirilmistir. Calisma elektrodu olarak p-tipi Si
(100)  kullanilmigtir. ~ Voltametrik  cevaplar  oda
sicakliginda kapali grup tip bolinmemis hiicrede platin
karsit ve doygun kalomel (SCE) referans elektrotlara
karsin kaydedilmistir.

Oncelikle 1 mM  4-(Aminometil)benzendiazonyum
tetrafloroborat tuzu igeren elektrolit ¢dzeltilerinde genis
bir potansiyel araliginda tarama yapilarak 4-
(Aminometil)benzendiazonyum tetrafloroborat tuzunun
indirgenme potansiyeli belirlenmistir. Uygun potansiyel
araliklar1 belirlendikten sonra farkli tarama hizlarinda
taramaya devam edilerek elektrot yiizeylerinin
modifikasyonu gerceklestirilmistir (Cizelge 1.b).
Modifiye edilen filmlerin redoks molekiillerine karsin
blokasyon davranisi, 1 mM KsFe(CN)s ve 1 mM
Ru(NH3)sCls3 iceren ¢ozeltileri kullanilarak
arastirtlmistir.

Sitrat-kaph altin nanopartikiillerin sentezi ve
benzilamin modifiye Si (100) yiizeyleri ile etkilesimi
(Synthesis of Citrate-capped gold nanoparticles and their
immobilization on covalently modified benzylamine Si
(100) surfaces)

Sitrat kapli altin nanopartikiillerin sentezi literatiirde
verilen prosediire gore gerceklestirilmistir [16]. Ozetle
altin nanopartikiil ¢6zeltisinin hazirlanmast igin, bir
litrelik cam balona 500 mL’ lik 1 mM HAuCl4’ iin saf
sudaki ¢ozeltisi alinir ve 1sitilarak kaynayincaya kadar
karigtirtlir. Bu ¢ozelti iizerine 50 mL’ lik 38,8 mM
sodyumsitratin  (NazCeO7.2H20) saf su igerisindeki
¢ozeltisi hizl bir sekilde ilave edilir ve kaynar halde 10
dk karistirmaya devam edilir. Daha sonra isiticidan
tlmarak 1sitilmaksizin 15 dk stireyle karistirtlir. Sari
renkten ac¢ik kirmizi renge doniisen sonug¢ ¢dzelti, oda
sicakliginda kiigiik porlu siizge¢ kagidi (0,22 um) ile
stiziildiikten sonra kullanima hazir halde karanlikta
muhafaza edilir. Sitrat kapli altin nanopartikiillerin
karakterizasyonu  igin UV spektroskopisinden
faydalanilmigtir. UV analizlerinde, sitrat kapli altin
nanopartikiil ¢ozeltisinin 520 nm de absorpsiyon verdigi
gozlenmistir.

Benzilamin molekiilii ile modifiye edilmis p-tipi Si (100)
elektrotlar, sentezlenen sitrat-kapli altin nanopartikiil
iceren ¢ozeltiye daldirilarak kararli sitrat-kapli altin
nanopartikiillii filmlerin {iretimi  gergeklestirilmistir

(Cizelge 1.¢).

3. SONUCLAR VE TARTISMA (RESULTS AND
DISCUSSION)

4-(Aminometil)benzendiazonyum tetrafloroborat
tuzunun karakterizasyonu (Characterization of the 4-
(Aminomethyl)benzene diazonium tetrafluoroborate
salt)

4-(Aminometil)benzendiazonyum tetrafloroborat
tuzunun karakterizasyonu icin FTIR spektroskopisi
kullanilmigtir. 4-(Aminometil)benzendiazonyum
tetrafloroborat tuzu i¢in FTIR spektrumu sekil 1’ de
goriilmektedir. Yaklagik 2275 cm™ de —~N=N gerilme
moduna karsilik gelen pikin varlifi benzilamin igin
diazonyum tuzunun olusumunu gostermekedir [17].
Ayrica yaklasgtk 1020 cm™ deki siddetli band
karakteristik BF4~ anyonunu gostermektedir.
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Sekil 1. 4-(Aminometil)benzendiazonyum tetrafloroborat tuzu
icin FTIR spektrumu (FTIR spectrum for 4-
(aminomethyl) benzenediazonium tetrafluoroborate
salt)

Si (100) yiizeylerinin kovalent bir sekilde benzilamin
ile modifikasyonu ve karakterizasyonu
(Characterization and modification of Si (100) surfaces
that covalently modified by benzylamine films)

Diazonyum tuzlart ile kati yiizeylerin kovalent
modifikasyonu, onlarin karakteristik redoks davranislari
sayesinde doniistimli voltametri tekniginden
faydalanilarak  gerceklestirilebilir. 1,0 mM  4-
(Aminometil)benzendiazonyum tetrafloroborat tuzunun
0,1 M TBABF; iceren asetonitril ¢ozeltisinde Si (100)
elektrotta +0,3 ve -1,3 V potansiyel araliginda kaydedilen
déniisiimlii voltamogram sekil 2° de gériilmektedir. ilk
taramada SCE referans elektrota karsin yaklasik ~ -0,87
V’ da diazonyum tuzunun indirgenmesine karsilik gelen
genis ve doniisiimsliz bir katodik pik belirlendi.
Arildiazonyum tuzlarimin indirgenmesine karsilik gelen
bu pikin siddeti devam eden taramalarda hizla
azalmaktadir. Pik akimmin azalmasi, benzilamin
radikallerinin Si ylizeyine baglanarak elektron transferini
engelleyen bir ylizey filmi olusturmasiyla agiklanabilir.

=1 Tarama | 20 pA
2.Tarama
=3 Tarama
0,5 0 -0,5 -1 1,5

Potansiyel/V

Sekil2. 1,0 mM 4-(Aminometil)benzendiazonyum
tetrafloroborat tuzu i¢eren 0,1 M TBABFs+CH3CN
¢ozeltisinde 0.2 V.s? tarama hizinda Si (100)
elektrotta kaydedilen voltamogram (Voltamogram
recorded at Si (100) electrode at 0.2 V.s* scanning
rate in 0.1 M TBABFs + CH3CN solution
containing 1.0 mM  4-  (Aminomethyl)
benzenediazonium tetrafluo-roborate salt)

4-(Aminometil)benzendiazonyum tetrafloroborat tuzu
i¢in voltametrik tarama yapilarak Si (100) elektrotlarin
modifikasyonu gerceklestirildikten sonra, bu yilizeylerin
karakterizasyonu, XPS spektroskopisi ile arastirildi.
Sekil 3, benzilamin modifiye Si (100) yiizeyleri i¢in
kaydedilen =~ XPS  spektrumlarim1  gostermektedir.
Spektrumda yaklasik (98,4), (149,6), (284) ve (400,0)
eV’ da goriilen Si2p, Si2s, Cls ve Nls pikleri acik bir
sekilde goriilmektedir. Ayrica spektrumlarin Si2p
bolgesinde SiO,’den kaynaklanan (103,0) ve (154,0) eV’
daki piklerin gozlenmemesi ylizeyde oksit filminin
olmadigint gostermektedir. Bu XPS sonuglarina gore
silisyum elektrot yiizeylerinin, amin sonlu benzilamin
molekiilii ile kaplandig1 s6ylenebilir.

Si2
Si2p

C1s

N1

siddetir.b.

180 240 300 360 420 480
Baglanma EnerjisileV

0 60 120

Sekil 3. Benzilamin modifiye Si (100) yiizeyleri igin
kaydedilen XPS spektrumu (XPS spectrum recorded
for benzylamine-modified Si (100) surfaces)

Elektroaktif  redoks problarinin  varhginda

Benzilamin modifiye filmlerin bariyer etkisi (Barrier

effect of benzylamine modified films in the presence of

electroactive redox probes)

Ince filmler ile kapli elektrotlarda elektroaktif tiirlerin
doniisimlii  voltamograminin incelenmesi, filmlerin
varligini ve onlarin blokasyon davranisini incelemek igin
kullanilan bir yontemdir. Benzilamin modifiye Si (100)
elektrotlarin elektron transfer blokasyon analizi, siklikla
arastirilan negatif yiiklii Fe(CN)s* ve pozitif yiiklii
RuU(NH3)e®" gibi iki farkli elektroaktif redoks tiiriiniin
varliginda sulu ortamlarda arastirilmstir.

Sekil 4’ de bos ve benzilamin ile modifiye edilen Si (100)
elektrotlar icin 1,0 mM Ru(NH3)e®* igeren sulu
cozeltisinde kaydedilen doniisiimlii voltamogramlari
gosterilmektedir. Redoks sistemi bos Si (100) elektrotta,
yaklagik -0.22 V’ da doniisiimli bir redoks davranisi
sergiler. Ancak aymi sartlar altinda benzilamin ile
zmodifiye Si (100) yiizeyi redoks sisteminin oksidasyon
ve rediiksiyon reaksiyonu i¢in 6nemli bir bloke davranisi
ortaya ¢ikarmaktadir. Buda yiizeye modifiye edilmis
amin sonlu benzilamin filminin sulu ortamda
protonlanmasi sonucu, pozitif yiiklii redoks tiirlerin
elektrot yiizeyleri ile elektron transferini engelledigini
gostermektedir.

370



BENZILAMIN INCE FILMLERI ILE KOVALENT BiR SEKILDE MODIFIYE EDILMIS SILISY ... Politeknik Dergisi, 2019; 22 (2) : 367-373

| 20 pa
0,2 0,0 -0,2 -0,4 -0,6
Potansiyel/V
Sekil 4. Bos (—) ve benzilamin (—) modifiye Si (100)

elektrot igin 1,0 mM Ru(NH3)e%*, 0,10 M KCl igeren
sulu ¢ozeltide, 200 mV.s™! tarama hizinda kaydedilen
voltamogramlar (Voltamograms recorded at a
scanning rate of 200 mV.s in an aqueous solution
containing 1.0 mM Ru (NHz)%*, 0.10 M KCI for the
empty (—)and benzylamine (—) modified Si (100)
electrodes)

Diger taraftan negatif yiiklii Fe(CN)s* redoks sistemi igin
benzilamin modifiye GC elektrotlar i¢in herhangi bir
bloke etkisi gézlenmedi (Sekil 5). Hatta bos GC elektrot
ile karsilastirildiginda film modifiye yiizeylerde elde
edilen pik akimlarinin neredeyse ayni oldugu gézlendi.

20 pA

0,8 0,6 0,4 0,2 0
Potansiyel/V)
Sekil 5. Bos (—) ve benzilamin (—) modifiye Si (100) elektrot
icin 1,0 mM Fe(CN)s>, 0,10 M KCI igeren sulu
¢ozeltide, 200 mV.s? tarama hizinda kaydedilen
voltamogramlar (\VVoltamograms recorded at a scanning
rate of 200 mV.s-1 in an aqueous solution containing
1.0 mM Fe (CN)s*, 0.10 M KCI for the modified Si
(100) electrode for empty (—) and benzylamine (—)

Benzilamin ile kapli elektrotlarin farkli redoks sistemi
varliginda sergiledikleri farkli bloke etme davraniglari

modifiye yiizey ve elektroaktif tlirler arasindaki
elektrostatik etkilegsmelerle agiklanabilir. Si  (100)
elektrot yiizeyinin modifikasyon sartlarindan amin sonlu
benzilamin ylizey filmlerinin protonasyonu meydana
gelmektedir. Bu nedenle olusan sonug yiizey filmleri
pozitif yiikliidiir. Pozitif yiiklii bu filmler Fe(CN)¢* gibi
negatif ylikli bir tiiriin Si elektrot yiizeyine ulagmasini
engellemeyecek, hatta giiglii elektrostatik etki ile onun
ylizeye ulagmasini saglayacaktir. Bu nedenle Fe(CN)g*
in modifiye elektrot ig¢in voltametrik cevaplart bos
elektrotta belirlenen voltamogramlara benzemektedir
[18].

Sitrat-kaph altin nanopartikiillerin, benzilamin ile
kovalent bir sekilde modifiye Si (100) yiizeylerine
immobilizasyonu ve karakterizasyonu
(Immobilization and characterization of citrate-capped
gold nanoparticles on covalently modified benzylamine
Si (100) surfaces)

Modifiye benzilamin ince filmlerinin Si (100) elektrotlar
iizerindeki morfolojisini belirleyebilmek icin taramali
elektron mikroskobundan (SEM) faydalanildi.

Sitrat kapli altin nanopartikiillerin Si (100) gibi elektrot
yiizeyleri iizerindeki protonlanmis olan amin sonlu
filmlere ilgisi oldugu ve yilizeyde -elektrostatik
etkilesmeler sonucu N-Au bagi olusturmasi ile ilgili
calismalar bulunmaktadir [19,20]. Bu calismalar 15181nda
oncelikle benzilamin ile Si (100) yiizeylerinin farkli
voltametrik tarama yapilarak kaplandiktan sonra,
filmlerin karakterizasyonu i¢in modifiye elektrotlar
sirastyla su, asetonitril ve aseton igerisinde ultrasonik
banyoda yikandi ve azot atmosferinde kurutuldu. Daha
sonra hem bos Si (100) hem de 20 voltametrik tarama ile
benzilamin modifiye Si (100) elektrotlar bir saat siire ile
negatif yiiklii olan sitrat kapli altin nanopartikiillerden
olusan ¢ozeltiye daldirildi. Bu iglemin amact modifiye Si
(100) {izerinde protonlanmis pozitif yiiklii amin ile
negatif yiiklii sitrat kapl altin nanopartikiiller arasinda
elektrostatik etkilesme sonucu S-Au bagina benzer N-Au
bagmin olusmasidir. Bunun sonucunda da yiizeydeki
filmin altin nanopartikiil sonlu olmasi nedeni ile film
bolgesinin SEM deki goriintiisii alinarak Si (100)
yiizeyindeki filmin morfolojik olusumu hakkinda bilgi
almaktir.

Sekil 6’ da bos temiz Si (100) elektrotunun sitrat kaplt
altin nanopartikiil iceren ¢oOzeltiye 1 saat siireyle
daldirilmast sonucu ve benzilamin modifiye Si(100)
elektrotun bir saatlik sitrat kapli altin nanopartikiil iceren
¢ozeltiye daldirilmast  sonucu SEM  goriintileri
goriilmektedir. Goriintiilerden bos Si (100)’ de altin
nanopartikiil gozlenmezken benzilamin modifiye Si
(100) elektrotlar {izerinde altin nanopartikiiller
goriilmektedir. Bu durum da Si (100) yiizeylerinin
benzilamin  filmleriyle istenilen  modifikasyonun
gerceklestigini gostermektedir.
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Sekil 6. Si (100) elektrotlar tizerinde, bir saat siire ile sitrat kapl
altin nanopartikiil ¢ozeltisinde bekletilmzesi sonucy, Q)
Bos Si (100) ve Si (100) elektrotlar iizerinde 20
voltametrik tarama ile modifiye edilmis, (b) benzilamin
filmleri i¢in alinan SEM goriintiileri (Resulting from
sitting on Si (100) electrodes for one hour in a solution
of citrate-coated gold nanoparticle, (a) empty i (Lu0)
and Si (100) modified by 20 voltammetric scanning on
electrodes, (b) SEM images taken for benzylamine
films

4. SONUCLAR (CONCLUSIONS)

Bu c¢alismada oncelikle 4-aminobenzilamin ¢ikis
molekiilii ile 4-(Aminometil)benzendiazonyum
tetrafloroborat tuzu sentezlenmistir. Daha sonra
diazonyum modifikasyon metodu kullanilarak amin
sonlu olan benzilamin molekiilii ile Si (100) yiizeylerinin
kovalent modifikasyonu ile Si yiizeylerinde amin sonlu
kararli filmler elde edilmistir. Son asamada ise
benzilamin filmleri ile kovalent bir sekilde modifiye
ylzeyleri,  sentezledigimiz  altin  nanopartikiille
etkilestirilerek kararli altin nanopartikiillii filmlerin
iiretimi gergeklestirilmistir.

Si yiizeylerine modifiye edilmis benzilamin filmlerinin
varligi ve bloke etme davranislarini incelemek igin,
Fe(CN)g* gibi negatif yiiklii ve Ru(NH3)e** pozitif yiiklii
redoks problar1 varliginda sulu ortamda doniistimli
voltametri teknigi ile elektrokimyasal davranislar
incelenmistir. Modifiye filmlerinde, amin grubunun sulu
ortamda protonlanmasi sonucu pozitif yiiklii Ru(NH3)e**

icin 6nemli bir bloke davranisi sergilerken negatif yiikli
Fe(CN)¢* icin Oyle bir davramsin  olmadig
belirlenmistir. Diger taraftan elektrot yiizeylerine
kovalent bir sekilde baglanmis benzilamin filmleri
iizerinde altin nanopartikiil filmlerinin olusumu SEM ile
karakterize edilmistir.
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Radyografik ve Makrografik Incelemeleri

Arastirma Makalesi / Research Article

Hakan ADAY, Cemil CETINKAYA?, Ahmet DURGUTLU?®
!Miihendislik ve Mimarlik Fakiiltesi, Makine Miih. Boliimii, Kastamonu Universitesi, Tiirkiye
2Teknoloji Fakiiltesi, Metalurji ve Malzeme Miih. Béliimii, Gazi Universitesi, Tiirkiye

3Teknoloji Fakiiltesi, Metalurji ve Malzeme Miih. Béliimii, Gazi Universitesi, Tiirkiye
(Gelig/Received : 14.01.2018 ; Kabul/Accepted : 29.01.2018)

oz
Bu ¢alismada Taguchi metoduyla belirlenen parametreler dahilinde kaynak islemine tabi tutulan API 5L X65 boru
birlestirmelerinin floroskopik incelemelerinden elde edilen radyografi goriintiilleri ve optik mikroskop ile gorlintiilenen
birlestirmelerin kaynak bolgesi makroyapilar incelenmistir. Elde edilen radyografi ve makrografik goriintiilerinden yukaridan
asag1 yonde bazik elektrodla diisiik amper degerlerinde birlestirilen malzemelerde yetersiz ergime, birlesme noksanligi gibi
hatalarin olustugu goriiliirken, bu birlestirmeler haricindeki tiim birlestirmelerin genel olarak kusursuz bir sekilde gergeklestigi,

makro diizeyde ve hata boyutunda degerlendirilebilecek siireksizliklere rastlanilmadigi tespit edilmistir.
Anahtar Kelimeler: API 5L X65 boru, kaynak, taguchi, makrografi, radyografi.

Radiographic and Macrographic Investigations of
Welding Parameters Determined by Taguchi Method in
API 5L X65 Pipe Joints

ABSTRACT

In this study, radiographic images obtained from fluoroscopic examinations and macrograpgic images of APl 5L X65 pipe joints
welded within the parameters determined by Taguchi method were examined in detail. In the obtained radiographs and
macrographs, defects such as inadequate penetration and fusion deficiencies were observed in the joints 2 and 4, which were
connected with the basic electrode from top to bottom direction. It has been found that all joints except joints 2 and 4 are generally
performed perfectly. There are also no discontinuities that can be evaluated at the macro level in terms of defect size

.Keywords: API 5L X65 pipe, welding, taguchi, macrography, radiography

1. GIRIS (INTRODUCTION)

Uzak mesafelere petrol ve gaz iiriinlerini tasgimak igin
kullanilabilecek en kolay ve ekonomik yolun dogalgaz ve
petrol boru hatlarin1 kullanmak oldugu bilinmektedir.
Modern tasarimlt boru hatti sistemleri diinyanin her
yerinde ¢ikarildigr tretim bdlgelerinden tiiketicilere,
petrol, dogalgaz ve iriinlerini tagimaktadir. Diinyada
enerjiye olan ihtiyacin her gecen giin artmasi da yiiksek

Boru hatt1 ile tasima sistemleri; gaz, petrol gibi akiskan-
larin taginmasinda yaygin bir sekilde kullanilmaktadir.
Plastik deformasyona neden olabilecek doga olaylarinin
(deprem, toprak kaymasi, gogiik, v.b.) olusabilme ihti-
mali, boru hatlarinin tasariminin ve segilecek malzeme-
nin 6nemini ortaya koymaktadir. Boru hatti malzemesi ve
baglant1 sistemleri, disaridan meydana gelebilecek olum-
suz etkilere kars1 koyabilecek mekanik 6zelliklere sahip

tagima kapasitesine sahip yliksek basingli boru hatlarinin
inga edilmesi gercegini ortaya koymaktadir [1-6]. Hem
ekonomik, hem de stratejik onemi bulunan petrol ve
dogalgazin  bulunduklar1  kaynaklardan ¢ikarilarak
ayirma istasyonlarina, ayirma isleminden ¢ikan
iriinlerinse kullanim yerlerine taginmalart 6nemli bir
islemdir. Yiiksek basinglarla gerceklestirilen bu tagima
islemi ise ancak biiyiikk c¢apl ¢elik borular ile
yapilmaktadir [7-12].

*Sorumlu Yazar (Corresponding Author)
e-posta : hakanada@kastamonu.edu.tr

olmalidir [13-16].

Giiniimiizde dogalgaz ve petrol hat borularinin imala-
tinda kullanilan ¢elikler; API (American Petroleum Ins-
titue) SL standardina gore tretilmektedir [17]. API 5L
X65 gelikleri, 6zellikle dogalgaz ve petrol iletim ve dagi-
tim hatlarinda kullanilan yiiksek mukavemetli ve diistik
alasimh ¢elik serilerinden biridir [18-20]. Yiiksek meka-
nik dzellikleri, diisiik maliyetleri ve kolay elde edilebil-
meleri nedeniyle boru hatt1 tagimaciliginda yaygin olarak
kullanilmaktadir [21,22]. API 5L standardinda, “X65”
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kalitesinde degerlendirilen bu malzemeler; ince taneli ya-
pinin hakim oldugu, kontrollii termomekanik haddeleme
yontemi ile tiretilen malzemelerdendir [18-20]. API ¢e-
liklerinde genel olarak ana mikroalagim elementi, titan-
yum ve vanadyum ile kombinasyonu olan niyobyumdur
(Nb/V, Nb/Ti, Nb/V/Ti). Bu kombinasyonlar ¢eliklerin
mekanik 6zelliklerini olumlu yonde etkilemektedir [23-
25]. Kolay elde edilmesi ve yiiksek dayanim 6zelliklerine
sahip olmasi nedeniyle X65 ¢elikleri boru hatti ile dogal-
gaz ve petrol tagimaciliginda ¢ok yaygin bir sekilde kul-
lanilmaktadir [1,2,21, 22].

Borularin birlestirildigi yapim islerinde genel olarak,
kaynak parametreleri ile malzemenin mekanik-kimyasal
ozellikleri ve kaynak dikisinde istenilen performans 6zel-
likleri (mukavemet ve tokluk gibi) arasinda bir iliskinin
kurulamadig1, kaynak parametrelerinin ¢ogu zaman de-
neme yanilma yontemi ile belirlendigi gortilmektedir.
Kaynak tekniginin dogru segilememesi kalite kontrol is-
lemlerinde aligilmisin disina ¢ikilmasini engelleyerek, ya
gereksiz yonde fire verilmesine, ya da belirli hatalarin
farkina varilamamasina yol agmaktadir. Benzeri neden-
lerden dolay1, kaynak giivenirligi kaynak hizinin diigiik
tutulmasi ile saglanmaya ¢aligilmakta, bu ise hem verim-
liligin diismesine hem de maliyetlerin artmasina neden
olmaktadir. Buradaki temel eksiklik, kaynak parametre-
lerinin se¢imine yonelik sistematik bir yontemin olustu-
rulamamasidir.

Taguchi metodu, yukarida bahsedilen eksikliklerin berta-
raf edilmesi i¢in kullanilabilecek uygun ve gii¢lii bir yon-
temdir. Taguchi metodu, kullanicilarina, maliyet,
ekonomiklik, kalite ve performans tasarimlarini optimize
edebilmek i¢in basit, verimli ve sistematik bir yaklagim
sunmaktadir. Taguchi metodu; bir {iriin, islem ya da sis-
temin mithendislik optimizasyonunu; sistem, parametre
ve tolerans tasarimi gibi ti¢ adimhik bir yaklasim igeri-
sinde ¢ozebilmeyi amaglamaktadir [26, 27]. Klasik deney
tasarim yontemlerinin kullanimi endiistriyel sartlar al-
tinda zaman zaman verimli olamamaktadir. Sistemi etki-
leyen faktorlerin sayist arttikca, yapilmasi gereken
deneylerin sayist da artmakta, bu nedenle fireler ve mali-
yetler yiikselmekte, uygulamalar ise bir hayli zorlagmak-
tadir. Boyle durumlarda kesirli faktoriyel tasarim olan
Taguchi Metodu sistemi hem daha verimli, hem de kolay
bir hale getirmektedir. Karar vermeyi gerektiren birgok
durumda da Taguchi Metodu basari ile uygulanabilmek-
tedir [28].

Taguchi metodunun tercih edilme nedenlerini ortaya ko-
yan bu hususlar, ¢alismamizda kaynak parametrelerini
belirlemedeki temel amaci da genel olarak ifade etmek-

tedir. Bu ¢aligmada dogalgaz ve petrol borularinin kay-
nak iglemlerinden elde edilen birlestirmelerin ptimum
mekanik 6zelliklere sahip olmast amaciyla Taguchi me-
todu kullanim tercih edilmistir. Taguchi metoduyla be-
lirlenen parametreler dahilinde kaynak islemleri
gerceklestirilen API SL X65 boru birlestirmeleri daha
sonra tahribatsiz muayene yontemlerinden radyografik
teste tabi tutulmugstur. Radyografi testleri EN 1435 stan-
dardina uygun olarak gerceklestirilmistir. Muayene ve
degerlendirme iglemleri EN 473 standardina uygun ola-
rak vasiflandirilmis RT (Radyografik Test) Seviye 2 ser-
tifikasina sahip kalifiye bir personel tarafindan
yapilmustir. Radyografi islemlerinden sonra da numune-
lerin makrografik incelemeleri gergeklestirilmistir. Mak-
royapt incelemelerinde; akim siddeti, kaynak yonii ve
elektrot tiirtinlin etkilerine bagl olarak olusan kaynak
metali ve 1s1nin tesiri altindaki bolge (ITAB) detayl: ola-
rak incelenmistir.

2. MATERYAL VE METOD (MATERIAL and
METHOD)

Bu ¢alisma {i¢ agamali olarak gergeklestirilmis olup, ilk
asama borularin kaynakli birlestirme asamasi, ikinci
asama birlestirmelerin radyografik muayenesi, tiglincii
asama ise birlestirmelerin makro yapilarinin incelendigi
makrografik inceleme asamasidir. ilk asama olan birles-
tirmelerin kaynak islemlerinde Taguchi metodu kullani-
larak, gercek ve akilci ¢oziimler tiretebilmek ve en uygun
degiskenler belirlenerek endiistriyel uygulamalara katki-
lar sunmak amaclannustir. ikinci asamada, Taguchi me-
toduyla belirlenen parametrelerle — gergeklestirilen
birlestirmelerin radyografik incelemeleri yapilarak, me-
talurjik ve mekanik 6zellikler agisindan kalite kontrol is-
lemlerinin bir 6n c¢aligmast planlanmistir. Ucgiincii
asamada ise, makrografik incelemeler yapilarak, birles-
tirmelerin makro diizeyde metalurjik 6zellikleri arastiril-
maya ¢aligilmistir.

Kaynak islemlerinde akim siddeti degeri, elektrod tiirii ve
kaynak yonii gibi parametreler dikkate alinmigtir. Deney-
lerde 110-140, 120-150, 130-160, 140-170, 150-180,
160-190, 170-200 ve 180-210 A araliginda akim siddeti
degerleri kullanilmig, borular iki farkli yonde olmak
iizere, (asagidan yukar1 ve yukaridan asagi) iki farkli
elektrod tiirii (seliilozik ve bazik) ile birlestirilmistir. Be-
lirlenen faktor ve seviyeler neticesinde Taguchi L16 de-
ney diizenegi (8*%2%*2) ile kaynakli birlestirme islemleri
gerceklestirilmigtir. Taguchi metodu ile belirlenen faktor
ve seviyeler Cizelge 1°de, Taguchi L16 deney diizenegi
ise Cizelge 2’de verilmistir.

Cizelge 1. Deney faktorleri ve seviyeleri (Factors and levelsof experiments)

Faktorler Seviyeler
Sembol (Kaynak
Parametreleri) 1 2 3 4 5 6 7 8
A Aklm Sl(.idetl 110-140 120-150 130-160 140-170 150-180  160-190 170-200  180-210
Degerleri (A)
- Asagidan Yukaridan
B Kaynak Yoni yukari 1 Asagi |
Elektrod Tiirii Seliilozik Bazik
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Cizelge 2. Taguchi Lis deney diizenegi ( Taguchi Lis experiment setup)

-A- -B- -C-
Deney No (Akim Siddeti) (Amper) (Kaynak Yénii) (Elektrod Tiirii)
1 1 (110 — 140) 1 (Asagidan yukari 1) 1 (Seliilozik)
2 1 (110 - 140) 2 (Yukardan asag: |) 2 (Bazik)
3 2 (120 - 150) 1 (Asagidan yukari 1) 1 (Seliilozik)
4 2 (120 - 150) 2 (Yukaridan asagi |) 2 (Bazik)
5 3(130-160) 1 (Asagidan yukar1 1) 1 (Seliilozik)
6 3(130-160) 2 (Yukaridan asag: |) 2 (Bazik)
7 4 (140 -170) 1 (Asagidan yukari 1) 1 (Seliilozik)
8 4 (140 - 170) 2 (Yukaridan asagi |) 2 (Bazik)
9 5 (150 - 180) 1 (Asagidan yukar1 1) 2 (Bazik)
10 5 (150 — 180) 2 (Yukaridan asagi |) 1 (Seliilozik)
11 6 (160 — 190) 1 (Asagidan yukari 1) 2 (Bazik)
12 6 (160 — 190) 2 (Yukaridan asag: |) 1 (Seliilozik)
13 7 (170 - 200) 1 (Asagidan yukar1 1) 2 (Bazik)
14 7 (170 - 200) 2 (Yukaridan asagi |) 1 (Seliilozik)
15 8 (180 - 210) 1 (Asagidan yukari 1) 2 (Bazik)
16 8 (180 - 210) 2 (Yukandan asagi |) 1 (Seliilozik)

Deneylerde Cizelge 3’te kimyasal kompozisyonu ve
mekanik 6zellikleri verilen API 5L X65 kalitesinde, 12,7
mm  Kesit kalinliginda ince taneli yapt ¢eligi
kullanilmistir. Tlave tel (elektrod) olarak ise seliilozik ve
bazik elektrodlar kullanilmustir. Seliilozik elektrod ile
yapilan birlestirmelerde kok pasoda 3,25 mm c¢apinda
E6010 AWS kodlu elektrod kullanilmis olup, sicak paso,
ara paso ve kapak pasolarda ise 4,00 mm ¢apinda E8010
AWS kodlu elektrod kullanilmigtir. E6010 ve E8010

kodlu seliilozik elektrodlarin kimyasal kompozisyonu ve
mekanik ozellikleri Cizelge 4 ve 5°te verilmektedir.
Bazik elektrod ile yapilan birlestirmelerde ise E9018-D1-
H4 AWS kodlu elektrod kullanilmis olup, kdk pasoda
3,25 mm, diger pasolarda ise 4,00 mm g¢apinda
elektrodlar tercih edilmistir. E9018-D1-H4 AWS kodlu
elektrodun kimyasal kompozisyonu ve mekanik
ozellikleri ise Cizelge 6’da verilmistir.

Cizelge 3. Deneylerde kullanilan X65 malzeme kimyasal kompozisyonu ve mekanik 6zellikleri (Chemical composition and

mechanical properties of X65 material)

C Si Mn P S Cr Ni Mo

0,064 0,29 1,61 0,008 0,0018 0,021 0,001 0,001

Element (%) Cu Al Ti Vv Nb N Fe Ces
0,008 0,035 0,023 0,051 0,052 0,0028 97,83 0,348
Akma Muk. Cekme Muk. Uzama (%) Darbe Enerjisi (0°C)

Mekanik (MPa) (MPa) (min.) (Joule)
Ozellikler 566 650 34 209
Cizelge4. AWS/ASME FA.5.1. E6010 kodlu seliilozik elektrod kimyasal analiz ve mekanik o6zellikleri (Chemical

composition and mechanical properties of AWS/ASME FA.5.1. E6010 coded celulosic electrode)

Kaynak Metalinin Tipik Kimyasal Analizi

Kaynak Metalinin Tipik Mekanik Ozellikleri (%)

Akma Muk. Cekme Muk. Uzama Centik Darbe Enerjisi (0 °C)
C Si Mn (min) (min) (N/mm2) (%) (min)
(N/mm?2) (Joule)
0,10 0,20 0,50 470 530 26 60

Cizelge 5. AWS/ASME FA.5.1. E8010 kodlu seliilozik elektrod kimyasal analiz ve mekanik 6zellikleri (Chemical composition
and mechanical properties of AWS/ASME FA.5.1. E8010 coded celulosic electrode)

Kaynak Metalinin Tipik
Kimyasal Analizi

Kaynak Metalinin Tipik Mekanik Ozellikleri (%)

Akma Muk. Cekme Muk. Uzama Centik Darbe Enerjisi (-20 °C)
C Si Mn Ni (min) (min) (%) (min)
(N/mm2) (N/mm2) (Joule)
0,10 0,20 0,80 0,90 500 570 24 60
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Cizelge 6. AWS A5.5. E9018-D1-H4 kodlu bazik elektrod kimyasal analiz ve mekanik 6zellikleri (Chemical composition and
mechanical properties of AWS A5.5. E9018-D1-H4 coded alkaline electrode)

Kaynak Metalinin Tipik Kimyasal Analizi

Kaynak Metalinin Tipik Mekanik Ozellikleri (%)

c Si Mn Mo Akma Muk. Cekme Muk. Centik Darbe Enerjisi (-50 °C)
(min) (N/mm?) (N/mm?) (min) (Joule)
0,075 0,40 1,60 0,45 550 610-780 47
Saha birlestirmelerinde yogunlukla kullanilan, ortiili ~ Taguchi metodu yardimiyla en uygun kaynak

elektrodla elektrik ark kaynak yontemi birlestirme
metodu olarak tercih edilmis, kaynak islemleri Gazi
Universitesi Teknik Bilimler Meslek Yiiksekokulu
Kaynak Teknolojisi Programi laboratuvarlarinda,

parametreleri Cizelge 2°de verildigi gibi L16 (8*2%*2)
diizeninde belirlenmis ve kaynak islemleri bu
diizenlemeye uygun olarak Cizelge 7’de belirtildigi gibi

secilerek gergeklestirilmistir. Deneylerde kdk pasolar
1 -KokPaso @
2 - Sicak Paso
3,4 - Dolgu Paso
5 -Kapak Paso
6 - I¢Kaynak

- -
1.6 e

Sekil 1. a.Kaynak agz1 geometrisi, b. Paso siralamasi (a.Weld groove geometry, b.Pass sequence)

redresor tipi kaynak makinesinde gerceklestirilmistir.
Birlestirme islemlerinde kullanilan kaynak agzi
geometrisi ve paso siralamasi Sekil 1’°de verilmektedir.

Kaynakli birlestirmelerde parcalar oncelikle kaynak
islemine hazirlanmistir. Tozalt1 kaynak yontemiyle spiral
olarak iiretilmis olan 1.066,8 mm (42” ¢apinda), 12,7 mm
et kalinligindaki API 5L X65 kalitesindeki ¢elik borular
otomatik plazma kesme makinesi ile 300 mm
genisliginde kesilmistir. Kesilen borulara 30° kaynak
agz1 agilarak, kaynak islemine hazirlanmistir. Her bir
deney yarim boru birlestirmesi olacak sekilde, yani tam
bir boru gevresi ikiye boliinerek, bir gevreden iki deney
elde edilecek sekilde asagidan yukari ve yukaridan asagi
yonlerde kaynak islemleri gergeklestirilmistir (Sekil 2).
Kaynak islemi i¢in hazirlanmis boru sekilleri Sekil 3°te
goriilmektedir.

—_, - - s s e

g

Sekil 2. Birlestirme islemlerinin sematik goriintiisii (Schematic
illustration of welding processes)

1 - Agafndan Yulkar
IFEed vy ueprreyny - T

sabit bir akim siddeti degerinde (100 Amper)
birlestirilmis olup, elektrodun ergime giicii ve metal
yigma kapasitesi diigiiniilerek, sicak paso ile birlikte akim
siddeti degeri her pasoda 10 Amper arttirilmigtir. Kaynak
isleminin sonunda borular kapak pasoda (5. paso)
kullanilan akim siddeti degerinde, igeriden de ayrica ig
kaynak (6. paso) islemine tabi tutulmustur. Bu kapsamda
belirlenen deney diizeneginin son hali, paso gegislerinde
akim siddeti degerlerinin yiikseltilmesi ihtiyacina karsin
ve Cizelge 2°de belirtilen akim siddeti degerlerinin sabit
oranda (10 A) arttirilmast neticesinde Cizelge 7’de
goriildiigii gibi olusturulmustur. Kaynakli birlestirme
islemlerinde kaynak hiz1 sabit tutulmus olup, birlestirme-

- - oo -
Y L N -,
B S =
e o

/f S~ =N 3 (

—

@ DEAEV7Q/.

L\J"or .
$ ‘-’-', 3_, -

Sekil 3. Kaynak islemi i¢in hazirlanan borular (Pipes
prepared for welding process)

ler kok pasoda 120 mm/dak, diger pasolarda ise 150
mm/dak kaynak hizinda gergeklestirilmistir. Deneylerde
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kullanilan bazik elektrodlar 250 — 300 °C’de 1 saat siire
ile kurutularak hi¢ bekletmeden, seliilozik elektrodlar ise
Ozelligi geregi kurutulmadan kaynak igleminde
kullanilmusgtir.

Kaynakli birlestirme islemlerinden sonra yapilan
makrografik incelemeler ise; birlestirme islemini makro
boyutta detayli olarak incelemek ve kaynak bolgesinde
olusabilecek makro diizeydeki hata ve siireksizliklerin

Cizelge 7. Taguchi Lis deney diizenegi ile olusturulan ve deneylerde kullanilan parametreler (Parameters set by
Taguchi Lie experiment setup and used in experiments)

Akim Siddeti (Amper)
Deney No Kaynak Yénii Elektrod Tiirii Kok Paso  Sicak Paso Dolgu Pasolar: Kapak Paso ¢ Kay. Pas.
9 3,25 mm D 4,0 mm
-Paso 1- -Paso 2- -Paso 3-  -Paso 4- -Paso 5- -Paso 6-

1 Asagidan yukar1 1 Seliilozik

2 Yukaridan asagi | Bazik 100 110 120 130 140 140

3 Asagidan yukari 1 Seliilozik

a Yukaridan asag | Bazik 100 120 130 140 150 150

5 Asagidan yukari 1 Seliilozik

6 Yukandan asag: | Bazik 100 130 140 150 160 160

7 Asagidan yukari 1 Seliilozik

8 Yukandan asag: | Bazik 100 140 150 160 170 170

9 Asagidan yukart 1 Bazik

10 Yukaridan asag: | Seliilozik 100 150 160 170 180 180
11 Asagidan yukari 1 Bazik

12 Yukaridan asag1 | Seliilozik 100 160 170 180 190 190
13 Asagidan yukart 1 Bazik

14 Yukaridan asag1 | Seliilozik 100 170 180 190 200 200
15 Asagidan yukari 1 Bazik

16 Yukaridan asag | Seliilozik 100 180 190 200 210 210

Cizelge 7°de verilen parametrelere uygun olarak kaynakli
birlestirme iglemleri gerceklestirilmis olup, kaynak
islemi tamamlanan boru birlestirmeleri sonraki asama
olan radyografik incelemeye hazir hale getirilmistir.

Radyografi ve Makrografi Islemleri (Radiography and
Macrography Processes)

Kaynaklt birlestirme islemlerinden sonra yapilan
radyografik incelemeler, kaynak bolgesinde gozenek,
bosluk, catlak, ciiruf kalintisi, yetersiz ergime, dikiste
stireksizlik, yanma olugu gibi hatalarin tespit edilmesi
icin yapilmaktadir. Radyografi testinde rastlanabilecek
olasi hatalar kaynakli baglantinin kalitesizligini
gostermekte ve bu hatalar giderilmeden sonraki
asamalarda gergeklestirilecek olan diger test islemlerinde
sorunlar yasanmaktadir. Bu amag¢ dogrultusunda, bu
caligmada kaynak islemleri gerceklestirilen borular
tahribatsiz muayene iglemlerinden radyografik teste tabi
tutulmustur. Radyografi testleri EN 1435 standardina
uygun olarak gerceklestirilmis, degerlendirme ise EN
473 standardia uygun olarak vasiflandirilmis Seviye 2
bir personel tarafindan, ISO 5817 standardina uygun
olarak Kabul Seviyesi C’de degerlendirilmistir.

tespit edilmesi i¢in yapilmistir. Bu amag¢ dogrultusunda,
bu calismada kaynak islemleri gergeklestirilen boru
birlestirmelerinden alinan numuneler makro incelemeye
tabi tutulmustur. Cizelge 7’deki parametrelere bagh
kalinarak yapilan kaynak islemlerinden sonra her bir
deney kapsaminda birlestirmelerin makro analizleri i¢in
metalografik test numuneleri alinmistir. Boru kaynaginin
pozisyona bagl etkilerini elemine etmek ve goriintiiler
hakkinda dogru yorumlamalar yapabilmek i¢in agagidan
yukart yonde gerceklestirilen birlestirmelerde 10:30 —
12:00 saat pozisyonundan, yukaridan asagiya yapilan
birlestirmelerde ise saat 12:00 — 01:30 saat
pozisyonundan numuneler alinmigtir. Alinan numuneler,
standart metalografik numune hazirlama kurallarina
uygun olarak sirasiyla 200, 400, 600, 800 ve 1200 gridlik
zimparalarla zimparalanmis, daha sonra 6, 3 ve 1 um’lik
kece ve uygun soliisyonlar ile parlatilmistir. Parlatma
isleminden sonra numuneler % 3 Nital (HNO3)
¢Ozeltisiyle daglanmistir.  Daglanan  numunelerin
makroyap1 fotograflart Emek Boru Mak. San. A.S.
Laboratuvarindaki Leica marka stereo mikroskop ile
goriintiilenmistir.
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3. SONUCLAR VE TARTISMA (RESULTS AND
DISCUSSION)

EN 473 standardina uygun olarak vasiflandirilmig Seviye
2 bir personel tarafindan, ISO 5817 standardina uygun
olarak, Kabul Seviyesi C’de degerlendirilen radyografi
test sonuglarini ifade eden, radyografik muayene
goriintiileri Sekil 4’te verilmistir.

2 numaral dency

11 numara deney

13 numaralt deney

16 numaralt deney

8 numaral dency Sekil 4. Kaynakli birlestirmelerin radyografik muayene
goriintiileri (Radiographic images of welded joints)
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EN 473 standardina gére RT Seviye 2 bir personel
tarafindan ISO 5817 standardina uygun olarak kabul
Seviyesi C’ degerlendirmelerine gore; 2 ve 4 numaralt
deneylerde yetersiz ergime nedeniyle birlesme eksikligi
hatasi tespit edilmis, bu nedenle s6z konusu deneylerde
kaynakli birlestirmeler reddedilmistir. Bu deneylerin
haricinde 9, 11, 13, 14, 15 ve 16 numarali deneylerde
gozenek, 14 ve 15 numarali deneylerde ise ciiruf
kalintisina rastlanmig, fakat séz konusu siireksizlikler
kabul kriterlerine gore hata boyutunda olmadig1 i¢in ilgili
deneyler kabul edilmistir. Genel olarak 2 ve 4 numarali
deneylerin haricinde kaynakli birlestirmelerin kusursuz
bir sekilde gerceklestirildigi, kabul kriterlerinin iizerinde
hata boyutunda siireksizliklere rastlanmadigi tespit
edilmistir. 2 ve 4 numarali deneyler bazik elektrod ile
yukaridan asag1 pozisyonda gerceklesen deneyler olup,
s6z konusu deneylerin radyografik incelemesinde
yetersiz ergime, birlesme noksanligi gibi hatalarin
olustugu goézlemlenmistir. Radyografi resimlerinde diiz
bir ¢izgi halinde beliren bu hata yetersiz ergime
nedeniyle olusan birlesme noksanligi hatasini ifade
etmektedir. Bazik elektrodla, yukaridan asag1
pozisyonda, deneylerdeki en diisiik akim siddeti
degerlerinde (110 - 140 ve 120 - 150 A) gerc¢eklesen
birlestirme islemlerinde yeterli niifuziyetin
saglanamadigl goriilmiistir. S6z konusu belirtilen
hatanin secilen bu degerlerin bazik elektrod igin

yukaridan asagi  kaynaginda  yeterli niifuziyeti
saglayamamasi nedeniyle olustugu diisiiniilmektedir.

Radyografik muayenede temel prensip olarak; bogluklar
veya hatalar farkli koyuluktaki bolgeler olarak goriilmesi
gerekirken yukarida verilen radyografi goriintiilerinde 2
ve 4 numaral1 deneyler haricinde, kabul kriterleri disinda
boylesi farkliliklar goriilmemektedir. Dolayisiyla; bu da
kaynakli birlestirmelerin hata boyutunda herhangi bir
catlak, gdzenek, kalinti, bosluk ve siireksizlik
icermedigini gostermekte olup, 2 ve 4 numaralt deneyler
hari¢ diger kaynakli pargalarda saglikli birlestirmelerin
gerceklestirildigini  ortaya koymaktadir. Sekil 5’te
verilen radyografi goriintiilerinde farkli genisliklerde
kaynak dikislerinin elde edilmesinin nedeni ise
deneylerin farkli parametrelerde gerceklesmesindendir.
Tim birlestirmelerde borulara agilan kaynak agiz agisi
30° olup, birlestirmeler 6 pasoda ger¢eklesmistir. Buna
karsin, akim siddeti, kaynak yonii ve elektrod tiirii dikis
genisliginin farkli olugmasina etki etmektedir. Genel
olarak goriintiilerde, akim siddetinin artmasi ile kaynak
dikisi genisliginin arttig1 gérillmiistiir.

Cizelge 8’de wverilen parametrelere uygun olarak
birlestirilen API 5L X65 kalitesindeki borulardan alinan
metalografik inceleme numunelerinin  makroyapi
gorintiileri Sekil 5°te verilmektedir.

Sekil 5. Kaynakli birlestirmelerin makrografi goriintiileri (Macrographic images of welded joints)
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Sekil 5°te verilen makroyap1 fotograflari incelendiginde
yukaridan asag1 yonde bazik elektrod ile birlestirilen 2 ve
4 numarali deneylerde yetersiz ergime sebebi ile birlesme
eksikligi goriilmekte olup diger goriintiilerde herhangi bir
hata goriilmemektedir. Radyografi deneylerinden elde
edilen goriintiiler ve radyografik test raporu da bu
durumu desteklemektedir. Calismalarda uygulanan
kaynak islemi ve boru agizlama iglemleri manuel olarak
yapildig1 i¢in bazi numunelerde i¢-dis kaynaklarda
eksenel kagiklik hatasi olmustur. Bu durum makro
goriintiilere yansimis ancak kaynak kalitesini etkileyecek

bir veri tespit edilmedigi i¢in hata olarak
degerlendirilmemistir.
Bazik elektrod ile yukaridan asagi  yapilan

birlestirmelerde en diisik akim siddeti degerlerinde
birlestirilen 2 ve 4 numarali deneylerde yetersiz ergime
sebebiyle birlesme eksikligi goriilmiistiir. Bu durum 2 ve
4 numarali deneylerde 1s1 girdisinin yeterli miktarda
olmadigini, bu nedenle yeterli ergime ve birlesmenin
saglanamadigint  gostermektedir. 2 ve 4 numarali
deneyler haricindeki  birlestirmelere  bakildiginda;
birlestirmelerde tam niifuziyetin saglandigi gozlenmis ve
makro diizeyde herhangi bir kaynak hatasina (yanma
olugu, catlak, gozenek, kalinti, niifuziyet yetersizligi
v.b.) rastlamlmamigtir. Makroyapt  goriintiilerinin
tiimiinde ise 1sinin tesiri altindaki bolge (ITAB), kaynak
metali ve bdolgesel sinirlar net olarak goriilmektedir.
Ayrica fotograflardan, kaynak metali tanelerinin 1s1 akis
yOniine ters yonde, ana metal sinirlarindan kaynak metali
merkezine dogru yonlendigi net bir sekilde
gozlenmektedir. Birlestirme islemlerinde dnceki pasolar,
daha sonra uygulanacak pasolara ayni zamanda 6n tav 1sil
islemi gorevi de yapmaktadir.

6 pasoda gerceklesen kaynakli birlestirme isleminde,
paso gegisleri makroyap1 fotograflarindan
goriilebilmektedir. Merkez bolgede yer alan ilk pasolarin
ince taneli, i¢ ve dis kapaklar1 olugturan son pasolarin ise
iri ve siitunsal taneli yonlenmis yapilar1 belirgin olarak
secilebilmektedir. Her paso kendinden onceki pasolar
tizerine yiiksek sicakliklarda bir 1s1l iglem uygulamis, her
yeni pasonun gekilisinde alttaki pasolarin 1sil islemi
tekrarlanmistir. Bu 1s1l islemler tanesel yapiy1 normalize
ettigi icin taneler kii¢iilmiis, yonlenme kaybolmustur.
Fakat son pasoda boyle bir durum s6z konusu degildir
[29].

Yine ilave metal ile birlikte ana malzeme de ergiyerek ve
yogun tiirbiilansin etkisiyle birlikte katilagarak, kaynak
metali yapisint olusturmustur. Kaynak metalindeki
katilasmanin epitaksiyel olarak ana metalin tanelerinden
baglayarak merkeze dogru ilerledigi bilinmektedir [30].
ITAB, katilagmanin bagladig1 ¢izgiden ana metale kadar
uzanan ve yapisal farkliliklarin, gegis bolgesi olarak net
bir sekilde makro olarak goriilebildigi bir yapidir. Ana
metal ve kaynak metali arasinda ergime - katilagma
olmadan yiiksek 1s1 etkisi ile yapisal olarak degisime
ugrayan bu bolgeler makroyap1 fotograflarinda agikga
gorilmektedir [30, 31]. Kaynak metali smirinda iri
tanelerden olusan ITAB makroyapisinin, ana metale
yaklastik¢a daha ince tanelerden olustugu goriilmektedir.

Yine  makroyapt  goriintiileri  detayli  olarak
incelendiginde; niifuziyet derinligi ve ITAB genisliginin
malzemeye uygulanan kaynak yonii - elektrod tiirii - akim
siddetinin bir neticesi olan 1s1 girdisine bagli olarak
degisiklik gosterdigi goriilmiistiir. Ayni elektrod tiirii ile
ayn1 yonde yapilan birlestirmelerde uygulanilan akim
siddetinin degistirilmesi ile 1s1 girdisi miktar1 degisiklik
gostermistir. Elektrik ark kaynaginda 1s1 girdisi esitligine
gore akim siddeti ile 1s1 girdisi arasinda dogru oranti
bulunmaktadir. Diger degiskenler sabit tutularak akim
siddeti arttirildiginda, 1s1 girdisi de ayni oranda
artmaktadir. Akim siddetinin yiiksek oldugu deneylerde,
1s1 girdisi miktar1 yiikselmekte ve niifuziyet derinligi -
ITAB genisligi daha genis bir alanda olusmaktadir.
Makroyapi fotograflari ayrintili olarak incelendiginde bu
durum net bir sekilde gézlemlenmektedir.

Diger parametreler sabit tutularak elektrod tiiriinde
degisiklige gidilmesi 1s1 girdisinde bariz bir degisiklige
neden olmamakla  birlikte, kaynak  yOniiniin
degistirilmesi birlestirmelere uygulanilan 1s1 girdisini
ciddi bir sekilde etkilemektedir. Asagidan yukar1 kaynak
yoniinde, pozisyon geregi 1st girdisi daha yogun bir
sekilde olusmustur. Makro fotograflar incelendiginde,
asagidan yukari kaynak pozisyonlarinda daha fazla
niifuziyet derinligi ve ITAB genisliginin olustugu
goriilmiistiir.

Makroyapi fotograflar1 genel olarak degerlendirildiginde
benzerlikler arz etmektedir. Is1 girdisi miktarina bagh
olarak kaynakli bdlgenin ve tanelerin gorintiileri de
degismektedir. Is1 girdisi miktarinin yogun oldugu
birlestirmelerde siitunsal tanelerin daha belirgin ve kaba

oldugu, ITAB’larin daha genis oldugu yine
fotograflardan goriilebilmektedir. Kaynak metalinde
ergime ve katilasmanin etkisiyle asikiiler ferrit

olusumunun artmasi sonucu tane yapisi da incelmektedir.
Atgs soguma siiresinin artmasiyla asikiiler ferrit miktari
da artis gostermektedir. Is1 girdisinin artmasi At8/5
soguma siiresini arttirmakta, buna bagh olarak yapidaki
asikiiler ferrit oram da artig gostermektedir. Bu durum
kaynak metali tane yapisinin daha ince bir sekilde
olusmasina neden olmaktadir [32].

4. SONUC (CONCLUSION)

API 5L X65 kalitesinde ince taneli yapi geliginin Taguchi
metodundan faydalanilarak elde edilen parametreler ile
birlestirilmesiyle elde edilen sonuglar asagida verilmistir.

v ISO 5817 standardina uygun olarak Kabul Seviyesi
C’de gergeklestirilen degerlendirmelere gore; 2 ve 4
numarali deneylerde diisitk amper degerleri nedeniyle
yetersiz ergime hatasi tespit edilmis, bu nedenle s6z
konusu  deneylerde  kaynakli  birlestirmeler
reddedilmigtir.

v Diisiik amper degerleri ile elde edilen numuneler
haricindeki bazi birlestirmelerde ise gdzenek ve cliruf
kalintisina rastlanmus, fakat s6z konusu siireksizlikler
kabul kriterlerine gore hata boyutunda olmadig1 icin
ilgili deneyler kabul edilmistir.
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v Bazik elektrod ile yukaridan agagi pozisyonda en
diisiik amper degerleri ile gergeklestirilen deneyler (2
ve 4 numarali birlestirmeler) sonucu elde edilen
numunelerin radyografik incelenmesinde yetersiz
ergime, birlesme noksanligi gibi hatalarin olustugu
gozlemlenmistir. Ayrica bu birlestirmelerde yeterli
niifuziyetin saglanamadig1 goriilmiistiir.

v' Bazik elektrod ile yukaridan asagi yapilan
birlestirmelerde en diisiik akim siddeti degerlerinde
birlestirilen numunelerde (2 ve 4 numarali
birlestirmeler) 1s1 girdisinin yeterli miktarda
olmamasi sonucu yeterli ergime olusmamis ve
birlesme eksikligi goriillmistiir. Diger
birlestirmelerde tam niifuziyet elde edilmis ve
herhangi bir kaynak hatasina rastlanilmamustir.

v' Makroyapt goriintiilerinin  tlimiinde 1sinin  tesiri
altindaki bolge (ITAB), kaynak metali ve bolgesel
sinirlar net bir sekilde gorilldigii ve kaynak metali
tanelerinin 1s1 akis yoniine ters yonde, ana metal
sinirlarindan  kaynak metali merkezine dogru
yonlendigi tespit edilmistir.

v’ Niifuziyet derinligi ve ITAB genisligi, malzemeye
uygulanan kaynak yonii - elektrod tirli ve akim
siddetinin bir neticesi olan 1s1 girdisine bagli olmak
iizere degisiklik gdstermistir.

v' Diger parametreler sabit tutularak elektrod tiiriinde
degisiklige gidilmesi 1s1 girdisinde bariz bir
degisiklige neden olmamakla birlikte kaynak
yoniiniin  degistirilmesi kaynak hiz1 sebebiyle
birlestirmelere uygulanilan 1s1 girdisini 6nemli bir
sekilde etkilemistir. Asagidan yukar1 kaynak
yoniinde, pozisyon geregi kaynak hizi ¢ok az da olsa
yavasladigindan daha genis bir niifuziyet derinligi ve
ITAB genisliginin olustugu goriilmiistiir.

v' Isi girdisi miktarinin artigiyla birlikte birlestirmelerde
slitunsal tanelerin daha kaba ve belirgin, ITAB’larin
daha genis oldugu goriilmiistiir.
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ABSTRACT

Flood and stream induced scour occurring in bridge piers located on rivers is one of the mostly observed failure reasons in bridges.
Scour induced failure risk in bridges and determination of the alterations in bridge safety under seismic effects has the ultimate
importance. Thus, for the determination of bridge safety under the scour effects, the scour amount under bridge piers should be
designated realistically and updated with continuous monitoring. In this study, in order to measure the amount of scour in bridge
piers unmanned aerial system (UAS) based measurement methods were implemented. UAS based measurement systems provide
new and practical approach and bring high precision and reliable solutions considering recent measurement systems. For this
purpose, the reinforced concrete (RC) bridge that is located on Antalya Bogacay1 River, Turkey and that failed in 2003 due to
flood-induced scour was selected as the case study. The amount of scour occurred in bridge piers was determined realistically, and
the behavior of bridge under scour effects was investigated. In the light of the attained scour measurements and expected scour
after a probable flood event, the behavior of scour induced RC bridge was determined by pushover analyses under seismic loadings.
In the analyses, the load and displacement capacity of bridge was observed to diminish significantly under expected scour.
Regarding the case study, UAS based and continuously updated bridge performance evaluation system was developed that could
be used for bridges located on the riverbed.

Anahtar Kelimeler: UAS, scour, bridge, performance.

Oyulma Etkisindeki Kopriilerin IHS Esasli Olciimlerle
Performans Degerlendirmesi

0z

Nehir iizerinde bulunan koprii ayaklarinda olusan tagskin ve akis kaynakli oyulma kopriilerde ¢okca gdzlemlenen gdgme
nedenlerinden biridir. Kopriilerde oyulma kaynakli go¢me riski ve sismik etkiler altinda koprii giivenliginin degisimlerinin
belirlenmesi biiyiik 6neme sahiptir. Bu nedenle, oyulma etkileri atlinda koprii glivenliginin belirlenmesi i¢in koprii ayaklari
altindaki oyulma miktarinin ger¢ekei olarak belirlenmesi ve siirekli olarak izlenip giincellenmesi gereklidir. Bu ¢aligmada, kdprii
ayaklarmdaki oyulma miktarinin 8lgiilmesi icin insansiz hava sistemi (IHS) tabanl &lgiim yontemleri uygulanmustir. THS tabanli
Ol¢lim sistemleri yeni ve pratik bir yaklagim saglamakta ve giliniimiiz 6l¢lim sistemleri diisiiniildiigiinde yiiksek dogrulukta ve
gercekei ¢oziimler getirmektedir. Bu amagla, Antalya Bogagay1 Nehri {izerinde bulunan ve 2003 yilinda tagkin kaynakli oyulma
nedeniyle gégmiis betonarme (BA) koprii durum ¢aligsmasi olarak secilmistir. Koprii ayaklarinda olusan oyulma miktari gergekei
olarak belirlenmis ve oyulma etkileri altinda kdprii davranisi incelenmistir. Elde edilen oyulma 6lgiimleri ve olasi tagkin sonucu
beklenen oyulma 15181nda, oyulma etkisi altindaki BA kopriiniin davranisi sismik yliklemeler altinda itme analizi ile belirlenmistir.
Analizlerde kdpriiniin yiik ve yer degistirme kapasitesinin beklenen oyulma altinda belirgin olarak azaldig1 gézlemlenmistir. Durum
caligmasina iliskin olarak, THS tabanli ve siirekli olarak giincellenen ve nehir yataginda bulunan képriiler icin kullanilabilecek
performans belirleme sistemi gelistirilmistir.

Anahtar Kelimeler: iHS, oyulma, képrii, performans.

1. INTRODUCTION

The vulnerability and consequent risk of RC bridges
located on riverbeds under natural hazards such as
stream/flood induced scour and earthquake has the
ultimate importance for design and assessment. While
scouring in bridge substructures constitutes a substantial
part of major failure mechanisms observed in bridges [1,
2], pier scour measurements should be continuously
implemented and updated accordingly. Thus, in

*Sorumlu yazar (Corresponding Author)
e-posta : ozcanork @itu.edu.tr

performance evaluation of RC bridges, scour depth at
piers and piles should be accurately measured in order for
more reliable bridge evaluation. There has been put much
effort in developing methods for field scour
measurements to assess current bridge condition or to
forecast future behavior. In this respect, sonar [3] and
ground-penetrating radar (GPR) [4] based measurement
methods were implemented. In addition, pier scour depth
was acquired by monitoring the change in bridge
vibration characteristics by mounting accelerometers on
bridges [5]. Radio frequency identification (RFID)
method was utilized to measure instantaneous scour
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depth while locating sensors on bridge piers [6].
However, the aforementioned methods have drawbacks
of either being impractical or having high installation
costs as compared to direct field measurement methods.
Unmanned aerial vehicles (UAVs) have been utilized for
flood analysis [7, 8], to the contrary, no UAS based scour
measurement techniques were encountered in previous
studies.

In the previous studies conducted in scour monitoring
research field, the need of special equipment such as
sonar, GPR, accelerometer, RFID highly increased the
measurement costs and thus impeded the continuous
tracking of scouring at bridge piers. Thus, by using the
UAS measurement methods, the implementation time
and measurement costs were monitored to decrease
substantially.

In former studies, three-dimensional (3D) dense point-
cloud generation workflows were investigated by UAV
derived aerial imagery and accuracy analyses were
substantiated via independent digital surface models
(DSMs) as well as dataset of verification points. Herein,
the accuracies obtained by Structure from Motion (SfM)
technique were demonstrated to be comparable to
traditional  high-resolution  topographical  survey
methods. The accuracy of the implemented SfM
technique via UAV derived images was investigated for
the regions having different geomorphic properties [9,
10]. In vast terrains, regarding UAV imagery based on
SfM point clouds, the results of the studies were directed
towards redetermination of changing topography and
applications were compared with the outputs of high-
resolution data acquisition techniques (Table 1).
Terrestrial laser scanning (TLS) was used to map 80 m
height cliffs and the accuracy of the DSM was
determined to be lower than 0.5 m for 86% of the area
[11]. The erosion rate was investigated using the DSM
time series while comparing SfM and TLS data and the
root mean square (RMS) error was 0.07 [12] and
maximum deviation was determined as 0.1 min a similar
study [13]. In riverbed system, SfM and aerial LIDAR
data were compared and the average variation between
the regenerated topography by two different methods was
indicated as 0.6 m [14].

Cirque glaciers were investigated by evaluating UAV-
SfM data with the measured points with tachometric
survey and vertical RMS error was 0.52 m while the
lands with low plant cover the error was 0.2 m [15].
Direct referencing the point clouds that were derived by
the UAV on which global navigation satellite system
(GNSS) sensor was located and referencing by ground
control points (GCPs) were compared and the horizontal
accuracy of GCP derived orthomosaic images were
observed to enhance 5 to 10 times [16]. In addition, the
collocation of UAV and SfM algorithm was proposed to
designate sub-decimeter variations [17]. In addition to
nadir photos, the DSM generated by adding the oblique
images in SfM algorithm was compared with GCPs and
accuracies were obtained in a range between 0.001-0.083
m, 0.04-0.06 m in horizontal and vertical directions,

respectively. The utilization of UAV and SfM derived
orthomosaic images and DSMs were demonstrated in
order to determine landslide induced relative surface
displacements [18].

Table 1. UAV-SfM based researches and accuracies.

Ref. | Data Method Accuracy Geo.
set Ref.
[11] | UAV- SfM-DSM 86% of area, Manual
TLS difference 0.3-0.5m
[12] | UAV- SfM-DSM Vertical Manual
TLS difference RMSE 0.07 m
[13] | UAV- SfM-DSM Max. standard | N/A
TLS difference dev.0.1m
[14] | UAV- SfM-DSM Average Manual
ALS difference difference 0.6
m
[15] | UAV- SfM- Vertical Manual
Total Verification | RMSE 0.52 m
Station Points
[16] | UAV- SfM- Average GCP
DGPS Verification | absolute
Points horizontal
accuracy 0.10-
0.13m
[16] | UAV- SfM- Average Direct
Internal | Verification | absolute
GPS Points horizontal
accuracy 0.66-
1.25m
[17] | UAV- SfM- Horizontal GCP
SftM Verification | RMSE 0.001-
Points 0.083 m,
Vertical
RMSE 0.04-
0.06 m
[19] | RTK- SfM-DSM Average GCP
GPS Difference- | absolute
Verification | difference
Points 0.074 m
[20] | UAV- SfM-DSM Average Direct,
SfM- Difference- | absolute GCP
LIDAR | Verification | difference
Points 0.04 m
[21] | UAV- SfM-DSM Standard GCP
TLS Difference- | deviation
Verification | 0.61-1.26 cm
Points

The accuracy of 3D topographical modeling was shown
to be dependent on the used software to run SfM
algorithm by comparing the reference real time kinematic
(RTK) and GNSS data [19-21]. Along with the
aforementioned studies, for modeling of river bathymetry
by UAVs, the bathymetric data acquired from high-
resolution images at shallow water were verified with
real data and high correlation was obtained [22]. Since
the complicated behavior of the bridges under scouring
entailed that to be one of the most active research topics
in engineering, most of the conducted research covered
model generation studies related to local scour behavior.
The recent researches revealed scour to be one of the
main reasons responsible for the bridge failure. Within
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this context, the behavior of scour influenced laterally
loaded pile groups was determined by analytical studies
and the lateral capacity of the pile groups were observed
to increase and the maximum internal forces decrease
with increasing scour depth. In addition, river bridges
exposed to scour were modeled and the effect of bridge
substructure capacity on bridge performance was
assessed [23].

2. MATERIAL and METHOD

In order to acquire the lateral performance of bridges,
many methods were implemented by means of basic
beam and finite element modeling. Since most of the
conducted research in this field focused on the column
performances, the researches on scouring and earthquake
performance of bridges with pile foundations gains
currency in multi-disciplinary research fields. In
thisregard, although the use of UAS technology is
increasing in many research fields, there were no
research conducted in order to investigate the RC bridge
substructures with UAS data. Herein, the scour depths at
bridge piles was determined by UAS based
measurements at shallow and clear water. The
implemented UAS based scour monitoring method
provided input data for performance assessment analyses
of bridges while ensuring a fast, easy to implement and
economic measurement method as compared to previous
methods based on sonar, GPR, RFID and accelerometer
Sensors.

In this study, the DSM of the riverbed including the
bridge and the scour depths at bridge substructures (piles
and piers) were measured in 3Ds by UAS. In order to
determine the variations in river topography, SfM
technique was implemented while using the difference
between DSMs that were obtained at different time
intervals. The model of 3D structures such as bridges was
generated using motion data integrated 2D image clusters
in SfM technique. Herein, model geometry, position and
orientation data were solved simultaneously and
automatically. In order to find the relation between the
images, the sensed features such as corners and sides was
monitored from one image to another. Then, the feature
trajectories were used for estimating the 3D location of
the object and camera movement. Thus, the orthophotos
and DSMs that were obtained by data acquisition
methods were generated based on SfM algorithm.

The four fundamental steps in SfM can be specified as:
(a) Bundle adjustment in which common nodes on
overlapping photos were determined and matched in
order to calculate camera parameters for the correction of
each photo and camera calibration parameters. (b) For
generation of dense point cloud, the node locations were
calculated by specified camera locations and photos by
using the stereo photogrammetric equations. (c) 3D
polygon mesh model was generated while representing
surface depending on the dense point cloud. (d)
Regenerated mesh model was used for orthophoto
generation in which DSM was calculated by interpolating

irregular polygon mesh model onto regular grids (Figure
1).

High-Res. UAV aerial photos
w/ Manual field scour 4 FIELD STUDY
measurements
Photo correction MODEL
Dense point cloud generation GENERATION
Mesh model generation (Pix4D)
Referencing point cloud and
mesh models REARRANGEMENT
Accuracy analysis (MeshLab/VisualSFM)

v

Color differences

VISUALIZATION

Transparency adjustment (Autodesk3D)
Change analysis —  POINT CLOUD
Cross-section generation COMPARISON

Scour depth measurement (CloudCompare)

v

Bridge performance assessment

BRIDGE ANALYSIS
(SAP2000)

Figure 1. Workflow of UAS.

Therefore, the DSMs and orthophotos that were acquired
using UAS based field measurements were calculated
using SfM algorithm.  Considering the UAS
configuration, probable large-scale deformations in
generated DSMs were reduced by manual field
measurements. The frontal and lateral overlapping ratios
in direction of motion and in between flight routes for
aerial photos taken at surfaces covered with sand or
having shallow water with low visual contents were
determined as at least 85 and 70%, respectively. High-
resolution aerial photos over the riverbed were obtained
from nadir view at 70 m flight height. Moreover, for
scour depth analysis, the scour depth under bridge piers
was derived by obligue view (adjusting the camera angle
to 45°) during the flight and the 3D model of the surface
along bridge piers was obtained by manual designation
of the flight heights such that photos could be taken at
each view of the bridge with varying camera angles. The
ground sampling distance (GSD) was used as 1 to 2
cm/pixel for the flights performed at these altitudes. In
addition, the flight speed was reduced in order to provide
more proper overlapping. Hereby, the acquired high-
resolution orthophotos and dense point clouds were used
to measure scour depths at bridge piers. The concordant
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studies demonstrated that the measurements taken at
shallow and clear water had a high correlation with the
manual measurements [22].

As shown in the workflow (Figure 1), the images
obtained from UAVs during the field study were
processed, 3D dense point clouds were generated and
high-resolution DSMs were constituted in model
generation part. The rearrangement part constituted
reorganization and referencing of the generated 3D dense
point cloud and the mesh models. Herein, the subsisting
artifacts were removed and the model was rearranged by
open source software VisualSFM using SfM algorithm.
In 3D data processing, volumetric calculations from
closed mesh models or triangulated irregular network
(TIN) for eroded geomorphology, which generally
comprised open and hollow landforms, the generated
mesh structure was transformed into closed mesh model
by placing a plane on the mesh model [21]. The mesh
models acquired at different dates were referenced to
each other by applying 3D rotation matrix using open
source software (MeshLab and VisualSFM). In order to
minimize the resolution differences, the scale of SfM
generated point clouds were reduced and resampled
according to the data with the lowest resolution. After the
visualization section in which color difference and
transparency adjustments were considered, variation
analysis was conducted by point cloud comparison using
the CloudCompare software. Hereby, the diachronic
generation of high-resolution DSMs for the same regions
provided monitoring and mapping of erosion and
accumulation, calculating the volumetric variation in
time and designating sediment supply. The erosion and
accumulation were acquired by calculating the difference
between the DSMs that were obtained from the last and
first measurements. The seasonal trend of morphological
variation was monitored by the variation analysis in
which the difference between DSMs obtained at different
time intervals was taken into account. This difference in
time intervals was shown as a backward arrow in the
workflow. Afterwards, bridge performance assessment
was conducted for measured scour depths at each bridge
pier and pile. Herein, the 3D structural finite element
model (FEM) of the bridge was generated by using
design drawings and local soil conditions. The bridge
performance under UAS-measured scour was determined
by means of lateral pushover analysis.

2.1. Case Study — Antalya Bogac¢ayi Bridge

The UAS based assessment method was applied to
Bogagay1 Bridge located on Bogagay1 River in Antalya
Province, Turkey (Figure 2). The bridge spans were 20.3
m long between 14 piers including two abutments at the
ends. Each pier had three 2.8 m tall columns with 1x2 m
cross-section that were aligned such that the weak axis of
the columns was parallel to the longitudinal axis of the
bridge. The abutments had cross-section dimensions of
1.2x14 m having the same height as the piers. The piers
and abutments were connected to a strong pile cap
(3x15x1.5 m) that consisted 12 m long and 1 m diameter
piles.

30

25

20

15

Elevation (m)

10

Figure 2. The Study Region — Bogagay1 Bridge.

Besides, there were pier caps and elastomeric bearings at
the top of each pier cap that supported eight girders
spanning through the bridge. As the current bridge
condition, which was directly taken from the project
drawings, the sand layer was present at the top of each
pile cap and a limestone layer was found down to 5.5 m
measured from the top of pile cap. Remaining layers
beneath that level consisted sand layers. UAS based
measurement method was directly applied to the bridge
in a seasonal manner and the bridge cross-section data in
longitudinal and transverse directions were used to
monitor scour depths. Thus, scour depth and related
parameters such as the bridge substructure condition
related to the scour amount and consequent bridge
performance was directly assessed.

3. RESULTS

In the first part of the study, a dense point cloud of the
study region was acquired by using UAS derived high-
resolution aerial photos as shown in Figure 2. Herein, it
can be implied that during the summer season when the
surface runoff was the minimum, clearest scour
measurements were obtained. Since there was almost no
stream in the river, the misleading results due to the
refraction of light were minimized. The reliability of the
acquired results was controlled via comparing with
manual field measurements during which the field
observations matched well with the UAV measurements
(Figure 3). During the first measurements that were taken
after the current condition in fall and spring seasons (Oct.
and May), approximately 1.0 m of scouring relative to the
current condition was monitored at the bottom of seventh
and the eighth piers. The following seasonal
measurements taken in summer season (July) denoted a
scour depth of 2.2 m and the following measurements in
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fall season indicated close scour depths (Figure 4). As
can be observed from the transverse cross-sections were
taken along all piers, the scour was concentrated on the
seventh and the eighth piers through which the river was
generally streaming.

obtained from the performance analyses implied that the
increase in scour depths had almost no significant
influence on the bridge lateral and longitudinal
performance until the scouring reached the top of pile
caps. Thus, the performance analysis was repeated for

additional scour depths of 4.95 and 7.45 m below current
soil altitude. As the scour reached the limestone layers,
the bridge performance in lateral direction was observed
to diminish drastically; however, no significant influence
was recorded in the longitudinal direction (Figures 5a and
5b). This phenomenon was attributed to change of failure
type in direction. Herein, there were no hinges formed in
the piles in longitudinal direction whereas in the
transverse direction the failure formed by hinging at the
piles that were exposed to scour.

4. DISCUSSION AND CONCLUSION

Figure 3. Seasonal changes of the study region in (a) fall, (b)
winter, (c) spring and (d) summer.

At the other pier locations where the riverbed had almost
no water flow during the year, the amount of scour was
monitored to be approximately constant. Herein, for
modeling of the bridge, SAP2000 program inputs were
automatically generated with regard to the measured
scour depths that were considered as an input for the
following performance analysis.

The UAS based bridge tracking system was generated
and implemented at a bridge located at Bogacay1 River in
Antalya Province, Turkey as a case study. The proposed
method was observed to measure the scour depths
realistically and very close to the manual measurements
obtained in the field study. The transverse cross-sections
along bridge piers were tracked seasonally by UAV
flights. The measured scour depths were used
automatically in the structural model generation and
consequently in seasonal performance assessment of the
bridge.

The SAP2000 input files were created in .s2k format by
an algorithm that was generated in MatLab programming
language. Herein, by using the scour measurements by
means of the UAS, the output file was generated that
included the scoured soil levels at pier locations (Figure
1). The locations of the pier and piles are fixed.
Therefore, only the properties of the nonlinear link
elements, which were assigned to the piles at several
heights, were changed. Subsequently, the structural

Oct. 2016 Mar. 2017
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May 2017 July 2017

60

Elevation (m)
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Figure 4. Seasonal changes in (a) transverse and (b) longitudinal cross-sections.

Thus, considering the results of each measurement, a new
performance analysis was conducted. The results
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system was reconstituted by SAP2000 regarding the
different scoured soil depths. For the performance
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analysis, the pushover curves were acquired by using
SAP2000 nonlinear static analysis option. Since the
primary goal of this research was to assess the
functionality of the UAS based scour monitoring system,
earthquake or flood based evaluation methods were not
implemented.
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Figure 5. Bridge lateral capacity curves in (a) longitudinal and
(b) transverse direction.

The amount of scour was monitored more successfully in
the summer season when the surface runoff was the
minimum and the misleading results due to light
refraction were reduced. The maximum amount of scour
was observed at the middle piers through which the river
was streaming. Herein, for the bridge under investigation,
the lateral performance was observed to diminish with
the increase in scour depths beyond the pile cap.
However, there was almost no influence on the
performance in the longitudinal direction. Since the
failure initiated with plastic hinging in the piers instead
of the piles in the longitudinal direction, there were no
performance change in longitudinal direction. However,
since the bridge failed with plastic hinging at the pile
critical locations, the scour depth was observed to have a
significant effect on bridge transverse capacity. Thus, it
can be inferred that the UAS based bridge tracking
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system can be successfully used for bridges constructed
at deep valleys and at the rivers having several soil layers.

ACKNOWLEDGEMENT

The author would like to thank Assoc. Prof. Dr. Okan
OZCAN for his valuable advise on modeling issues and
constructive recommendations on various technical
issues examined in this study.

REFERENCES

[1] Prendergast, L.J., Gavin, K., “A Review or Bridge Scour
Monitoring Techniques” Journal of Rock Mechanics
and Geotechnical Eng., 6: 138-149, (2014).

[2] Fisher, M., Chowdury, M.N., Khan, A.A., Atamtiirktiir,
S., “An Evaluation of Scour Measurement Devices”,
Flow Measurement and Instrumentation, 33: 55-67,
(2013).

[3] DeFalco, F., Mele, R., “The Monitoring of Bridges for
Scour by Sonar and Sedimetri”, NDT&E International,
35: 55-67, (2002).

[4] Burrell, J., Gurrola, H., Mickus, K., “Frequency Domain
Electromanetic and Ground Penetrating Radar
Investigation of Ephemeral Streams: Case Study near the
Southern High Plains, Texas”, Environmental Geology,
55: 1169-1179, (2008).

[5] Prendergast, L.J., Hester, D., Gavin, K., O’Sullivan, J.J.,
“An Investigation of the Changes in Natural Frequency of
a Pile Affected by Scour”, Journal of Sound and
Vibration, 332: 6685-6702, (2013).

[6] Ibrahimy, M.I., Motakabber, S.M.A., “Bridge Scour
Monitoring by Coupling Factor between Reader and Tag
Antennas of RFID System”, International J. of
Geomate, 8(16): 1328-1332, (2015).

[7] Tamminga, A.D., Eaton, B.C., Hugenholtz, C.H., “UAS
Based Remote Sensing of Fluvial Change Following an
Extreme Flood Event”, Earth Surface of Processes &
Landforms, 40: 1464-1476, (2015).

[8] Jaud, M., “Potential for UAVs for Monitoring Mudflat
Morphodynamics: Application to Seine Estuary, France”,
ISPRS International Journal of Geo-Information, 5:
50-55, (2016).

[9] Javernick, L., Brasington, J., Caruso, B., “Modeling the
Topography of Shallow Braided Rivers using Structure -
from - Motion Photogrammetry”, Geomorphology, 213:
166-182, (2014).

[10] Verhoeven, G., Doneus, M., Briese, C., Vermeulen, F.,
“Mapping by Matching: A Computer Vision-Based
Approach to Fast and Accurate Georeferencing of
Archeological Aerial Photographs”, J. of Archeological
Sci., 39: 2060-2070, (2012).

[11] Westoby, M.J., Brasington, J., Glasser, N.F., Hambrey,
M.J., Reynolds, JM.,  “Structure-from-Motion
Photogrammetry: A Low Cost Effective Tool for
Geoscience Applications”, Geomorphology, 179: 300-
314, (2012).

[12] James, R.M., Robson, S.,  “Straightforward
Reconstruction of 3D Surfaces and Topography with a

Camera: Accuracy and Geoscience Application”, J. of
Geophysical Research, 117: (2012).



PERFORMANCE EVALUATION OF BRIDGES UNDER SCOUR BY UAS BASETD MEASURE ... Politeknik Dergisi, 2019; 22 (2) : 385-391

[13]

[14]

[15]

[16]

[17]

Obanawa, H., Hayakawa, Y., Saito, H., Gomez, C.,
“Comparisons of DSMs Derived from UAV-SfM Method
and Terrestrial Laser Scanning”, Journal of the Japan
Society of Photogrammetry and Remote Sensing, 53:
67-74, (2014).

Fonstad, M.A., Dietrich, J.T., Courville, B.C. Jensen,
J.L., Carbonneau, P.E., “Topographic Structure from
Motion: A New Development in Photogrammetric
Measurement”, Earth  Surface Processes and
Landforms, 38: 421-430, (2013).

Tonkin, T.N., Midgley, N.G., Graham, D.J., Labadz, J.C.,
“The Potential of Small Unmanned Aircraft Systems and
Structure-from-Motion for Topographic Surveys: A Test
of Emerging Integrated Approaches for Cwm Idwal,
North Wales”, Geomorphology, 225: 35-43, (2014).

Turner, D., Lucieer, A., Watson, C., “An Automated
Technique for Generating Georectified Mosaics from
Ultrahigh Resolution Unmanned Aerial Vehicle (UAV)
Imagery based on Structure from Motion (SfM) Point
Clouds”, Remote Sensing, 4: 1392-1410, (2012).

Harwin, S., Lucieer, A., “Accessing the Accuracy of
Georeferenced Point Clouds Reduced via Multi-view
Stereopsis from Unmanned Aerial Vehicle Imagery”,
Remote Sensing, 4: 1573-1599, (2012).

391

(18]

[19]

[20]

[21]

[22]

[23]

Lucieer, A., Delong, S.M., Turner, D., “Mapping
Landslide Displacements using Structure from Motion
(SfM) and Image Correlation of Multi-Temporal UAV
Photography”, Progress in Physical Geography, 38: 97-
116, (2014).

Quedraogo, M.M., Degre, A., Debouche, C., Lisein, J.,
“An Evaluation of Unmanned Aerial System based
Photogrammetry and Terrestrial Laser Scanning to
Generate DEMs of  Agricultural ~ Watersheds”
Geomorphology, 214: 339-355, (2014).

Clapuyt, F., “Reproducibility of UAV-based Earth
Topography Reconstructions based on Structure from
Motion Algorithms”, Geomorphology, 260: 4-15, (2016).

Kaiser, A., Neugirg, F., Rock, G., Miiller, C., Haas, F.,
Ries, J., Schmidt, J., “Small Scale Surface Reconstruction
and Volume Calculation of Soil Erosion in Complex
Moroccan Gully Morphology using SfM”, Remote
Sensing, 6: 7050-7080, (2014).

Flener, C., “Calibrating Deep Water Radiance in Shallow
Water: Adapting Optical Bathymetry Modeling to
Shallow River Environments”, Boreal Environmental
Research, 18: 488-502, (2013).

Lin, C., Bennett, C., Han, J., Parsons, R.L., “Scour Effects
on the Response of Laterally Loaded Piles considering
Stress History of Sand”, Computational Geotechnics, 37:
1008-1014, (2010).



POLITEKNIK DERGISI

Journal of Polytechnic JOURNAL of POLYTECHNIC
POLITEKNIK
DERGISi
TE A,
OF‘Nh M“{."&
EMERGING ™
SOURCES
ISSN: 1302-0900 (PRINT), ISSN: 2147-9429 (ONLINE) CITATION
@) oazi niversiresi URL: http://dergipark.gov.tr/politeknik U

NDEXE®

Elektron demet ile 1sinlanmis PTCDA arayiizey
tabakali Au/PTCDA/n-Si diyotlarin elektriksel
ozellikleri

The electrical properties of Au/PTCDA/n-Si
diodes with electron beam irradiated PTCDA
interfacial layer

Yazar (Author): Umut AYDEMIR

ORCID: 0000-0001-5396-4610

Bu makaleye su sekilde atifta bulunabilirsiniz(To cite to this article): Aydemir U., “Elektron demet ile
1sinlanmis PTCDA araylizey tabakali Au/PTCDA/n-Si diyotlarin elektriksel ozellikleri”, Politeknik Dergisi,
22(2): 393-398, (2019).

Erisim linki (To link to this article): http://dergipark.gov.tr/politeknik/archive

DOI: 10.2339/politeknik.417761


http://dergipark.gov.tr/politeknik
http://dergipark.gov.tr/politeknik/archive

Politeknik Dergisi, 2019; 22(2) :393-398 Journal of Polytechnic, 2019; 22 (2) :393-398

Elektron Demet ile Isinlanmis PTCDA Araylizey
Tabakalit Au/PTCDA/n-S1 Diyotlarin Elektriksel
Ozellikleri
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oz

Bu caligmada, geleneksel Au/n-Si Schottky Diyotlarin (SDs) aygit performansinin igmlanmis PTCDA arayiizey tabakasi
kullanilarak yenilik¢i bir yaklasimla iyilestirilmesi amaglanmistir. Bu nedenle ilk olarak PTCDA tozlar1 30kGy, 60kGy ve 100kGy
farkl elektron demet (E-Demet) dozlarinda isinlanmistir ve sonuglar FTIR yontemi ile analiz edilmistir. Isinlanmamig ve 1ginlanmig
PTCDA tozlar1 n-Si alttas lizerine organik buharlastirma sisteminde kaplanmustir. Farkli dozlarda E-Demet ile 1simlanmis ve
isinlanmamis PTCDA araylizey tabakali Au/PTCDA/n-Si SD’larin Akim-Gerilim (I-V) karakteristikleri +3V arasinda oda
sicakliginda gergeklestirilmistir. Aygitlarin idealite faktorii(n), Schottky engel yiiksekligi (@so), dogrultma orani (DO), seri direng
(Rs) ve Sont direnci (Rsh) parametreleri I-V sonuglarindan hesaplanarak elde edilmistir. 30 kGy 1sinlanms PTCDA arayiizey
tabakali Au/PTCDA/n-Si SD aygit performansinin 1iginlanmamig PTCDA arayiizey tabakali Au/PTCDA/n-Si SD’a gore daha iyi
oldugu deneysel olarak gozlenmistir. Au/PTCDA/n-Si SD’un I-V karakteristiklerinin 1gimlama ile oldukga etkilendigi ve uygun
1sinlama dozu ile aygit performansinin artirllabilecegi gdzlemlenmistir.
Anahtar Kelimeler: Au/PTCDA/Nn-Si, PTCDA arayiizey tabakasi, Schottky diyotlar, E-Demet 1sinlama.

The Electrical Properties of Au/PTCDA/n-Si Diodes
with Electron Beam Irradiated PTCDA Interfacial
Layer

ABSTRACT

In this work, it is aimed to improve the device performance of traditional Au / n-Si Schottky Diodes (SDs) with an innovative
approach using the irradiated PTCDA interfacial layer. For this reason, first PTCDA powders were irradiated with different electron
beam (E-Beam) doses of 30kGy, 60kGy and 100kGy and the results were analyzed by FTIR method.
Unirradiated and irradiated PTCDA powders with E-Beam were evaporated on n-Si substrate via organic evaporator. Current-
Voltage (I-V) characteristics of unirradiated and irradiated Au/PTCDA/n-Si SDs with PTCDA interfacial layers irradiated with
different E-Beam doses of 30kGy, 60kGy and 100kGy were carried out between £3V at room temperature. The ideality factor (n),
Schottky barrier height (®so), rectification ratio (DO), series resistance (Rs) and shunt resistance (Rsh) of devices were calculated
from current-voltage (I-V) results. It is experimentally seen that performance of Au/PTCDA/n-Si SD irradiated with 30 kGy has
better results when we compared unirradiated Au/PTCDA/n-Si SD. It has been observed that the |-V characteristics of the
Au/PTCDA/n-Si SD are highly influenced by irradiation and the device performance can be improved with appropriate irradiation
dose.

Keywords: Au/PTCDA/n-Si, PTCDA interfacial layer, Schottky diodes, E-Beam irradiation.

. ozellikle farkli polimer arayiizey tabakasi kullanarak
L. GIRIS (INTRODUCTION) SDlarin elektriksel 6zellikle}r?niny modifiye edilmesine
Literatiirde Schottky Diyotlar (SD) arayiizey tabakasiz  dayanmaktadir [3-5]. Organik malzemelerin MY
metal/yariiletken (MY) aygitlar,  garayiizeyine yerlestirilmesi ile elde edilen MPY
metal/yalitkan/yariiletken MYY) V€ aygitlarin performanslari iizerine etkilerini inceleyen
metal/polimer/yariiletken (MPY) aygitlar olmak tizere [jteratiirde gok sayida yayin vardir. Bunlardan bazilarini
¢ok genis bigimde yer almaktadir [1-13]. Son yillarda ek verecek olursak; Aydemir ve arkadaslar1 PVA:Zn
polimer araylizey tabakali SD iizerine yapilan  kyllanarak [2], Cakar ve arkadaslari rhodamine-101
arastirmalar yogunlasmistir [2-13]. Ilk ¢alismalar MY yllanarak [6], Gupta ve Singh poly(aniline) kullanarak
arayiizeyinde organik arayiizey tabakast kullamlip 7], Kiligoglu ve arkadaglar tetraamide-I kullanarak [8],
kullamlamayacag1 iizerine iken buglin arastrmalar  Gilli ve Tiiriit phenolsulfonphthalein kullanarak [9],
Akkilig ve arkadaslari chitin kulanarak [10], Aydin ve
arkadaglar1 B-carotene kullanarak [11], Giilli ve

*Sorumlu Yazar (Corresponding Author)
e-posta : umutaydemir@uludag.edu.tr
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arkadaslar1 safranin T kullanarak [12], Kuo ve
arkadaglar1  Poly(3-hexylthiophene) [13] kullanarak
aragtirmalarini  yaymlamiglardir. Tiim bu yayinlarda
organik arayiizey tabakasi kullanimi aygit performansini
olumlu yonde etkiledigi  deneysel sonuglarla
desteklenerek rapor edilmistir. Polimer/yariiletken
tabanli bu tarz MPY c¢aligmalari, literatiirde organik alan
etkili transistor (OFET) [14,15] ve organik 151k yayan
diyot (OLED) [16,17] gibi aygitlarin aragtirmalarina 11k
tuttugu i¢in olduk¢a Onemlidir ve yaygin olarak
arastirilmaktadir.

Organik arayiizey tabakasi metal ve yariiletken arasinda
fiziksel bariyer olusturarak metal ile yariiletken
yiizeylerinin dogrudan birbirine temasini engelleyerek
yariiletken yiizeyindeki arayiizey tabakalarmin yeniden
diizenlenmesine ve yiik gecislerinin kontroliine yardime1
olur [2-13,18]. Boylelikle nanometre kalinliginda
organik arayiizey tabakasi kullanimi yiiksek kaliteli,
diigiik idealite faktorii, sizintt akimi, seri direng ve
araylizey durum yogunluguna sahip ve yiiksek sont
dirence sahip SD iiretimine olanak tanimaktadir. Organik
malzemelerin radyasyona kars1 oldukca hassas olmasi ve
1sinlamanin aygit performansi iizerine etkisi bir diger
onemli arastirma konusudur [19-22]. Literatiirde gnelikle
polimer arayiizey tabakali aygitlar iiretildikten sonra
radyasyona maruz birakilmis ve 1smlanan aygitin
elektriksel ozellikleri incelenmistir. Bu ¢alismanin ana
amact ise  polimer radyasyon  etkilesiminin
AU/PTCDA/n-Si SD elektriksel ozellikleri iizerine
etkilerinin arastirilmasidir. Bu nedenle, bu g¢alismada
literatiirden  farkli olarak PTCDA tozlari aygit
tiretilmeden Once elektron demet (E-Demet) 1sinlarina
maruz birakilmig ve geleneksel Au/n-Si SD modifiye
edilmistir. Fakli dozlarda E-Demet i1sinlarina maruz
birakilmig PTCDA tozlar organik buharlastirma sistemi
ile Au/n-Si arayiizeyine sandviglenerek idealite faktori,
Schottky bariyer yiiksekligi, sizint1 akimi, seri ve sont
diren¢ gibi ana elektriksel parametreleri Akim-Gerilim
(1-V) 6l¢iimlerinden hesaplanarak 1sinlanmamis PTCDA
arayilizey tabakali Au/PTCDA/n-Si SD sonuglari ile
kiyaslanmistir. Boylece yariiletken ve metal kontaklar E-
Demet 1ginlarindan izole edilmis ve sadece 1sinlamaya
maruz kalan PTCDA arayiizeyi ile elde edilen
Au/PTCDA/n-Si SD’un temel elektriksel O6zellikleri
incelenmistir. Ayrica, E-Demet ile i1smlanmis ve
isinlanmamis PTCDA numunelerinin FTIR sonuglari
yapisal analiz olarak tartisilmistir.

2. MATERYAL VE METOD (MATERIAL and
METHOD)

Arayiizey tabakasi olarak kullanilan toz PTCDA
(C24HgOg) Sigma Aldrich firmasindan tedarik edilmistir.
PTCDA tozlar ince film kaplamadan o6nce ILU-10
(1MeV) Elektron Demet Hizlandiricr ile 30, 60 ve 100
kGy dozlarda iginlanmistir. Ardindan 1ginlanmamis ve
1sinlanmig PTCDA toz numunelerin FTIR Ol¢limleri
Termo Scientific Nicolet 6700 FT-IR cihazi ile
gerceklestirildi.
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Ince film iiretimi icin kullanilan (100) yonelimli, P katkili
n-Si yariiletken alttag 3 asamali RCA temizleme
yontemiyle temizlendi. Alttagin arka ylizeyine komple
omik kontak yapmak {izere SN saflikta 150 nm kalinlikta
Au termal buharlagtirma sisteminde kaplandi ve 450 C de
birkag dakika tavlandi. Ardindan PTCDA tozlar
VAKSIS PVD Handy 40 model organik buharlastirici ile
n-Si alttag yiizeyine temiz odada 100-150 nm
kalinliklarinda kaplandig: profilometre ile gozlendi. Son
olarak 1ginlanmamis ve 1simnlanmig PTCDA film kapli Si
alttaslarin dogrultucu kontaklar1 1mm c¢apli maske
kullanilarak 100nm Au termal buharlagtirma sisteminde
kaplandi. Numuneler giimiis pasta yardim ile giimiis
kapli iletken tellere yapigtirilarak Au/PTCDA/n-Si
SD’lar elektriksel dl¢limlere hazir hale getirildi.

Isimnlanmis ve 1sinlanmamis PTCDA araylizey tabakali
AU/PTCDA/n-Si  aygitlarm  Akim-Gerilim  (I-V)
Olciimleri Keithley 2400 kaynak olger yardimiyla oda
sicakliginda  bilgisayar destekli Ol¢lim sisteminde
gerceklestirildi.

3. SONUCLAR VE TARTISMA (RESULTS AND
DISCUSSION)

Yapisal Karakterizasyon (Structural Characterization)
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Isinlanmis ve 1sinlanmamis PTCDA tozlarmin FTIR
gegcirgenlik sonuglari asagida Sekil 1°de verilmistir. Sekil
1°den goriilecegi gibi 1120-1145 cm* pikleri C-O uzama
titresimlerini isaret edebilir. Buna ragmen 1174-1732 cm-
1 pikleri ise C=O piklerinin gerilme titresimlerine
atfedilebilir. Elde edilen FTIR sonuglarma gore 100
kGy’e kadar E-Demet 1simnlamasi PTCDA’nin yapisin
bozmamistir ve pikler literatiir ile uyum icerisindedir
[23]. Sekil 1’e gore 1299,95 cm™’e karsilik gelen pikin
minimum degerleri 0, 30 kGy, 60 kGy ve 100 kGy i¢in
sirastyla 0,3814, 0,3468, 0,3971, 0,5308 olarak elde
edilmistir ve maksimum pik siddeti 30 kGy icin
gbzlenmistir. Benzer olarak 1755,12 cm™®’dalga sayisia
gelen titresim i¢in pik siddetleri 0, 30 kGy, 60 kGy ve
100 kGy sirasiyla 0,3746, 0,3419, 0,3907, 0,5233 olarak
elde edilmigtir. Buradaki karakteristik pik siddetlerinden
goriniiyor ki, 30 kGy i1sinlamaya maruz birakilan
PTCDA’ya ait FTIR piklerinin siddeti 1sinlanmamis
PTCDA’ya gore daha yiiksektir. Ancak 1sinlama dozu 60
kGy ve 100 kGy olarak yiikseldikge PTCDA ya ait FTIR
piklerinin siddeti uygulanan radyasyon dozu ile ters
orantili olarak azalmaya baglamaktadir.

Elektriksel Karakterizasyon (Electrical
Characterization)

Metal/Yariiletken (MY), Metal/Polimer/Yariiletken
(MPY) tipi Schottky diyotlarinda (SD) Akim-Gerilim (I-
V) iliskisi V>3kT/q i¢in termiyonik emisyon teorisine
(TE) gore agagidaki sekilde verilir [1].

=1, {exp( ?]:(/_lD_ j — 1} (1)

Burada Vp diyot lizerine diisen gerilim, n idealite faktord,
k Boltzmann sabiti, T Kelvin cinsinden sicaklik ve I, ise
ters doyum akimi olup

- -qo
I, =AA Tzexp(%j (2)

esitligi ile verilir. Burada ®g, metal ile yariiletken
arasinda olusan sifir beslem potansiyel engel yiiksekligi,
A diyodun dogrultucu kontak alani ve A™ etkin
Richardson sabiti olup degeri n-tipi Si igin 120 A.cm™?K-
2dir [1,2]. Buna gére Es.2, Es.1’de yerine yazilirsa;

. _q® qv
1= AA"T2exp| —92eo0 | | axp(dVoy _1 3
Xp( = ][ (- 2) } 3

sekline doniisiir. Ancak koseli parantez igindeki 1 rakami
iistel ifade yaninda oda sicakligi ve tstiindeki degerler
icin rahatlikla ihmal edilebilir. Buna ilave olarak, TE
teorisine gore idealite faktoriiniin 1 olmasi beklenir.
Ancak pratikte idealite faktorii, Ozellikle yalitkan
araylizey tabakanin kalinlig1 ve yasak enerji aralifinda
lokalize olan arayiizey durumlarinin yogunlugundan
(Nss) dolayr 1°den biiyiikk ¢ikmaktadir. Idealite
faktoriiniin birden bilyiilk olmas1 M/Y arasina kaplanan
PTCDA tabakasina, araylizey durumlarmin

biiyiikliigiine, Schottky engel alcalmasina, M/Y arasinda
olusan potansiyel engel yiiksekliginin homojensizligine
ve fabrikasyon sirasinda laboratuar ortaminda bulagan
muhtelif organiklerin varligina atfedilir [18-20,24].
Schottky diyotlarda logaritmik akimin (Lnl) gerilim (V)
gore grafiginin genelde lineer bir dogru olmasi beklenir.
Ancak deneysel sonuglardan goriildigi gibi yiiksek
gerilimlerde (V>1 V) seri direng (Rs) etkisinden dolay1
Lnl-V egrisinde ideal durumdan sapmalar olur, yani Rs
Lnl-V egrisinin biikiilmesine yol acar. Grafigin
dogrusalliktan saptig1 bolgede hem idealite faktorii 1°den
biliyiik olacak hem de lineer bolgenin daralmasindan
dolay1 hesaplamalarin giivenilirligi azalacaktir.

1e-1
1e-2
1e-3
<
£ 60 kGy
X
> Au/PTCDAIn-Si
led 100 kGy —— Iginlanmamig
—— 30 kGy
60 kGy
Isinlanmamais 100 kGy
1e-5 | 30 kGy
1e-6 . L . L
-3 -2 -1 0 1 2 3

Gerilim (V)

Sekil 2. Farkli dozlarda iginlanmis ve 1sinlanmamis PTCDA
arayiizey tabakali Au/PTCDA/n-Si  Schottky
diyotlarin I-V egrileri (I-V curves of Au/PTCDA/n-
Si Schottky diodes unirradiated and irradiated at
different doses of PTCDA interfacial layers)

Lineer bolge i¢in Es.1 ifadesinin Ln’i alinirsa,

Lnl = Lnl, + Vb (4)

nkT

seklinde bir dogru denklemi elde edilir. Farkli dozlarda
elektron demet (E-Demet) i1sinlarina maruz kalmis
PTCDA arayiizey tabakalt Au/PTCDA/n-Si SD’larin oda
sicakligindaki dogru ve ters on gerilim altindaki yari-
logaritmik Lnl-V egrisi Sekil 2°de verilmistir.

Sekil 2’de agikga goriildiigii gibi elektron demet
1ginlarina maruz birakilmis PTCDA organik araylizey
tabakali SD’un |-V sonuglarin1 etkilemistir. 30 kGy
1sinlama aygitin sizintt akiminda (V<0) azalmaya sebep
olurken, 1sinlama dozu 60 kGy artirildiginda ise sizinti
akimmin artmasina sebep oldugu goriilmektedir.
Maksimum 1sinlama dozu olan 100 kGy 1smlamada ise
aygitin sizint1 akiminin 60 kGy’e gore azaldig: fakat 30
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kGy 1smmlanmis ve i1smmlanmamis PTCDA araylizey
tabakali Au/PTCDA/n-Si SD’a gore hala yiiksek oldugu
gozlemlenmistir. Bunun yani sira dogru beslem (V>0)
sonuglarinda ise 60 kGy 1sinlanmig PTCDA arayiizey
tabakali Au/PTCDA/n-Si aygitin akim degerinde bir artig
gozlemlenirken 1ginlanmamis ve diger dozlarda
isinlanmis PTCDA kullanilarak elde edilen aygitlarin
akim egrileri birbirinden ayirt edilemeyecek kadar
yakindir. 60 kGy 1simnlanmis PTCDA arayiizey tabakali
Au/PTCDA/Nn-Si SD dogru beslemde en yiiksek akimi
gecirirken ters belsemde ise en fazla sizinti akim
gecirerek performansini kisitlamistir. Benzer sonuglar x-
1s1in1 radyasyonuna maruz birakilan anthraquinone/p-Si
ve pyridine/p-Si i¢in elde edilmis ve yaymlanmigtir [22].
Aygitin idealite faktorii n, Sekil 1°deki Lnl-V egrisinin
egiminden (tan©= q/nkT) yararlanilarak,

n=q/(kTtan0) 5)

lo doyma akimi degeri ise Lnl-V grafiginin lineer
bdlgesinin uzantisinin Lnl eksenini sifir gerilimde kestigi
noktadan elde edildi. lo, diyodun dogrultucu kontak alan1
(A) ve etkin Richardson sabiti (n-tipi Si i¢in 120 A.cm
2K-2) degerleri kullamlarak potansiyel engel yiiksekligi
(®B) Es.2’den yararlanilarak hesapland1 [1,2].
KT AA*T?
Dp(l-V) = F Ln(l—) (6)

Sonuglarin daha net anlasilabilmesi i¢in hesaplanan en
temel diyot parametrelerinden idealite faktorii ve engel
yiiksekligi Tablo 1’de verilmistir. Tablo 1’den agikca
gorildiigi gibi en diisik idealite faktorii 1ginlanmamis
PTCDA arayiizey tabakali Au/PTCDA/n-Si SD olurken
en yiiksek isealite faktoriine sahip aygit ise 60 kGy
1sinlamaya maruz birakilmis PTCDA arayiizey tabakali
AU/PTCDA/n-Si SD olmustur. Ancak Schottky engel
yiikseklikleri (®go) ele alindiginda 30 kGy 1sinlanmis
PTCDA arayiizey tabakas1 igeren Au/n-Si SD 0,62 eV ile
en yiksek engel yiiksekligine sahip oldugu
gozlemlenmistir. 60 kGy ve 100 kGy 1sinlanmis PTCDA
araylizey tabakali Au/PTCDA/n-Si  SD’ler ise
1sinlanmamis aygita gore daha diisiik ®g,’a sahip oldugu
gozlenmistir. Elde edilen Au/PTCDA/n-Si SD’un I-V
sonuglarina gore, literatiirde daha oOnce Farag ve
arkadaglar tarafindan yayinlanmis PTCDA/n-Si aygita
gore daha iyi performansa sahip oldugu goriilmistiir
[24].
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Sekil 3. Farkli dozlarda isinlanmig ve 1sinlanmamis PTCDA

arayiizey tabakali Au/PTCDA/n-Si  Schottky
diyotlarin dogrultma oranlar1 (The rectification ratio
of Au/PTCDA/n-Si Schottky diodes unirradiated and
irradiated at different doses of PTCDA interfacial
layers)

Isinlanmamis ve 1ginlanmis PTCDA arayiizey tabakali
Au/PTCDA/n-Si SD’larin DO, pozitif gerilimdeki
akimin negatif bolgedeki akima orani, Sekil 3’te
verilmigtir. Sekil 3’e gore 30 kGy 1simnlanmis PTCDA
kullanilarak elde edilen Au/PTCDA/n-Si SD +2,5 V’ta
2097 kat dogrultma gosterdigi ve en yiiksek DO sahip
oldugu gozlemlenmistir. 60 kGy ve 100 kGy 1sinlanmis
PTCDA arayiizey tabakali Au/PTCDA/n-Si SDIlarin DO
ise  1smmlanmamis PTCDA  arayiizey  tabakali
AU/PTCDA/n-Si SD’ye gore daha diisiikk performans
gosterdigi aciktir.

SDlarmn aygit performansinin dl¢iimiinde seri direng ve
sont direnci (Rsh) en Onemli parametrelerden ikisidir.
AU/PTCDA/N-Si aygitlarin 1sinlama dozlarina gore Rs ve
Rsh degerleri Ohm kanununa gdre [-V sonuglarindan
hesaplanmis ve Sekil 4’te verilmistir. Burada
1sinlanmamis, 30 kGy, 60 kGy ve 100 kGy dozlarda
isinlanmig PTCDA arayiizey tabakali Au/PTCDA/n-Si
aygitlarin Ry degerleri sirastyla 140 kQ, 146 kQ, 11,3 kQ
ve 48,6 kQ olarak hesaplanmigtir. Bu sonuglara gére 30
kGy 1sinlama dozunda en 1sinlanmamis diyota gére daha
yiiksek Rsh degeri gozlenirken, 60 kGy isinlamada en
diisiik Rsh degeri elde edilmistir.

Cizelge 1. PTCDA arayiizey tabakali Au/PTCDA/n-Si SD’larin bazi temel elektriksel parametreleri (Basic electrical
parameters of Au/PTCDA/n-Si SD with PTCDA interfacial layer)

Diyotlar idealite Faktrii, n @5, (eV)
Isinlanmamig PTCDA arayiizey tabakali Au/PTCDA/n-Si 1,23 0,60
30 kGy 1ginlanmig PTCDA arayiizey tabakali Au/PTCDA/n-Si 1,26 0,62
60 kGy 1ginlanmig PTCDA arayiizey tabakali Au/PTCDA/n-Si 1,43 0,56
100 kGy 1sinlanmig PTCDA araylizey tabakali Au/PTCDA/n- 1,40 0,59

Si
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Sekil 4. Farkli dozlarda 1isinlanmig ve 1sinlanmamis PTCDA

arayiizey tabakali Au/PTCDA/n-Si  Schottky
diyotlarin R-V egrileri (R-V curves of Au/PTCDA/n-
Si Schottky diodes unirradiated and irradiated at
different doses of PTCDA interfacial layers)

4. SONUC (CONCLUSION)

Bu calismada 1ginlanmamis ve farkli dozlarda E-Demet
1sinlarina maruz birakilmig PTCDA tozlar1 n-Si alttas
iizerine kaplanarak Au/PTCDA/n-Si SD’lar {iretilmistir.
PTCDA tozlar1 30kGy, 60kGy ve 100kGy farkli elektron
demet dozlarinda isinlanmistir ve 30 kGy ismlanmis
PTCDA tozunun FTIR piklerinin en yiiksek siddete sahip
oldugu gozlemlenmistir. 100 kGy 1simnlamaya kadar
elektron demet iginlarinin PTCDA’nin C-O ve C=0
baglarim1  zayiflattigi  ancak yapisal deformasyon
olusturmadigi FTIR spektrumlarindan anlagilmistir.

Farkli dozlarda iginlanmig PTCDA arayiizey tabakali
AU/PTCDA/N-Si SD ve 1gimlanmamig PTCDA arayiizey
tabakali Au/PTCDA/n-Si SD’larin -V
karakteristiklerinden aygitlarin idealite faktorii (n),
Schottky engel yiiksekligi (®go), dogrultma orani (DO),
seri direng (Rs) ve ve Sont direnci (Rsh)parametreleri
hesaplanmistir. 30 kGy i1simnlanmis PTCDA araylizey
tabakali Au/PTCDA/n-Si SD aygit performansinin
1sinlanmamig PTCDA araylizey tabakali Au/PTCDA/n-
Si SD’a gore daha iyi oldugu deneysel olarak
gozlemlenmistir. Schottky engel yiikseklikleri ele
alindiginda 30 kGy 1simnlanmig PTCDA arayiizey tabakasi
iceren Au/PTCDA/n-Si SD 0,62 ¢V ile en yiiksek engel
yiiksekligine sahip oldugu goézlemlenmigtir. 30 kGy
isinlanmig PTCDA arayiizey tabakali Au/PTCDA/n-Si
SD +2,5 V’ta 2097 kat dogrultma gosterdigi ve en yiiksek
DO sahip oldugu gézlemlenmistir. Buna ilave olarak en
yiiksek Rsh degerinin yine 30 kGy 1sinlanmig PTCDA
araylizey tabakali Au/PTCDA/n-Si SD a ait oldugu
gozlenirken en diisiik Rs degerinin ise 60 kGy 1sinlanmis
PTCDA arayiizey tabakali Au/PTCDA/n-Si SD’a ait
oldugu gozlemlenmistir.

Sonu¢ olarak 1sinlamaya maruz birakilmis PTCDA
arayiizey tabakali Auw/PTCDA/n-Si  SD’un I-V

karakteristiklerinin 1ginlama ile oldukca etkilendigi
gozlemlenmistir. Au/PTCDA/n-Si SD i¢in en uygun
1sinlama dozunun 30 kGy oldugu ve ®g,, DO, R
parametrelerinde iyilesmeye sebep olarak aygit
performansinin artirildigr gdézlemlenmistir.

Araylizey tabakasi olarak kullanilacak polimerin
isinlanma  dozuna gore SD’un temel elektriksel
parametrelerini uygulanan doza goére olumlu veya
olumsuz yonde etkileyebilmektedir. Bu nedenle bu tarz
aygitlari  lretmeden Once doz  optimizasyonu
yapilmalidir. Polimerin yapisin1 bozmadik¢a E-Demet
isinlama  ile aygitin  performans parametrelerinin
kontrollii olarak artirllmasinda veya azaltilmasinda
kullanilabilecegi sonucuna varilmistir. Makalede izlenen
yontem izlenerek farkli polimerler ile farkli MPY
aygitlarin  liretim  siiregleri  denenerek  sonuglarin
tartigilmasi onerilmektedir.
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ABSTRACT

Wood preservatives have been widely used to extend the service life of wood. The most objectionable environment for wood is
outdoor conditions. In this study, test specimens prepared from chestnut wood (Castanea sativa Mill) were impregnated with natural
and chemical impregnation agent. It was aimed to determine the effect of outdoor conditions on physical and mechanical properties
of wood material by keeping them under these conditions for one year.

As natural impregnation material pine tannin and acorn tannins, as chemical impregnation material imersol aqua and timbercare
aqua were used. The retention amount, air-dried density, bending strength, modulus of elasticity, compression strength parallel to
fibers, adhesion strength parallel to fibers, screw withdrawal strength were determined.

As a result, it can be said that the physical and mechanical test values can compare wood impregnated with natural impregnation
materials to wood impregnated with chemical impregnation materials after one year exposed to outdoor conditions.

Anahtar Kelimeler: Outdoor conditions, chestnut, pine tannin, acorn tannin, mechanical tests.

Acik Kosullarina Birakilan Dogal ve Kimyasal
Maddelerle Emprenye Edilen Kestane Odununun Bazi
Fiziksel ve Mekanik Ozellikleri

oz
Ahsap koruyucular, ahsabin kullanim dmriinii uzatmak i¢in yaygin sekilde kullanilmaktadir. Aga¢ i¢in en sakincali ortam agik hava
kosullaridir. Bu ¢aligmada, kestane (Castanea sativa Mill) agacindan hazirlanan 6rnekler dogal ve kimyasal emprenye maddesi ile

emprenye edilmistir. A¢ik hava kosullarinin aga¢ malzemenin fiziksel ve mekanik dzelliklerine etkisini, bir yil boyunca bu kosullar
altinda tutarak belirlenmesi amaglandi.

Dogal emprenye materyali olarak ¢am taneni ve mese palamudu taneni, kimyasal emprenye maddesi olarak imersol aqua ve
timbercare aqua kullanilmistir. Retensiyon miktari, hava kurusu yogunluk, egilme direnci, elastikiyet modiilii, liflere paralel basing
direnci, liflere paralel yonde yapisma direnci, vida tutma direnci belirlenmistir.

Sonug olarak, dogal emprenye maddeleriyle emprenye edilen ahsap malzemelerin kimyasal emprenye maddeleri ile emprenye
edilen ahsap malzemeler ile bir yil siireyle agik hava kosullar1 altindaki degerlerin mukayese edilebilir diizeyde oldugu sdylenebilir.

Keywords: A¢ik hava kosullari, kestane, ¢gam taneni, mese palamudu taneni, mekanik testler

Therefore the wood material

1. INTRODUCTION

Wood is a natural, renewable, easily processable,
economical and infrastructure is a less demanding
material. As human population increases, so does
demand for wood.

Wood is composed of cellulose, hemicellulose, lignin,
and minor amounts of extraneous materials [1]. When
wood used in outdoor conditions occurs chemical
changes in the major constituents of wood, cellulose,
hemicellulose and lignin, lead to changes of color, loss of
luster, increased roughness and formation of cracks on

*Sorumlu Yazar (Corresponding Author)
e-posta : mehmetyasar@gumushane.edu.tr

the surface [2,3].
impregnated with some chemical substances when it used
in outdoor environments [4,5]. Because of degradation in
the outdoor exposure is slow and variable, it requires that
the changes be examined under the same conditions for a
given period [6]. Stamm, (1978) found that lignin was
degraded and decayed in wood remaining for 20 years
under outdoor conditions without impregnation and over-
surface treatment, and that cellulose was little affected
except for the nearby parts [7].

The length of the waiting period in the outside
environment increases the degree of destruction in the
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materials used and therefore the economic losses are also
increasing considerably [8].

The hardwood species such as chestnut, which are
successfully used in engineering designs thanks to their
natural structure, are a low cost raw material [9].

The service life of wood products exposed to outdoor
conditions, can be increased by treating with various
preservative materials [10,11]. But these materials must
be recyclable and environmentally friendly at the end of
used [12].

Tannin is a renewable and economical source widely use
to produce heavy duty leather. Tannins sources are very
varied. Tannin can be obtained from major are mimosa
bark, quebracho wood, oak bark, chestnut wood, sumach,
tara and bark of several species of pines. The main usage
areas of tannin are leather manufacture, adhesives, wine,
beer and fruit juices additives ore flotation agents,
cement super plasticizers, medical and pharmaceutical
applications [13].

The Oriental beech and scots pine samples impregnated
with 10% and 20% w/w mimosa extract showed
improvements of on average 20% on compression,
bending, hardness and gluing tests [14].

It was investigated durability of the tannin-hexamine-
treated wood samples for their resistance against outdoor
agents in terms of dimensional stability, resistance to
leaching and resistance to biological agents. The artificial
and natural weathering provided comparable results in
terms of changes in surface colour. Dimensional Stability
of the 10% and 20% tannin-treated samples were very
similarly [15]

Table 1. Sample sizes and testing standards for wood properties

timbercare aqua were supplied by Hemel Timber
Products Co. in Turkey.

In preparation of parallel adhesion resistance test
specimens used double-component PVAc-D4 glue
resistant to outdoor conditions. D4 glue recommended
for the manufacture of joinery according to desmodur
VTKA glue [19]. During the testing of the test samples;
digital caliper, drying oven, desiccator, precision scale
and universal tester (Zwick Z050-for mechanical test).

2.2. Method
2.2.1. Preparation of the test samples

Factors such as tree type, chemical materials and cutting
direction affect the results of the experiments [20-22].
Therefore, the examples are arranged according to the
principles set out in Table 1. Experiments were carried
out in Universal Testing Machine (Zwick Z050) with a
capacity of 5 tons in the material laboratory of
Gumushane University, Gumushane Vocational School
Furniture and Decoration Workshop.

2.2.2. Impregnation solution and process

For the impregnation process, pine and acorn tannins
were first prepared in solution. Solution; based on
weight, 5% mineral tannin was distilled (distilled and
dissolved in water at 60 °C).

Solution and treatment temperature were applied at 20 +
2 °C for all impregnates. After the impregnation, the
specimens weighed and dimensioned at full age were
conditioned until 60% =+ 3% relative humidity and 20% =+
2% humidity at 20 + 2 °C. Solution prepared with tannins
and chemical impregnated materials were placed in a

Properties Test Standard

Physical Owen dried density TS 2472 (1976), [23]
Bending strength TS 2474 (1976), [24]
Modulus of elasticity TS 2478 (1976),[25]

Mechanical Compression strength parallel to fibers TS 2595 (1976),[26]

Adhesion strength parallel to fibers
Screw withdrawal strength

TS-EN 205 (2004), [27]
TS-EN 13446 (2005), [28]

Bending strength results was decreased by impregnated
with solution of 5 % natural oak tannin [16]. Heat
treatment parts screw withdrawal strength values were
highest results in the tangential direction than transverse
directions [17]. Density of wood may have a decisive
importance for screw withdrawal resistance [18].

2. MATERIAL AND METHOD
2.1 Material

Wood specimens were cut from randomly selected
smooth fibrous, knotless chestnut wood (Castanea sativa
Mill) from Trabzon in Turkey. In selection of
impregnation materials determined pine and acorn
tannins as natural material, imersol aqua and timbercare
aqua as water based chemical material. Imersol aqua and

coarse array with dimensions of 20 * 50 * 50 cm, the test
specimens were immersed in the solution and the wire
mesh weight was placed. Dipping was carried out for 2
hours.

After the impregnation process was completed, samples
were brought to equilibrium humidity and subjected to
outdoor conditions.

2.2.3. Natural aging of test samples

Control and impregnated samples were hold on outdoor
conditions between 01.09.2011 - 01.09.2012 dates for 12
mounts periods in Ankara, Turkey. Conditions was
adjusted to according to the principles of ASTM G7-05
standard as to face to the south and 45° from ground in
oblique position (Figure 1.) [29].
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Figure 1. Inclined platform of test samples stored in the outdoor conditions

The height of the test samples at the lowest level is 50
cm, care has been taken that organic wastes will increase
the proportion of water in the soil unnecessarily and that
there will be no water-holding residues.

The meteorological data of Ankara province in which the
test samples were left for outdoor conditions between
01.09.2011 - 01.09.2012 in Table 2.

Table 3. Retention amounts

Retention Amounts (g/cm?®)

Impregnation Type Kort Sy V

Pine tannin 13.50 0.52 0.04
Acorn tannin 15.00 0.59 0.04
Imersol aqua 2.50 0.96 0.38
Timbercare agua 2.33 0.76 0.33

Retention of samples were found to be between 2.33-15

Table 2. The meteorological data of Ankara province 01.09.2011 - 01.09.2012 [30].

Average Average Maximum Average Minimum Monthly Mean Monthly

Date Temperature Temperature Temperature Relative Humidity Precipitation

(°C) (°C) (°C) (%) (mm)
September- 2011 20.1 30.8 7.6 424 0.6
October- 2011 10.9 25.8 0.2 65.1 62.4
November- 2011 33 15.2 -7.1 70.3 10.9
December- 2011 3.8 16.0 -6.8 74.9 39.3
January-2012 -0.9 12.2 -11.3 87.1 93.3
February-2012 -1.9 10.1 -15.9 83.7 47.7
March-2012 3.7 18.6 -54 67.2 43.0
April-2012 14.9 28.1 0.1 50.5 24.8
May-2012 175 28.2 9.0 56.8 65.1
June-2012 24.2 36.6 10.1 38.7 1.2
July-2012 27.0 41.0 135 35.8 4.6
August-2012 24.0 36.0 12.0 38.2 7.4

2.2.3. Analysis of The Data

Statistical evaluation of the results was analyzed with
SPSS 22.0 (2013) statistical package software. In case of
mutual interactions of sources of variance being
significant according to (P< 0.05) for which factors are
the differences important was identified by Duncan test.

3. RESULTS AND DISCUSSION

Retention amounts of impregnation materials is given in
Table 3.

g/cm®. Tannins showed upper retention value. In other
study observed similar results in other studies [31].
Microscopic views of the specimens taken from the parts
exposed to outdoor conditions for one year (impregnated
material) are given in Figure 2.

The effects of the impregnation material used in the
samples prepared with natural and chemical
impregnation materials prepared from chestnut wood,
variance analysis and Duncan tests were applied to
determine whether the bending resistance, modulus of
elasticity, compression strength parallel to fibers,
adhesion strength parallel to fibers, screw withdrawal
strength were statistically significant (Table 4. and Table
5.
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500 ym

[mersol Aqua Timbercare Aqua

Figure 2. Microscopic views of the specimens after a year exposure outdoor conditions (control, pine tannin, acorn, imersol
aqua, timbercare aqua)

Table 4. Variance analysis for physical and mechanical properties

Analysis of Variance

Process Variation Source F.D. S.S S.M. F value Pr>F

Between groups 2 0.001 0.001 0.352 0.705
Air-dried density Within groups 46 0.068 0.001

Total 48 0.069

Between groups 2 0.017 0.009 12.184 0.000*
Bending strength Within groups 46 0.032 0.001

Total 48 0.050

Between groups 2 50.082 25.041 4.856 0.012*
Modulus of elasticity Within groups 46 237.186 5.156

Total 48 287.268

Between groups 2 49.842 24.921 1.909 0.160
Compression strength parallel to fibers Within groups 46 600.580 13.056

Total 48 650.422

Between groups 2 49.842 24.921 1.909 0.160
Adhesion strength parallel to fibers Within groups 46 600.580 13.056

Total 48 650.422

Between groups 2 11752.671 5876.335 3.218 0.049*
Screw withdrawal strength Within groups 46 84010.230 1826.309

Total 48 95762.900
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Table 5. Duncan test results

Duncan Test

Impregnation Mean SUbSEt for
Process T square NO alpha=0.05
ype q
1 2
Control 0.648 10 0.6367
Air-dried Natural imp. 0.637 20 0.6400
density Chemical imp. 0.641 20 0.6480
Sig. 0.464
Control 78730 10 0.4467
Bending Natural imp.  80.616 20 0.4950
strength Chemical imp. 82.020 20 0.4950
Sig. 1 1
Control 7393.330 10 13.4590
Modulus of ~ Natural imp.  7723.160 20 15.2695
elasticity Chemical imp. 7642.500 20 15.8989
Sig. 1 0464
Compression  Control 25.66 10 6.7265
strength Natural imp.  27.395 20 8.7570
parallelto  Chemical imp. 27.140 20 8.8244
fibers Sig. 0.151
Adhesion Control 4,881 10 25.6556
strength Natural imp.  4.77 20 27.1400
parallel to Chemical imp. 5.779 20 27.5900
fibers Sig. 1 0488
Control 269.494 10 78.7333
Screw Natural imp.  309.960 20 80.3800
withdrawal L
strength Chemical imp. 305.314 20 82.0200
Sig. 0.516

As a result of the analysis of variance made; it has been
determined that there are significant differences between
bending resistance, modulus of elasticity and screw
withdrawal strength in the samples prepared from
chestnut wood (natural impregnation - imersol aqua -
timber care aqua - control) air-dry density, compression
strength parallel to fibers and adhesion value
perpendicular to the fibers were found to be negligible.

It has been determined that there is no significant
difference in air-dried density, vertical pressure
resistance and screw withdrawal strength in the samples
treated with natural impregnation (pine tannin - acorn) -
chemical impregnation (imersol aqua - timbercare aqua)
prepared from chestnut wood according to Duncan test
(P<0.05).

Bending strength, modulus of elasticity, compression
strength parallel to fibers, adhesion strength parallel to
fibers, screw withdrawal strength tests results in Table 6.
and are shown Figure 1.

Table 6. Physical and mechanical properties of chestnut wood

Process Impregnation Kort Sx \Y%
Control 0.63 0.03 0.05
. Pine tannin 0.63 0.03 0.05
’9;;'5‘?{;9" Acomtannin  0.66 004 0.06
Imersol aqua 0.66 0.04 0.06
Timbercare aqua  0.65 0.04 0.06
Control 78.66 10.53 0.13
. Pine tannin 79.44 9.30 0.18
Bending Acorn tannin 81.32  16.73 021

strength

Imersol aqua 81.91 14.19 0.17
Timbercare aqua 82.13 11.17 0.14
Control 7413 707.75 0.10
Pine tannin 7710 850.39 0.11
2{':5‘::‘0':;; of  Acorn tannin 7689 135802  0.18
Imersol aqua 7537 1180.51 0.16
Timbercare aqua 7748 996.97 0.13
) Control 25.86 1.39 0.05
Compression - pine tannin 2699  1.39 0.05
Zgre;?etrto Acomtannin 2819 194 0.07
fibers Imersol aqua 27.62 1.94 0.07
Timbercare aqua 26.66 1.66 0.06
) Control 4.90 1.62 0.33
Adhesion Pine tannin 5.87 1.32 0.23
f)tarre:I?etrto Acorn tannin 3.68 131 0.36
fibers Imersol aqua 5.49 1.30 0.24
Timbercare aqua 6.11 1.87 0.31
Control 268.79  13.53 0.05
Screw Pine tannin 29152  36.38 0.12
withdrawal ~ Acorn tannin 332.66  31.29 0.09
strength Imersol aqua 310.14  53.06 0.17
Timbercare aqua 300.49  55.20 0.18

The highest air-dried mean density was 0.66 g/cm? in the
samples with acorn tannin and imersol aqua and lowest
was 0.63 g/cm?® in the samples impregnated with the
control and pine tannin. Results is similar with another
study [31].

The highest bending strength was 82.13 N/mm? in the
samples with impregnated with timbercare aqua and
lowest was 78.66 N/mm? in control samples.

The highest modulus of elasticity was 7748 N/mm? in the
samples impregnated with timbercare aqua and lowest
was 7413 N/mm? in the control samples.

The highest compression strength parallel to fibers was
28.19 N/mm? in the samples with acorn and lowest was
25.86 N/mm? in the control samples. These findings are
consistent with earlier reports [32].

The highest adhesion strength parallel to fibers was 6.11
N/mm? in the samples impregnated with timbercare aqua
and lowest was 3.68 N/mm? in the samples with acorn.

The highest screw withdrawal strength was 332.66
N/mm? in the samples with acorn and lowest was 268.79
N/mm? in the control samples.
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Figure 1. Graphical representation of physical and mechanical properties of chestnut wood

4. CONCLUSION

According to the experimental results, retention amount
values of the samples impregnated with natural materials
are higher than impregnated with chemical impregnation
materials.

In air-dried density values obtained close results. Oak
acorn gave similar results with chemical impregnation
materials. Control samples and pine tannin samples
showed lower results than the other samples.

Control samples was showed the lowest results in
bending strength, modulus of elastic, compression
strength parallel to fibers and screw withdrawal strength
tests. Natural and chemical impregnation materials
increased the values in these experiments.

The bending strength values were close to each other.
The bending strength of the samples impregnated with
chemical wood preservatives values were higher then
tannins. The highest values were determined in samples
impregnated with timber care aqua in bending strength,
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modulus of elastic and adhesion strength parallel to fibers
tests.

According to the control samples, chemical and natural
impregnation materials increased the elasticity modulus
values. The samples impregnated with acorn tannin
showed the lowest values in adhesion strength parallel to
fibers. The highest values in compression strength
parallel to fibers and screw withdrawal strength were
determined in samples impregnated with acorn tannin.
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oz
Bu ¢alismada, 1s1l islemin vernikli aga¢ malzemede renk degisimine etkisi arastirilmistir. Bu maksatla; Dogu Kaymi (Fagus
orientalis Lipsky), Sapsiz Mese (Quercus petreae Lieble.), Kara Kavak (Populus nigra Lipsky), Sarigam (Pinus sylvestris Lipsky)
ve Uludag Goknart (Abies bornmiilleriana Mattf.) odunlarindan TS 2470 ve TS 53’e gore hazirlanan 6rnekler 165°C ve 175°C
sicaklik, 2 ve 4 saat siire ile toplam 4 varyasyonda sicakligi +1°C duyarlikta kontrol edebilen 1s1l islem firininda normal atmosfer
ortaninda birakilmistir. Ustyiizey islemi icin érnekler, ASTM D 3023’e gore sentetik, parke ve su bazh verniklerle kaplandiktan
sonra vernikli ylizeylerde ASTM D 2244-02’e gore renk degisimi tespit edilmistir. Sonug olarak; toplam renk degisimi agag tiirii-
1s1l iglem-vernik ¢esidi etkilesimi diizeyinde en yiiksek sentetik vernik uygulanmis 175/2 °C/Saat 1s1l islemli kavakta (60,96), en
diisiik su bazli vernik uygulanmig 165/2 °C/Saat 1s1l islemli sarigamda (10,95) elde edilmistir. Buna gore, renk degisimi olmasinin

istenmedigi veya en az istendigi mobilya ve dekorasyon uygulamalarinda toplam renk degisimi degeri en diisiik olan su bazli
vernikli ve 165/2 °C/Saat 1s1l islemli sarigam aga¢ malzemenin kullanilmasi 6nerilebilir.

Anahtar Kelimeler: Isil islem, vernik, aga¢ malzeme, renk degisimi.

Impact of Heat Treatment on the Exchange of Color in
Varnished Wood Materials

ABSTRACT

This study investigated the effect of heat treatment discoloration of varnished wood materials. In this purpose; samples of Oriental
Beech (Fagus orientalis Lipsky), Oak (Quercus petreae Lieble.), Black Poplar (Populus nigra Lipsky), Scots Pine (Pinus sylvestris
Lipsky) and Uludag Fir (4bies bornmiilleriana Mattf.) prepared in accordance with TS 2470 and TS 53, were left in the heat-
treatment oven under normal atmosphere with temperatures of 165°C, 175°C, for periods of 2, 4 hours with +1°C temperature
sensitivity in a total of 4 variations. For the surface processes, the samples were coated with synthetic, parquet and water-based
varnishes in accordance with ASTM-D 3023 and color alteration according to ASTM D 2244-02 was determined. According to
the results of the study; At the level of interaction between the type of wood, type of heat-treatment and type of varnish; the highest
value of total color alteration was obtained from the poplar (60.96) which was varnished with Synthetic varnish and heat-treated
with 175/2 (°C/Hours), the lowest value was obtained from the pine (10.95) which was varnished with water-based varnish and
heat-treated with 165/2 (°C/Hours). Accordingly, the color change is desired or required furniture and decoration applications at
the lowest total color change the value of water-based varnish, and the use of heat-treated pine wood were suggested.

Keywords: Heat treatment, varnish, wood materials, colour change.
1. GIiRIS (INTRODUCTION)

Odunun olumsuz 6zelliklerinin en aza indirgenmesi ve
olumlu 6zelliklerinin daha ileri derecelere yiikseltilmesi
amacina yonelik olarak bir¢ok aragtirma yapilmaktadir.
Bu aragtirmalarin  sonuglarina gére ortaya c¢ikan
yontemlere genel anlamda “Odunun Modifikasyonu
Yontemleri” denilmektedir [1]. Odun modifikasyonu
yontemleri, kimyasal modifikasyon, fiziksel modifikas-

tadir. Odun termal modifikasyonu yontemi olarak ele
alindiginda, odunun 100-250°C’ler arasinda, normal
atmosfer, azot gazi veya herhangi bir inert gaz ortaminda
belli bir siire bekletilmesi 1sil islem olarak
anlasiimaktadir [1].

Isil islem uygulamasi odunun molekiiler yapisinin
modifiye edilmesine yol agtigindan performansim
arttirmaktadir. Artan potansiyel nitelikler; mantar ve

yon, termal modifikasyon ve enzimatik modifikasyon
olarak gruplandirilabilir [2].

Odunun 1s1l isleme tabi tutulmasi onun kimyasal
kompozisyonunu degistirmekte ve dolayisiyla odun
termal modifikasyonu yontemi olarak adlandirilmak-

*Sorumlu Yazar (Corresponding Author)
e-posta : musaatar@gazi.edu.tr

bdceklere karsi biyolojik dayaniklilik, disiik denge
rutubet igerigi, daralma ve geniglemedeki azalmaya bagh
olarak artan boyutsal stabilite, artan termal izolasyon
kabiliyeti, boya adhezyonu, dig hava sartlarina
dayaniklilikta artma, dekoratif renk cesitliligi ve
kullanim siiresinde uzamadir. Buna ilaveten daha diisiik
kaliteli agagc tiirlerine yeni pazar imkani sunarak bunlarin
daha kaliteli tiirlere kars1 rekabet giiclinii arttirmakta ve
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stirdiiriilebilir orman kaynaklarint desteklemektedir. Isil
islem uygulamasi ayrica kompozit malzemelerde liflere
ve kaplamalara; dayaniklilikta artma, daha biiyiik bir
stabilite, kullanim siiresinde artma, {irlin emniyetinde
iyilesme, daha yiiksek fiyat ederine sahip olma ve
giivenilirlik  gibi ozellikler  kazandirmaktadir.
Striiktiirdeki tiim bu degismeler insan ve ¢evre sagligina
zararl kimyasallar ilave edilmeksizin elde edildiginden
1s1l iglem uygulamasi emprenyeye ekolojik bir alternatif
olarak diistiniilmektedir [3-4-5].

150°C ve iistiindeki sicakliklarda muamelelerle odunun
renginin degistigi gézlemlenmis ve buna bagli olarak 1sil
islem uygulanmis aga¢ malzemenin kullanim yerlerinin
kisitlandig1 bildirilmistir [6].

Kayin (Fagus orientalis Lipsky.) odununun renk degisimi
iizerinde yiiksek sicakligin etkisi incelenmis ve odun
renginin koyulastigi, 1sitma zamani ve sicakliginin, renk
degisimi iizerinde nispi nemden daha 6nemli oldugu
bildirilmistir [7]. Limba, Iroko, Disbudak ve Anadolu
kestanesi odunlarinin renk 6zelliklerine farkli 1s1l iglem
ve vernik kombinasyonu uygulamalarinin etkileri
incelenmistir. 150 ve 180°C sicaklik ve 3-6 saat 1s1l
isleme tabii tutulan aga¢ malzemeler; seliilozik, sentetik,
poliliretan ve su bazli vernikle kapladiktan sonra renk
6l¢limii yapilmigtir. Arastirma sonucuna gore, 1sil iglemli
tim aga¢ malzemelerde rengin etkilendigi bildirilmistir
[8]. Sarigam ve Ladin odunlar1 4 saat siireyle 220°C’de
1s11 isleme maruz birakilmistir.  Omnekler iizerinde
yapilan caligmalar sonucunda 2 yil siireyle 6rneklerde
hicbir ¢iiriime veya renk degisiminin olmadigi, 1s1l iglem
ile modifiye edilmis Orneklerin bakir igerikli
koruyucularla muamele edilmis 6rneklere gore daha iyi
bir performans gosterdigi bildirilmistir [9].

Bazi Japon igne yaprakl agaglar 75+5°C’de 100 ve 200
saat dumanla 1s1l isleme tabi tutularak etkileri
incelenmistir. 100 saat dumanla isitilan Grnekler ile
kontrol 6rnekleri arasinda diri odun rengi bakimindan
hi¢bir farklilik olmadigi, toplam renk degisiminde (AE*)
derinlerde renk degisimi oldugu, bu sonuglarin 100 saat
iizerinde hemiseliilozun termal bozunumu nedeniyle
oldugu bildirilmistir [10].

Hus agacinin (175, 200°C) sicakliklarda (1, 3 ve 10 saat)
muamele edilerek renk degisimlerinin nasil etkilendigi
arastirtlmigtir. Orneklerin renk homojenligi
olciildiigiinde 1s1l iglem sonucunda elde edilen rengin
ornek ilizerinde homojen bir yapida olmadig:
bildirilmistir [11].

Ahlat (Pyrus elacagnifolia Pall.) odununun renginde 1s1l
islemin etkisi incelenmistir. 160 ve 180°C sicaklik ile 2,
4 ve 6 saatlik siirelerde 1s1l isleme tabi tutulan Ahlat
odununun %50, 65, 85 bagil nem ortamlarinda renk
degisiminde iyilesme oldugu bildirilmigtir [12].

Saricam odunu (150, 170 ve 190°C) sicakliklarda (4, 6 ve
8 saat) siireyle 1s1l igleme tabi tutulmustur ve humuneler
iizerinde toplam renk degisimi (AE*) degerleri
belirlenmistir. Isil islemin sarigam odunu renginde
koyulagsmaya neden oldugu, sicaklik ve siiresinin
artmastyla toplam renk degisimi degerininde arttig1

belirtilmistir [13]. Okaliptus odununun rengine 1sil
islemin etkisi belirlenmigtir. Aragtirma sonuglarina gore
1s1l islem ile odun 6rneklerinin renklerinin koyulastig
bildirilmistir [14].

Bu calismada, 1s1l islem uygulanmis bazi genis ve igne
yaprakli aga¢ malzemeler sentetik, parke ve su bazli
verniklerle kaplanarak, 1sil islemin vernikli agac
malzemede renk degisimine etkisi aragtirilmistir.

2. MATERYAL ve METOD (MATERIALS and
METHOD)

2.1. Aga¢ Malzeme (Wood Material)

Ulkemizde agagisleri endiistrisinde yaygin kullanilan
genis yaprakli agaclardan Dogu kayini (Fagus orientalis
Lipsky), sapsiz mese (Quercus petreae Lieble) ve kara
kavak (Populus nigra Lipsky) ile igne yaprakli
agaclardan saricam (Pinus sylvestris Lipsky) ve Uludag
goknar1 (Abies bornmiilleriana Mattf.) deney malzemesi
olarak kullanilmigtir. Deneylerde kullanilan agag
malzemeler, piyasadan tesadiifi metodla temin edilmistir.

2.2. Vernikler (Varnishes)

Deney orneklerinin  verniklenmesinde sentetik, alkid
regine esasli tek komponentli ahsap vernigi (parke
vernigi) ve su bazli dolgu ile son kat ahsap vernikleri
kullanilmistir.  Orneklerin  verniklenmesinde, sentetik
tiner ve su Kkarigim oranlari igin dretici firmalarin
oOnerilerine uyulmustur.

2.3. Deney Orneklerinin Hazirlanmasi (Preparation of
Experimental Examples)

Ornekler, tesadiifii segilen 1. smif aga¢ malzemeden,
diizgiin 1ifli, ardaksiz, budaksiz, catlaksiz, renk ve
yogunluk farki olmayan, yillik halkalar1 yiizeylere dik
gelecek sekilde ve diri odun kisimlarindan TS 53 ve TS
2470 esaslarina gore hazirlanmigtir [15-16].

Renk 6l¢iimii i¢in hazirlanan 6rnekler 6nce 540x110x12
mm’ lik latalara kesilmistir. Daha sonra 1sil iglem
uygulamasi i¢in deney Ornekleri denge rutubetinin hava
kurusu hale gelmesi saglanmistir. Isil iglemin ardindan
denge rutubetine getirilen latalardan 100x100x10 mm
Ol¢iilerinde deney Ornekleri kesilerek, ilk islatmadan
sonra 80 ve 100 kum zimpara ile zimparalandiktan sonra
son 1slatmanin ardindan 120 kum zimpara ile perdah
islemleri yapilmistir. Perdahlanmis ornek yiizeyleri
yumusak killi bir firga ve vakum kullanilarak tozdan
arindirtlip verniklemeye hazir hale getirilmistir. Agag
tiirii (5), vernik g¢esidi (3), 1s1l islem varyasyon sayisi
(4+Kontrol) ve ornek adedi (10) dikkate alindiginda
toplamda 750 adet deney numunesi hazirlanmaistir.

Isil islem uygulamasi, hava kurusu haldeki agag
malzemelere sicak su buhari korumasi altinda (200
saniye araliklarla 5 saniye boyunca 1 barlik 100 °C+3’de
su buhari piiskiirtme), sicaklig1 +0,1°C duyarlikta kontrol
edebilen 1s1l iglem firminda normal atmosfer ortaminda
gergeklestirilmistir. Bu maksatla her bir aga¢ ve vernik
¢esidi icin 6rnekler ayr ayr1 1s1l igleme tabii tutulmustur.
Toleransli deney parcalar1 firin igerisine buharin akis
yoniine dik olarak yerlestirilmis ve katman aralarina ayni
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agac tirlinden masif ¢italar konulmustur. Firin
calistirilirken ve ¢aligma esnasi boyunca igerisine belirli
araliklarla (200 saniye araliklarla 5 saniye boyunca 1
barlik) 100°C+3’de su buhar verilerek aga¢ malzemenin
hem ani kurumasi ile karst karsiya kalacagi i¢ ve ylizey
catlaklar1 engellenmis hem de firin igerisindeki oksijen
bertaraf  edilerek aga¢  malzemenin  yanmasi
engellenmistir. Toplam 1s1l islem uygulamasi kesintisiz
olarak 3 asamada gerceklestirilmis olup ilk asamada 1s1
ve buhar kullanilarak firin sicaklig 6 saat siire ile 100°C’
ye ve ardindan 12 saat siire ile 130°C’ye kademeli olarak
yiikseltilmistir. Ahsaptaki nem igerigi yaklagik sifira
diistirtiilip yiiksek sicaklik kurutmasi olustuktan sonra
Ikinci asamada 130°C’den 165 ve 175°C” ye 6 saatte
yiikseltilmis ve bu sicakliklarda 2 ile 4 saat siire ile
bekletilmislerdir. Ugiincii asamada, su spreyi sistemi
kullanilarak ahsabin 1sis1 diigiiriilmiis ve ahgabin nemi
%4-6’ya ulagincaya kadar devam edilmistir. Bu
kondiisyonlama (uygun duruma getirme) agamasi 12 saat
stirmiistiir. Daha sonra firindan ¢ikarilan malzemeler net
Olciilerine getirilerek hava kurusu rutubete gelmeleri i¢in
laboratuar ortaminda bekletilmislerdir.

Isil islem uygulamasi sert agaglardan kaym, mese ve
kavak odunlar1 ile yumusak agaglardan saricam ve
goknar odunlart i¢in iki ayri sicaklik ve iki ayri siire
kombinasyonu ile toplam 4 varyasyonda Cizelge 1’ de
Ozetlendigi sekilde gergeklestirilmistir.

Cizelge 1. Tsil islem uygulanan agag tiirii, sicaklik, siire ve
varyasyonlar1 (Heat treated woodspecies, temperature, duration
and variations)

A Stiire (Saat) / (Varyasyon)

S Kayin Mese Kavak Sarigam Géknar

165 | 2/1 | 4/2 | 2/1 | 4/2 | 2/1 | 4/2 | 2/1 | 412 | 2/11 | 4/2

175 | 2/3 | 414 | 2/3 | 414 | 2/3 | 414 | 2/3 | 414 | 2/3 | 4/4

A: Agag Tiri, S: Sicaklik (°C)

Orneklerin verniklenmesi ASTM D 3023 esaslarma ve
iiretici firmalarin Onerilerine gdre sanayi uygulamasi
seklinde yapilmigtir [17]. Vernikler deney orneklerine
orta sertlikteki firca ile uygulanmigtir. Vernik miktari,
iiretici firmalarin uygulanmasi gereken vernik miktar
Onerilerine uyularak 0,01 duyarlikli analitik terazi ile
tartilarak belirlenmistir. Sentetik vernik, perdah iglemleri
tamamlanan numunelere {retici firma Onerileri
dogrultusunda m2’ ye 120 gr prensibine gore ve her katta
%10 sentetik tiner katilarak uygulama yapilmistir.
Birinci kat siiriildiikten 24 saat sonra 400 nolu zimpara
yapilarak ikinci katin uygulamasi yapilmis ve iic hafta
stire ile kurumaya birakilmigtir.

Alkid regine esasli tek komponentli ahsap vernigi (parke
vernigi), perdah islemleri tamamlanan numunelere
iretici firma Onerileri dogrultusunda m2’ ye 120 gr
prensibine gore ve birinci katta %10 sentetik tiner
katilarak siiriildiikten 24 saat sonra 400 nolu zimpara
yapilarak ikinci katin uygulamasi ambalaj viskozitesinde
yapilmistir ve ii¢ hafta siire ile kurumaya birakilmistir.

Su bazli vernik uygulamast, perdah islemleri tamamlanan
numunelere iiretici firma onerileri dogrultusunda dolgu
verniginde m2’ ye 140 gr prensibine gore ve her katta %5
su katilarak stiriildiikten 3-4 saat sonra 220 nolu zimpara
yapilarak ikinci dolgu katinin uygulamasi yapilmis ve 3-
4 saat kuruduktan sonra 400 nolu zimpara yapilarak son
kata hazir hale getirilmistir. Son kat uygulamasi da
iiretici firma o6nerileri dogrultusunda m2’ye 130 gr vernik
gelecek sekilde ve her katta %5 su katilarak, katlar
arasinda 600 nolu zimpara yapilarak 2 kat olarak
striilmiis ve {i¢ hafta siire ile kurumaya birakilmistir.
Kuruduktan sonra deneylerden 6énce ASTM D 3924
esaslarma gore 23+2°C sicaklik ve % 50+5 bagil
nemdeki iklimlendirme dolabinda 16 saat siire ile
bekletilmigtir [18].

2.4. Renk Olc¢iimii (Color Measurement)

Renk ol¢iimleri, ASTM D 2244’de belirtilen esaslara
gore MINOLTA CR-231 renk o&lgme cihazi ile
yapilmistir [19]. Cihazin renk Olgiim bashgr 45° lik
aydinlatmay1 ve 0° lik ac1 geometrisini kullanir. Olgme
baslig1 parlak yiizeyler i¢in uygundur. Ancak asir1 parlak
yiizeyler 6lgmede hatalara neden olabilir. Cilinki 15181
cogu 45° lik ac1 ile yansitilacak ve boylece optik fiber
kabloya girmeyecektir [20]. 1976 yilinda Uluslararasi
Aydinlatma Komisyonu (Commission Internationale de
I’Eclairage (CIE)) tarafindan CIELAB renk aralig
tanimlanmistir. Bu sistemde renk, 3 boyut iginde bir
nokta olarak temsil edilmektedir [21].

CIE L*a*b* renk sisteminde, renklerdeki farkliliklar ve
bunlarin yerleri L*, a*  b* renk koordinatlarma gore
tespit edilmektedir. Burada, L* siyah-beyaz (siyah i¢in
L*=0, beyaz i¢in L*=100) ekseninde, a* kirmizi-yesil
(pozitif degeri kirmizi, negatif degeri yesil) ekseninde,
b* ise sar1-mavi (pozitif degeri sar1, negatif degeri mavi)
ekseninde yer almaktadir [22]. Sekil 1°de gosterilen renk
alaninda L* koordinati dikey ekseni (y), a* koordinati
yatay (X) eksenini ve b* koordinati da (z) eksenini
olugturmaktadir. CIEL* a* b* renk sisteminde, iki renk
arasindaki farki hesaplamak igin; [AE* = \ (AL*)? +
(Aa*)? + (Ab*)?] formiilii kullanilmaktadir [21].

BEYAZ
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Sekil 1. CIE L*a*b* renk alan1 (color space)
AE*’nin diisiik degerde olmasi, rengin degismedigi ya da
¢ok az degisim oldugunu gostermektedir [22].
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2.5. Verilerin Degerlendirilmesi (Evaluation of Data)

Renk farkliligina iligkin degerlere, varyans analizi
uygulanarak; denenen faktorlerin; agag tiird, 1s1l iglem ve
vernik cesidinin  Onemli olup olmadigi ortaya
konulmustur. Etkisi 6énemli bulunan faktér ve faktor
etkilesimlerine Duncan testi uygulanarak homojen
gruplar tespit edilmistir. Elde edilen veriler, MSTAT-C
istatistik programi kullanilarak ve %95 giiven diizeyi
esas almmarak analiz edilmis ve bunlar arasindaki
istatistiksel ~ farklilik varyans analizi ile ortaya
konulmustur.

3. BULGULAR (RESULTS)

3.1. Toplam Renk Degisimi (Total Color Change)

Isil islem ¢esidinin vernikli toplam renk degisimine
(AE*) etkisini belirlemek amaciyla yapilan dl¢limlerde
elde edilen 1s1l igslemsiz ve islemli degerleri ile bunlarin
farklarina iliskin ortalama degerler Cizelge 2’de
verilmigtir.

kaynagini belirlemek iizere agag tiirii, 1s1l islem ve vernik

¢esidinin toplam renk degisimine etkilerine iligskin ¢oklu

varyans analizi yapilarak sonuglart Cizelge 3’°de
gosterilmistir.

Cizelge 3. Agag tiirii, 1s1l islem ve vernik ¢esidinin toplam renk
degisimine etkilerine iligkin ¢oklu varyans analizi
(Multivariate analysis of the effect of wood type,
heat treatment and varnish type on total color

change)
. Kareler F P

Faktor Sb Toplami KO Degeri | a<0,05
Agag Tiirii (A) 4 25123.04 | 6280.76 | 426.34 | 0.0000*
Isl Islem (B) 4 8726.85 2181.71 | 148.095 | 0.0000*
Etkilesim (AB) 16 9601.96 600.123 | 40.7366 | 0.0000*
Vernik (C) 2 69637.42 | 34818.7 | 2363.50 | 0.0000*
Etkilesim (AC) 8 6117.63 764.705 | 51.9085 | 0.0000*
Etkilesim ( BC) 8 725.945 90.743 6.1597 | 0.0000*
Etkilesim (ABC) | 32 1833.19 57.287 3.8887 | 0.0000*
Hata 675 9943.95 14.732
Toplam 749 131710
*: Fark, 0,05 e gore anlamli, SD : Serbestlik derecesi, KO: Kareler ortalamas:

Cizelge 2. Vernikli toplam renk degisimi (AE*) 1s1l iglemsiz ve islemli dl¢timleri ile bunlarin farklarina iliskin ortalama degerler
(The varnish total color change (AE*) is calculated from the values of the non-heat treated and processed

measurements and their differences)

Isil Islem Cesidi (°C / Saat)
Agag | vernik 165/2 165/4
Tard | Cesidi | Fark Fark | 1752@3) | Fark | 175/4(4) | Fark
) (2
i} sb | 1023 | 2130 | 1116 | 1552 | 529 | 1241 | 218 | 1542 5.19
5» sn | 3331 | 5483 | 2152 | 4865 | 1534 | 4960 | 1629 | 53.14 19.83
0 2286 | 3571 | 1285 | 3004 | 718 | 3080 | 794 | 3300 10.14
s | 2674 | 2680 | 015 | 2509 | -165 | 3563 | 889 | 3385 7.11
Q
$ sn | 3304 | 4786 | 1482 | 4949 | 1645 | 5166 | 1862 | 5315 | 20.11
0 2419 | 3086 | 667 | 3206 | 787 | 3520 | 111 | 3628 12.09
° sb | 1184 | 2101 | 917 | 2556 | 1372 | 3475 | 2201 | 31.08 19.24
s sn | 3621 | 5118 | 1497 | 5771 | 215 | 6096 | 2475 | 5897 22.76
X
D 1848 | 3691 | 1843 | 3586 | 17.38 | 4072 | 2224 | 4308 24.6
so | 1696 | 1095 | -601 | 1483 | 213 | 1481 | -215 | 1278 4.18
8§ sn | 3688 | 3665 | 023 | 3736 | 048 | 37.78 0.9 35,8 -1.06
0 2420 | 1841 | 579 | 2165 | -255 | 2278 | -1.42 | 2130 2.9
§ sb | 1265 | 1710 | 445 | 1850 | 585 | 1750 | 485 | 1845 5.8
k- sn | 3277 | 2028 | 349 | 3257 | 02 | 3346 | 069 | 3142 135
© D 2154 | 2041 | -113 | 2489 | 335 | 2258 | 104 | 2371 217

sb: Su bazli vernik  sn:Sentetik vernik  p:Parke vernigi
Isz: |sul islemsiz (AE*) Fark:Eksi (-) degerler azalma ifade etmektedir.

Ortalama degerler bakimindan toplam renk degisimi
degeri en yiiksek sentetik vernikli 175°C sicaklikta 2 saat
151l iglem uygulanan kavakta (60.96), en diisiik su bazli
vernikli 165°C sicaklikta 2 saat 1s1l iglem uygulanan
saricamda (10.95) ¢cikmustir.

Toplam renk degisimi degerleri agag tiirii, 11l islem ve
vernik ¢esidine gore farkli bulunmustur. Farkliliklarin

Buna gore, agag tiirii, 1s1l islem ¢esidi, vernik cesidi ve
bunlarin  karsilikli  etkilesimleri istatistiksel olarak
anlamli bulunmustur (o < 0.05). Toplam renk degisimine
iligkin ortalama degerler agag tiirii, 1s1l islem c¢esidi ve
vernik ¢esidine gore Cizelge 4’de verilmistir.
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Cizelge 4. Agag tiirii, 1s1l islem ve vernik ¢esidine gore toplam
renk degisimi (Total color change according to
wood type, heat treatment and varnish)

Agag tiirti X HG*
Kayin (K) 31.13 C
Mese (M) 36.14 B
Kavak (Kv) 37.62 A
Sarigam (S) 24.21 D
Gdknar (G) 23.79 D
Isul islem ¢esidi (°C/Saat) X HG*
Isz 24.13 C
165/2 (1) 30.63 B
165/4 (2) 31.32 B
175/2 (3) 33.38 A
175/4 (4) 33.43 A
Vernik ¢esidi X HG*>*
Sentetik vernik (sn) 43.35 A
Parke vernigi (p) 28.30 B
Su bazl vernik (sh) 20.08 C

*:LSD= +0.8701 **:LSD= +0.6739, HG:Homojenlik Grubu Isz:Isil Islemsiz

Toplam renk degisimi; en yiiksek kavakta (37.62), 175°C
sicaklikta 4 saat 1s1l islem varyasyonunda (33.43) ve
sentetik vernikte (43.35), en diisiik goknarda (23.79),
165°C sicaklikta 2 saat 1s1l islem varyasyonunda (30.63)
ve su bazli vernikte (20.08) tespit edilmistir. Sarigam ile
goknarda yaklasik esit ¢ikmistir. Ayni sicaklikta farkli
stirelerdeki 1s1l iglem sonuglart yaklasik esit ¢ikmustir. Isil
islemsiz drneklere gore 1s1l islem uygulamasinin toplam
renk degisimini arttirdigi soylenebilir. Toplam renk
degisimine iligkin ortalama degerler aga¢ tiirii-1sil islem
cesidine gore Cizelge 5’de verilmistir.
Cizelge 5. Agac tiirii-1s1l islem cesidine gore toplam renk
degisimi (Total color change according to type of
wood-heat treatment cement)

- Isz 165/2(1) | 165/4(2) 175/2(3) 175/ 4(4)
Agag Tiri ="The™ ™% [HG | ¥ | HG | X | HG | X | HG
Kavak (Kv) (2217 | | [3637 | C | 307 | B | 454 | A* | 43| A
Mese (M) 2799 | F 3520 |CD | 355 | cD | 408 | B | 410 | B
Kaym(K) (2213 | | |3731 | ¢ | 314 | E | 39| E | 38| D
Goknar(G) |2232 | 1 |2226 | 1 | 253 | GH | 245 | GH | 245 | GH
Saricam(S) 2601 | G 2200 | ** | 246 | GH | 251 | GH | 233 | HI

LSD : + 1,946, * : En yiiksek (AE*) **: En diigiik (AE*)

Agag tiirii-1s1l islem c¢esidine gore kavak odununda
toplam renk degisimini 36.37 degeri ile en diisiik 165°C
sicaklikta 2 saat 1sil islem varyasyonu yaparken, en
yiiksek 45.48 degeri ile 175°C sicaklikta 2 saat 1s1l islem
varyasyonu yapmustir. Mese odununda toplam renk
degisimini 35.20 degeri ile en diigiikk 165°C sicaklikta 2
saat 1s1l islem varyasyonu yaparken, en yiiksek 41.09
degeri ile 175°C sicaklikta 4 saat 1s1l islem varyasyonu
yapmustir. Kaym odununda toplam renk degisimini 30.94
degeri ile en diisiik 175°C sicaklikta 2 saat 1s1l islem
varyasyonu yaparken, en yiiksek 37.31 degeri ile 165°C
sicaklikta 2 saat 1s1l iglem varyasyonu yapmustir. Goknar
odununda toplam renk degisimini 22.26 degeri ile en
diisiik 165°C sicaklikta 2 saat 1s1l iglem varyasyonu
yaparken, en yiiksek 25.32 degeri ile 165°C sicaklikta 4
saat 1s1l islem varyasyonu yapmistir. Saricam odununda
toplam renk degisimini 22.00 degeri ile en diisiik 165°C
sicaklikta 2 saat 1s1l islem varyasyonu yaparken, en

yiiksek 25.12 degeri ile 175°C sicaklikta 2 saat 1s1l iglem
varyasyonu yapmustir. Bu sonuglara goére en yiiksek
toplam renk degisimi 175°C sicaklikta 2 saat 1s1l iglemli
kavakta, en diisiik 165°C sicaklikta 2 saat 1sil iglemli
sarigamda bulunmustur. Isil islemsiz 6rneklere gore 1sil
islem uygulamasinin toplam renk degisimini sarigamda
azalttigi, diger agaclarda arttirdig1 s6ylenebilir. Toplam
renk degisimine iliskin ortalama degerler agac tiirii-
vernik ¢esidine gore Cizelge 6’da verilmistir.
Cizelge 6. Agac tiirii-vernik gesidine gore toplam renk degisimi
(Total color change according to type of wood-

varnish)
Su bazl Sentetik Parke
Agag vernik vernik vernigi
Tiirii (sh) (sn) (p)
X |HG | ¥ |HG | X |HG
Kavak(Kv) 2485 | G 53.0 | A* | 35.0 D
Mege(M) 2964 | F 470 | B 317 E
Kaymn(K) 1499 |J 479 | B 304 | EF
Sarigam(S) 14.06 |J** | 36.8 | C 21.6 H
Goknar(G) | 1684 || | 319 |E | 226 | H
LSD : £ 1,507, * : En yiiksek (AE*) ** : En diigiik (AE*)

Agag tiirii-vernik ¢esidine gore, her bes agag¢ tiiriinde su
bazli vernik en diisiik toplam renk degisimi yaparken,
sentetik vernik ise en yiiksek degisimi yapmistir. Bu
sonuglara gore en yiiksek toplam renk degisimi sentetik
vernikli kavakta (53.01), en diisiik su bazli vernikli
sarigamda (14.06) bulunmustur. Tiim agaglar igin toplam
renk degisimi siralamasimin biiylikten kiiclige dogru
sentetik, parke ve su bazli vernik oldugu sdylenebilir.
Toplam renk degisimine iliskin ortalama degerler 1sil
islem-vernik ¢esidine gore Cizelge 7°de verilmistir.
Cizelge 7. Is1l islem-vernik ¢esidine gore toplam renk degisimi
(Total color change according to heat treatment-
varnish cement)

Isul Islem Su bazl Sentetik Parke
Cesidi vernik (sb) vernik (sn) vernigi (p)

(°C/Saat) x HG x HG X | HG
Isz 15.6 H 34.4 C 22.2 F
165/2(1) 19.4 G** 43.9 B 28.4 E
165/ 4(2) 19.9 G 451 | AB | 289 | E
175/2(3) 23.0 F 46.6 A* 30.4 D
175/ 4(4) 22.3 F 46.5 A 314 D
LSD : £ 1,507, * : En yiiksek (AE*) ** : En diigiik (AE*)

Isil islem-vernik c¢esidine gore, hem 1sil islemsizde
hemde her 4 1s1l iglem varyasyonunda su bazli vernik en
diistik toplam renk degisimi yaparken, sentetik vernik ise
en yiiksek degisimi yapmistir. Bu sonuglara gore en
yiiksek toplam renk degisimi 175°C sicaklikta 2 saat 1sil
islem uygulanmus sentetik vernikli 6rneklerde (46.69), en
diisiik 165°C sicaklikta 2 saat 1s1l islem uygulanmis su
bazli vernikli orneklerde (19.47) bulunmustur. Isil
islemsiz orneklere gore 151l islem uygulamasinin toplam
renk degisimi degerini arttirdigi, hem 1s1l islemsizde
hemde 1s1l islem varyasyonlarinda toplam renk degisimi
siralamasinin bilyiikten kiigiige dogru sentetik, parke ve
su bazli vernik oldugu sdylenebilir. Agag tiirii-1s1l islem-
vernik ¢esidinin toplam renk degisimine etkilerine iliskin
Duncan testi sonuglar1 Cizelge 8’de verilmistir.
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Cizelge 8. Agac tiirii-1s1l islem-vernik ¢esidinin toplam renk
degisimine etkilerine iligkin Duncan testi sonuglari
(Duncan test results on the effect of wood-heat-
treatment-lacquer type on total color change)

Islem = Islem = Islem =

cesidi x HG cesidi HG cesidi HG
Kv3sn  60.96 A* M3p 3529 HUKLM  S3p 22,78 STUV
Kv4sn 58.97 A Kv3sb 3475 HUKLMN G3p 2258 TUuVv
Kv2sn 57.71 AB M4sb  33.85 HIKLMN S2p 21.65 TUVW
Kisn  54.83 BC G3sn 3346 WNKLMNO Gp 2154 TUuvw
M4sn 5315 CD Ksn 3331 NKLMNO Kish 21.38  UVWX
K4sn 5314 CD Msn 33.04 JKLMNOP S4p 21.30 UVwWX
M3sn  51.66 CDE Kdp 33.00 JKLMNOP Kvlsb 21.01 UVWXY
Kvlsn 51.18 CDE Gsn 32.77 JKLMNOP Glp 2041 VWXYZ
K3sn  49.60 DE G2sn 3257 KLMNOP G2shb 1850 WXYZa
M2sn  49.49 DE M2p 32.06 LMNOP Kvp 1848 WXYZa
K2sn 4865 E G4sn 3142 MNOP G4sh 1845 WXYZa
Milsn 4785 E Kv4sb  31.08 NOP Sip 1841 WXYZa
Kvdp  43.08 F M1p 30.86 NOP G3sh 1750 XYZa
Kv3p 4072 FG K3p 30.80 NOP G1sh 17.10 YZa
S3sn 37.77 GH K2p 30.04 OPQ Ssh 16.96 Za
S2sn 37.36 GHI Glsn  29.28 PQ K2sh 1552 b
Kvlp  36.91 HU Misb  26.89 QR Kd4sh 1542 b
Ssn 36.88 HI Msb 26.74 QRS S2sh 1483 ¢
Sisn 36.64 HIUK Kv2sb 2556 RST S3sh 1481 ¢
Md4p 36.28 HWNK M2sb 25.09 RSTU S4sh 1278 d
Kvsn  36.21 HWK G2p 24.89 RSTU Gsb 1265 d
Kv2p  35.86 HWNKL Sp 2420 RSTUV K3sh 1241 d
S4sn 35.82 HWKL Mp 2419 RSTUV Kvsh 1184 e
Klp 3571 HUKL G4p 23.71 RSTUV Slsh 1095 g**
M3sb  35.63 HIKL Kp 22.86  STUV Ksh 1023 f

LSD : % 3.370, *: En yiiksek (AE*) **: En diigiik (AE*)

En yiiksek toplam renk degisimi 175°C sicaklikta 2 saat
11l islem uygulanmis sentetik vernikli kavakta (60.96)
goriliirken, en diisikk 165°C sicaklikta 2 saat 1s1l islem
uygulanmig su bazli vernikli sarigamda (10.95)
bulunmustur. Agag tiirii-is1l islem-vernik g¢esidine gore
toplam renk degisimleri Sekil 2’de gosterilmistir.

4. SONUCLAR VE TARTISMA (RESULTS AND
DISCUSSION)

Isil islem ¢esidine gore toplam renk degisimi 1s1l islemsiz
orneklere gore en yiiksek 175/4 (°C/Saat)’de (%38.5), en
disiik 165/2 (°C/Saat)’de (%26.9) artmustir. Isil iglem
uygulamasi toplam renk degisiminin artmasina sebep
olmustur. Sicaklik artigt toplam renk degisiminin
artmasina sebep olurken, ayni sicaklikta siire arttikca
toplam renk degisimi (AE*) matematiksel olarak artmus,
bu artis istatistiksel olarak dnemsiz bulunmustur. Vernik
cesidine gore, toplam renk degisimi en yiiksek sentetik
vernikte (43.35), en diislik su bazli vernikte (20.08) elde
edilmistir. Su bazli verniklerin, bes agag¢ tiirtinde, tiim 1s1l
islem varyasyonlarinda ve 1s1l iglemsiz 6rneklerde diger
verniklere gore daha az renk degistirici etki yaptig:
belirlenmistir.  Literatiirde toplam renk degisimi
degerinin (AE*) disiik degerde olmasi rengin
degismedigi ya da ¢ok az degistigi anlamina gelmektedir
[22].

Agag tiiri-is1l islem-vernik ¢esidine gore en disiik
toplam renk degisimi 165°C sicaklikta 2 saat 1sil islem
uygulanmig su bazli vernikli sarigamda (10.95)
bulunmustur. Saricamin en az degisim gostermesi agik
renkli oldugundan, odununun sararma egilimine agik
olmasindan kaynaklanabilir.

Bu sonuglara gére farkli aga¢ ve verniklerin kullanimina
bagl olarak en diisiik toplam renk degisimi (AE*) i¢in
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Cizelge 9. En diisik toplam renk degisimi

(AE*) igin
uygulanabilir 1s1l islemler (Applicable heat
treatments for lowest total color change (AE *))

o ABo il | VN MESE KAVAK SARICAM GOKNAR
Subazhvermik (b) 1752(3) 1654 (2) 652() 1652(1) 1652())
Sentetik vernik (sn) 165/4(2) 165/2(1) 652(1)  175/4(4) 1652 (L)
Parkevernigi (p) 1654 (2) 1652(1) 654(2)  165P2(1) 1652(1)
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Cevresel Glrtltii Seviyesine Katkilarinin Incelenmesi:
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oz
Bu ¢alismada, karayolu kaplamalarindan kaynaklanan giiriiltiiniin etkileri incelenmistir. NMPB Routes 96 karayolu giiriiltii tahmin
modeli kullanilarak yapilan hesaplamalar SoundPLAN 6.4 programinda, gergeklestirilmis, ara¢ hiz, trafik yiikii degistirilerek farkli
senaryolar olusturulmustur. Senaryolarda, parke tasi kaplama (PTK), diiz asfalt kaplama (DAK) ve gdzenekli asfalt kaplama (GAK)
olmak iizere ii¢ farkli yol kaplamasi ele alinmis ve degerlendirilmistir. Ug farkli yol kaplamasi icin, iilkemiz ve Avrupa Birligi
mevzuatinda belirlenen giindiiz-aksam-gece giiriiltii gostergelerinde ve <55, 55-65, 65-75 ve >75 dBA giiriiltii seviyelerinde
birbirlerine gére durumlari, maruz kalinan alan agisindan degerlendirilmistir. Caligma, Adana il merkezinde bulunan ii¢ farkli
bulvar giizergdhinda yapilmistir. Maruz kalmnan alan agisindan tim zaman dilimlerinde 55 dBA’nin altinda olan giiriiltii
seviyelerinde PTK toplam hesaplama alani igerisinde en diisiik yiizdeye sahip oldugu goriilmiistiir. Niifus agisindan ise 55 dBA’dan
daha disiik giiriiltii seviyelerinde DAK ve GAK kaplamalarda PTK’ya gore hesaplama alanlarindaki niifusun daha fazlas1 maruz
kaldig1 goriilmistiir. Hesaplama alanlarinda 55 dBA giiriiltii seviyesinin altinda kalan konutlar degerlendirildiginde PTK giindiiz-
aksam-gece zaman dilimlerinde diger iki yol kaplamasima gore daha diisiik bir ylizdeye sahip oldugu goriilmiistiir. Asir giiriilti

seviyelerine (>75 dBA) maruz kalinan alanlar ve maruz kalinan niifus tahmin edilerek bu alanlarda bulunan duyarli yapilar
(konut, hastane vb.) ve bu yapilara maruz kalan kisi sayis1 belirlenmistir.

Anahtar Kelimeler: Giiriiltii, cevresel giiriiltii, karayolu giiriiltiisii, giiriiltii haritalari, NMPB, SoundPLAN.

Investigation of Contribution of Various Road
pavements to Environmental Noise Level on
Highways: Adana Example

ABSTRACT

In this study, the noise effects caused by roadway pavement were examined. The calculations made using the NMPB Routes 96
roadway noise estimation model were made in SoundPLAN 6.4 program, vehicle speed and traffic load were changed to create
different scenarios. In the scenario, three different road coverings were evaluated and evaluated, including cobblestone paving
(PTK), flat asphalt pavement (DAK) and porous asphalt pavement (GAK). For three different road coverage, in daytime-evening-
night noise indicators as specified both in our country and the European Union legislation, and at noise levels of <55, 55-65, 65-
75 and 75 dBA according to each other, housing. The study was conducted on three different boulevard routes in Adana province
center. From the point of view of the exposed area, it has been found that the noise level of less than 55 dBA in all time periods
has the lowest percentage of the total calculation area of PTK. In terms of population, noise levels of less than 55 dB A were found
to be more exposed in the calculation areas than in the PTC for DAK and GAK coverage. When the residences below the noise
level of 55 dBA were evaluated in the calculation areas, PTK was found to have a lower percentage in the daytime-evening-night
time period than the other two roads. The areas exposed to extreme noise levels (> 75 dBA) and the exposed population were
estimated and the number of sensitive structures (housing, hospitals, etc.) and the number of people exposed to this structure were
determined. In addition, the data obtained in the study are mapped.

Keywords: Environmental noise, road noise, noise maps, NMPB, SoundPLAN.

1. GIRIS (INTRODUCTION) tanimi istenmeyen yani arzu edilmeyen sestir. Toplu
Giiriiltii gevre kirliliginin goriilmeyen bir boyutudur ve ~ yasamanin gereksinimlerini yerine getirirken ortaya
insan sagligi hem psikolojik hem de fizyolojik olarak ¢ikan faaliyetlerden dogan sesler kimi zaman giiriilti

etkilemektedir. Giiriiltiiniin en yaygin ve kabul edilebilir olar.ak algllanmakta.dlr. Ozellikle 18. ve 19. yiizyillarda
yeni buluglarin liretimde uygulanmasi ve buhar giicliyle

*Sorumlu Yazar (Corresponding Author) calisan makinelerin makinelesmis endiistriyi dogurmasi
e-posta : zelihaselek@gazi.edu.tr sonucunda gerceklesen sanayi devrimi diger ¢evre
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sorunlar1 gibi giiriiltiiniin de fark edilmesinde kose tasi
olmustur. Aslinda giiriiltii sanayi devrimi ile ortaya ¢ikan
ve modern zamanlarin bir ¢evre sorunu degildir. Zira
Julius Caesar doneminde parke tasli Roma sokaklarinda

gece saatleri boyunca at arabalarinin = siirlilmesi
yasaklanmistir [1].
Niifus yogunlugu yiiksek giinlimiiz  endiistriyel

toplumlarinda giirtiltii  kirliligi biiyiik bir problem
olmaktadir. Bu toplumlarda, ulasimin tasidigt Snem
sebebi ile trafik giiriiltiisii ve bunun iginde o6zellikle
karayolu giiriiltiisii, en bagta gelen giirtiltii kaynagidir [2].
Basta ulagim giirtiltiisi olmak {iizere teknoloji artig1
olarak ortaya ¢ikan ve 1960’11 yillardan sonra toplumun
cesitli kesimlerinde rahatsizlik boyutu artan giiriilti,
iizerinde arastirma yapilmasi gereken bir rahatsizlik
unsuru olarak  degerlendirilmektedir. Yapilan
aragtirmalar giirtiltiiniin ¢evre faktdriine bagli olarak
insan ve toplum sagligi iizerinde biiyiik bir risk
olusturdugunu ve kentlerde giiriiltiiden dogrudan
etkilenen kisi sayisimin  giderek artigini  ortaya
koymustur. AB niifusunun %20’sinin 65 dBA ’nin,
%40°’nin 55 dBA’nin iizerinde ulagim giiriiltiisiine maruz
kaldig1 bilinmektedir[3].

Son yillarda Avrupa Birligi {iyeligi siirecinde her alanda
oldugu gibi ¢evre alaninda da ¢aligsmalarin i¢inde giiriiltii
iizerine calismalar gbze c¢arpmaktadir. Ulkemizde
AB’nin 2002/49/EC nolu Cevresel Giiriiltii Direktifine
uyumlu olarak Cevre ve Orman Bakanligi tarafindan
hazirlanan ve 01.07.2005 tarih, 25862 sayili Resmi
Gazetede yayinlanarak yiriirliige giren “Cevresel
Giriltiniin  Degerlendirilmesi ve Yonetimi (CGDY)
Yonetmeligi” ile AB’ye uyum siireci i¢indeki gerekli
diizenlemeyi yapmigti. AB’nin 2002/49/EC nolu
Cevresel Giiriilti Direktifi dogrultusunda hazirlanan
CGDY Yonetmeliginin amaci “gevresel giiriiltilye maruz
kalinmasi sonucu kigilerin huzur ve siikiinunun, beden ve
ruh sagliginin bozulmamas: igin gerekli tedbirlerin
almmmasini saglamaktir”. 2005°de hazirlanarak yiiriirlige
giren yonetmeligin ardindan uygulama siireci ic¢inde
ortaya ¢itkan  eksiklikler, {ilkemizin yapisindan
kaynaklanan 6zel durumlar vb. gereksinimlerden dolay1
s6z konusu yonetmelik 07.03.2008, 04.06.2010 ve
27.04.2011 tarihlerinde Resmi Gazetede yayimlanarak
revize edilmistir. CGDY Yonetmeligi Madde 18’de
karayolundan ¢evreye yayilan giiriiltii seviyesi ve
giiriiltiinlin  6nlenmesine iliskin sinir degerler bu
Yonetmeligin ekindeki Ek-VII Tablo-1’de belirtilmistir.
Karayollarindan kaynaklanan cevresel giiriiltii seviyesi
bu Yonetmeligin ekindeki Ek-VII’de yer alan sinir
degerleri agamaz [4].

Avrupa  Komisyonu’nun  “Glirlilti”  konusunda
olusturdugu bes ayr1 c¢alisma grubundan biri, giiriilti
haritalarina yonelik olarak calismaktadir. Degisik
iilkelerden katilimcilarin yer aldigi ve 1998 yilinda
caligmalarina baglayan grubun temel amaci, giiriiltii
haritalarmin  olusturulmasma yonelik bir ydnerge
hazirlamaktir. Ayrica, uluslararasi Olgekte, giiriltii
diizeylerinin ve etkilerinin belirlenmesini igeren bir bilgi
bankasinin olusturulmast da amaglanmaktadir [5].

Almanya’da, yalnizca karayolu trafik giiriiltiisiiniin

degerlendirilmeye alindigi o6lgmeye dayali giiriilti
haritalarinin hazirlanmasina 1960’1 yillarda
baglanmigtir. 1970°li yillarda ise, giiriilti diizeyini

tahmin model ve yontemleri gelistirilmeye baglanmus,
ozellikle 1990 yilindan sonra, bilgisayar programlari
yardimu ile haritalarin ¢ok daha hizli, hassas ve ayrintili
olusturulmas: olanakli duruma gelmistir. 1980 yilina
kadar Almanya’da yer alan 40 sehir ve kasabanin giiriiltii
haritas1 olugturulurken bu sayi, 1992’ye kadar 350’ye
ulagmistir [6]

Ho vd. yaptiklar1 ¢alismada lastik/yol giiriiltiisiine yol
kaplamalarin ~ ve lastik bozulmasinin etkilerini
incelemislerdir [7]. Trafik giiriiltiistinii azaltmak igin yol
kaplamalar1 ve lastiklerin diisiik giiriiltiiye sebep olacak
tiplerinin  giiriiltiiye  duyarli alanlarda  kullanim
benimsenmistir. Fakat bu giiriiltii seviyesini azaltacak
lastiklerin ve yol kaplamalarmin dayaniklilik ve
saglamlik agisindan tereddiitler vardir. Caligmada
Olgiilen bes tir disiik gilrilti yiizey kaplamasinin
lastik/yol giiriiltiisiine yilda 1.2-1.5 dB(A) bir katkisi
oldugu gorilmistiir. Lastiklerin kauguk sertligi ayda
yaklagik 0.6 ile 1 degerlik giiriilti artigina neden
olmaktadir. Lastik/yol giiriiltii seviyesindeki artig yol
yiizeyi kaplamasina bagl olarak her bir birim i¢in 0,08-
0,48 dB(A)’lik fark olusturmaktadir. Lastik/yol
giiriiltiisliniin artigina test lastigin deformasyonuna bagl
olarak yilda 0,6 dB (A) etkisi olmaktadir.

Freitas vd. yaptiklar1 ¢alismada farkli yol tipleri, arag
hizlari ve trafik yogunlugunun trafik giiriiltiisiine
etkilerini arastirmiglardir [8]. Caligmada arag¢ hizlar1 ve
trafik yogunlugu acisindan parke taslari, yogun asfalt ve
asfalt kaucuk kaplamalarin rahatsizlik derecesi agisindan
trafik giiriiltiisiine etkileri degerlendirilmistir. Calisma
sonucunda parke tasi kaplamalarin giiriiltii agisindan en
rahatsiz edici oldugu tespit edilmistir. Yogun asfalt,
asfalt kauguk kaplamaya gore daha az giiriiltii rahatsizlig
olusturuyor olmasina ragmen bu farklik istatistiksel
acidan anlaml degildir. Trafik yogunluklarmin artiginda
oldugu gibi daha yiiksek arag hizlar1 da daha fazla giiriilti
rahatsizliklarina yol agar.

Praticoa ve Lédéeb yapmis olduklari ¢alismada trafik
giriltisiini  azaltmak igin kaplamalarm kullanimin
incelemiglerdir [9]. Calismada farkli kaplamalar analiz
edilmis ve girilti 6zellikleri agisindan listelenmistir.
Calismanin  sonuglar1  gostermistir ki giliriiltiiniin
azaltilmast i¢in yeni triinlerin gelistirilmesi daha genis
kullanim alani igin gerekli ve faydali olabilir.

Donavan yapmis oldugu c¢alismada  gozenekli
kaplamanin yol kenarindaki giiriiltii seviyesine etkisini
incelemistir [10]. Gozenekli kaplamalar {izerindeki
onceki ses ¢aligmalarinin sonuglart ile yol-lastik kaynak
seviyeleri karsilagtirildiginda, ilave 3.4 ve 4.1 dB’lik
azalmanin gozenekli kaplama tarafindan saglandigi
sonucuna varmistir.

Chu vd. yapmis olduklar1 ¢alismada asinma tabakalari
tiplerinden biri olan gdzenekli asfalt kaplamalarda ses
emiliminin  iyilestirilmesini  incelemiglerdir ~ [11].
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Caligmada sirast ile %12, %16, %20 ve %25 olmak iizere
dort ayr1 gézenek orani test edilmistir. Karisimlarin ses
absorpsiyonu ve lastik kaplama girilti azaltma
kabiliyetinin etkinligi, deneme kesitlerinin laboratuvar
verileri ve alan Olgiimleri kullanilarak
degerlendirilmistir.  Yiizde go6zenekliligin %25 ten
%12’ye degistirilmesinin, ses emiliminin frekans
ozelliklerinde baz1 degisikliklere neden oldugunu, ancak
lastik kaplama giriiltiisiiniin ~ azaltilmasimna olan
katkilarinda g6z ardi edilebilir degisikliklere neden
oldugunu bulmustur. Diger yandan, karisimlardaki
gozeneklerin tikanmasi, hem ses emme katsayilarinda
hem de lastik kaplama giiriiltiisii azaltmalarinda gozle
goriiliir bir diisiise neden oldugu tespit edilmistir.

Ding ve Wang yapmis olduklari calismada, sonlu
elemanlar metodu-sinir elemanm (FEM-BEM) analizi ile
birlestirilmis modelleme yaklagimi kullanilarak, kaldirim
yiizeyinin ve gdzenekli yiizeyin, lastik kaplama giirtiltiisii
iizerindeki etkileri arastirillmistir [12]. Calisgmada daha
yiiksek doku seviyelerine sahip ylizey tipi, hem gézenekli
hem de gdzeneksiz yiizeyler i¢in genellikle daha fazla
giiriilti Girettigi ancak ayni yiizey dokusu kosulu altinda
gozenekliligin ~ artmasiyla  giriiltiniin ~ azaldig1
belirtilmektedir. Bununla birlikte, gozenekli
kaplamalarin farkli ses emilim katsayilarina bagl giiriiltii
degisimi, ylizey dokusunun giiriiltii iizerindeki etkisi
kadar 6nemli olmadigi caligmada ifade edilmektedir.
Ulkemizde de son yillarda gevresel giiriiltii konusunda
tniversite ve ilgili kurum-kuruluslarda c¢aligmalar
yaptlmis olup Ozellikle bu c¢aligmalarin bir kismu
karayolundan kaynaklanan ¢evresel giiriiltii bilesenlerini
ele alip degerlendirmistir. [13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24]

Bu g¢alismanin amaci, karayolu giiriilti kaynaginin
azaltilmast igin karayolu kaplamalarinin trafik 6zellikleri
ile beraber degerlendirilmesidir. Boylelikle yol diginda
herhangi bir fiziki yapi (giiriiltl bariyeri vb.) yapilmadan
giiriiltiideki degisimlerin ne sekilde degistigi goriilmeye
calisilacaktir. Boylelikle ozellikle planlama
asamasindaki  yollarin  se¢imlerinde gilizergahlarin
tespitinden, yol yiizeyi kaplamasinin tiiriine kadar tiim
degiskenlerin  karayolu ulasimindan kaynaklanan
gevresel giiriiltii degisimindeki etkileri ortaya g¢ikmis
olacaktr.

2. MATERYAL VE METOD (MATERIAL and
METHOD)

Karayolu giiriiltiisii ~ standartlar1  birgok  iilkede
uygulanmaktadir. Bir karayolunda agiga ¢ikan giiriilti
tim standartlar tarafindan bir genis bant ses olarak
hesaplanmaktadir. Araclarin lastik, motor, sanziman ve
egzoz giiriiltiileri birbirinden ayr1 olarak degil, biitiin
halinde degerlendirilmektedir. Kamyonlar ve yolcu
tasitlart i¢in hiza baglh olarak degismeyen, ayni frekans
degeri kullanilir. Tiim modeller bir kaynak ve bir de
yayillim modeli olarak iki kisma ayrilir. Karayolu igin
emisyon giiriiltii diizeyi (temel giiriiltii diizeyi olarak da
adlandirilir), tanimlanan trafik parametrelerine gore belli

bir referans uzakliginda hesaplanir. Giiriiltii tanimlamasi
icin ses enerjisi kullanilmamaktadir. Ancak burada
belirtilen referans uzunlugu da her standartta farkli
sekilde belirtilmektedir. 10, 12,5, 15 ve 25 m gibi
ornekler mevcuttur.

2002/49/EC sayili Avrupa Birligi Direktifinde [25],
Fransa’da trafik giiriiltiisii tahmini, modellemesi ve
hesaplanmasinda kullanilan Nouvelle Méthode de
Prévision du Bruit “NMPB-Routes 96 isimli yontemin
kullanilmasi dnerilmistir. Bu yontem, Fransa Ulagtirma
Bakanligi ve farkli enstitiiler “CSTB (Centre Scientifique
et Technique du Batiment), SETRA (Service d'Etudes
Techniques des Routes et Autoroutes), LCPC
(Laboratoire central des ponts et chaussées.), LRPC
(steer the regional civil engineering inter-laboratory
committee)” tarafindan 1980’deki “Guide de Bruit”
metodu etrafinda gelistirilmistir [26]. Ayrica, yontem
ISO 9613’iin o6nerdigi meteorolojik kosullart ve uzun
mesafeleri de (d >250m) dikkate almaktadir.

Bu calismada kullanilan NMPB-Routes 96 giiriiltii
tahmin modeli 125 Hz ve 4 kHz arasindaki oktav
bantlarda (1/1 Oktav) uygulanip c¢izgisel kaynaklarin
noktasal kaynaklara doniistiiriilmesi prensibine dayanir.
Modelde giiriiltii kaynaklarinin yol yiizeyinden 0,5 m
yiikseklikte oldugu varsayilir.

Ayrica, model yola dik olarak 800 m mesafe icerisindeki
yerden en az 2 m yikseklikte alici noktalart igin
uygulanir. Bu yontem giiniimiizde SoundPLAN, CadnA
ve 01 dB gibi gelismis ticari yazilimlarda da en c¢ok
kullanilan Trafik Giiriiltiisii Modellilerinden (Traffic
Noise Model-TNM) biridir. 2000 yilinda, SETRA’nin

talebi lizerine NMPB-Routes-96 metodu tekrardan
gozden gegirilerek NMPB Routes-2008  seklinde
revizyona ugramustir [27].

Hesaplamalarda kullanilan 1zgara interpolasyonu;

min/maks (dB): 10, fark (dB):0.15, alan biiyiikligi 9x9,
1zgara araligit ise 5 m olarak alinmistir. Cizgisel
kaynaktan noktasal kaynaga ayirma ilkesi gergevesinde
yol <10° esit agilara ya da alic1 ile kaynak arasindaki egik
uzakligin yarisindan az olmamak {izere <20 m’lik sabit
uzunluklara boliiniir. Noktasal kaynak her bir parganin
orta noktasi esas alinmak iizere yerden 0.5 m yiikseklikte
kabul edilir. Cizgisel kaynaklar noktasal kaynaklara
ayrilirken yukarida anlatilan sartlart saglamakla beraber
akustik anlamda da homojen pargalara ayrilmalidir. Yani
yol genigligi, kaplama, serit sayisi, trafik ozellikleri
bakimindan degisiklik gostermemelidir. Kullanilan
yonteme ait hesap adimlar ile ilgili detayli bilgilere
Bozkurt tarafindan hazirlanan doktora tezinden
ulagilabilir [28] .

Caligma alan1 olarak Adana Biiyiiksehir Belediye
sinirlart igerisinde kalan ve tasit yiikii bakimidan yogun
olan Ali Bozdogan, Turgut Ozal ve Kenan Evren olmak
iizere ii¢ ana gilizergah secilmistir (Sekil 1).

Bu ii¢ giizergahin yol genisligi, egimi gibi topografik
unsurlart sabit kalmak {izere trafik yiikii, kompozisyonu,
tasit hizlar1 ve de ¢aligmaya konu olan yiizey kaplamalari
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degistirilmek sureti ile olusturulan alt1 farkli senaryoya
gore hesaplamalar yapilmustir.

Calismada Adana merkezinde belirlenen ii¢ giizergahin
etrafindaki alanlar ve yapilasma durumu bakimindan
(bina yogunlugu, yol aksina uzaklik vb.) birbirinden
farkli alanlar olmasma dikkat edilmistir. Calisma
alanlarinin ncz, cad, dxf vb. uzantilardaki topografik veri,
arazi  kullanimi,  binalarin  konumu, binalarin
yiikseklikleri, binalarin  kullanim amaci, giiriiltd
kaynaginin koordinatlari, kaynak ve alici arasindaki arazi
tipi gibi sayisal haritalar, Seyhan Belediyesi’nden temin
edilmistir.

Calismada kullanilan giizergahlarin sag ve solundan
(refiijden itibaren) 200 m olmak tizere toplam 400 m’lik
bir bant hesaplama alani olarak ele alinmis ve bu alan
icindeki bina, niifus vb. degiskenler hesaplamalarda
kullanilmistir. Ali Bozdogan Bulvari i¢in hesaplama
alan1 toplam 0.89 km2, bina sayis1 513 adet, niifus 7.629
kisidir. Kenan Evren Bulvari i¢in hesaplama alani toplam
0.72 km2, bina sayis1 599 adet, niifus 28.942 kisidir. Son
olarak Turgut Ozal Bulvari igin ise toplam hesaplama
alan1 0.98 km2, bina sayist 828 adet, niifus 32.832 kisidir.

LS TR N
b N

437654978

N 436766.434

m 4008122.330
o ah

Emniyet Genel Midiirliigii ve Tiirkiye Istatistik
Kurumu’nun 2012 verilerine gére Adana ilinde toplam
508.751 adet motorlu tasit bulunmaktadir. Bu saymin
120.813 adetini motosikletler olusturmaktadir. Geriye
kalan 387.938 adet motorlu tasitin 320.290 adeti hafif
vasita (otomobil, minibiis, kamyonet vb.), 67.648 adeti
ise agir vasitadir (otobiis, kamyon, traktor, 6zel amagh
tagit vb.) [29]. Calisma alanlarindaki trafik yiikiiniin
tespiti veri toplamadaki en dnemli adimdir. Zira araclarin
zamana bagli olarak degisen tip ve sayilar1 hesaplama
sirasinda kullanilan en dnemli degiskenlerdir. Il Emniyet
Midiirliigi Muhaberat Elektronik Sube Miidiirliigi
biinyesinde olusturulan Kent Giivenlik Yonetimi Sistemi
(KGYS) ve bu sisteme entegre calisan kameralar
tarafindan alinan 24 saatlik kayitlar incelenerek hafta ici
giinlerde iki hafta boyunca toplam 10 giin Turgut Ozal ve
Kenan Evren bulvarlarinda tagit sayimlari yapilmistir. On
giin boyunca hafif ve agir vasita olarak ayr ayr1 yapilan
sayimlarin ortalamalar1 alinmig ve gilizergdhin giinliik
trafik karakterizasyonu belirlenmistir. Kenan Evren ve
Turgut Ozal Bulvarlar ile ilgili olusturulan grafikler
Sekil 2 ve Sekil 3’de verilmistir.

Sekil 1 Caligma Alani (Study Area)
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Sekil 2 Kenan Evren Bulvan trafik 6zellikleri (Traffic characterization of Kenan Evren Boulevard)
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Sekil 3 Turgut Ozal Bulvar trafik dzellikleri (Traffic characterization of Turgut Ozal Boulevard)
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Sekil 4 Ali Bozdogan Bulvart trafik 6zellikleri (Traffic characterization of Ali Bozdogan Boulevard)

Bozdogan

Bulvari

i¢in

trafik

ozellikleri  yapilmustir. Bu sayimlar, 2012 yili ve Ekim ayimda hafta

belirlenmesinde bu giizergahta herhangi bir kamera
sistemi olmadigindan tasit sayimlar1 giizergah iizerinde

ici glinlerde giindiiz, aksam ve gece zaman dilimlerini
kapsayacak sekilde yapilmis ve bu giizergahtaki tasit
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sayilari, belirtilen zaman dilimlerindeki ikiser saatlik
gozlemler sonucunda elde edilen hafif ve agir vasita
sayilarinin ortalamalart alinarak elde edilmistir. Bu

sayimlar sonrasinda olusturulan histogram Sekil 4’te
verilmektedir. Tiim ¢aligma alanlarina ait zamana bagl
tasit sayimlar1 Cizelge 1’°de gosterilmistir.

Cizelge 1 Caligma alanlar trafik 6zellikleri (Study areas traffic characteristics)

Giizergahlar

Zaman Tasit Tiirii Kenan Evren Turgut Ozal Ali Bozdogan Bulvari

Dilimi (Ad/Tast) Bulvart Bulvart
o Hafif 22.800 25.982 21.166
O70010:00) | A 2.020 1987 2.044
Toplam 24.820 27.969 23.210
Hafif 7.422 7.969 5.387
Aksam Agir 548 447 646
(19:00-23:00) Toplam 7.970 8.416 6.033
Gece Hafif 2.989 2419 2.115
’ . Agir 235 172 207
(23:00-07:00) Toplam 3.224 2501 2.322
Hafif 33.211 36.370 28.668
GAG Agir 2.803 2.606 2.897
(24 Saat) Toplam 36.014 38.976 31.565

Calismada, uluslararasi kullanimi olduk¢a yaygin olan
Cografi Bilgi Sistemleri (CBS) tabanli SoundPLAN 6.4
simiilasyon programindan yararlanilmistir. S6z konusu
programin, giriltii haritalarinin  hazirlanmasi, yapi
yilizeylerinde istenen noktalarda olusan  giriilti
diizeylerinin saptanmasi, engel tasariminin yapilmasi
gibi bir¢cok kullanim alani s6z konusudur. Amaca uygun
olan standardin se¢iminin ardindan, hesaplamalar icin
giiniin zaman dilimine bagl olarak, ulagim yogunlugu,
agir tasit ylizdesi, tasitlarin ortalama hizlari, yol
kaplamasinin cinsi, yolun egimi, serit sayis1 vb. veriler
programa girilmektedir. Kaynak ses diizeylerinin hesap
yolu ile belirlenmesi disinda, dogrudan programa
girilmesi de olanaklidir. Cevreye iliskin olarak ise, arazi
egimi, zemin cinsi, yesil alanlarin ozellikleri, engel
niteliginde olan yiikseltiler (duvar, tepe gibi), yapilarin
yiikseklikleri ve yansiticilik ozellikleri vb. giiriilti
diizeyini etkileyebilecek tiim verilerin  girilmesi
gereklidir [14].

SoundPLAN 6.4 simillasyon programinda se¢im
listesinde yol yiizey eklemeleri tercihi bulunmaktadir. Bu

tercihte tiim standart yol ylizey tipleri bulunmakla
birlikte yer almayan yol yiizeyleri i¢in ise farkli yol tipi
se¢imi yapilabilmektedir.

Caligma alanlarinin ncz, cad, dxf vb. uzantilardaki
topografik veri, arazi kullanimi, binalarin konumu,
binalarin yiikseklikleri, binalarin kullanim amaci, giiriiltii
kaynaginin koordinatlari, kaynak ve alici arasindaki arazi
tipi gibi sayisal haritalar, Seyhan Belediyesi Emlak ve
Istimlak Miidiirliigii Harita Bilgi Islem Birimi’nden
temin edilmistir. Ayrica, altlik olarak kullanilacak olan
calisma alanlarinin gerek uydu gerek ortofoto haritalar,
ILBANK Adana Bolge Miidiirliigii’nden temin
edilmistir. Caligmada belirlenen giizergahlarda ii¢ farkli
yol kaplamasi (Sekil 5) degerlendirilmis ve sonuglarin
birbirleri ile karsilagtirmasi yapilmistir. Bunlardan ilki
geleneksel anlamda normal-diiz asfalt kaplama (DAK),
ikincisi ise diinya genelinde 1950’lerden buyana

kullanmlan g6zenekli (gegirimli-poroz) asfalt kaplama
(GAK) ve son olarak da iilkemizde son yillarda 6zellikle
sehiri¢i yollarda ¢ok sik kullanilan parke tasi kaplamadir
(PTK).

PTK

Sekil 5 Kaplama tipleri (Pavement types)
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3. .BULGULAR VE TARTISMA

Calismada ii¢ degisik yol kaplamasi i¢in degisik hizlarda
ve trafik yiiklerinde 3 farkli senaryo denenmistir.
Denenen bu senaryolar Cizelge 2’de gosterilmektedir.

Cizelgede gosterilen Resmi Hiz Smir1 (RHS) degeri hafif
ve agir vasitalar igin 50 km/saat olarak alinmis olup bu
deger Karayollar1 Trafik Yonetmeligi g6z Oniinde
bulundurularak alinmustir.

Senaryo-I’de, Karayollar1 Trafik Yonetmeligi’nce

Senaryo-II"de ise, RHS yartya indirilmis, buna karsin
MTY nin iki kat arttifi kabulii ile hesaplamalar
yapilmistir.

Senaryo-III ise, bir 6nceki senaryonun tersi diisiiniilerek
RHS’nin iki katina ¢ikartiimasi ve MTY nin de yariya
diigiiriilmesi  ile olusturulmustur. Hazirlanan tim
senaryolar DAK, GAK ve PTK igin teker teker
hesaplanmis ve degerlendirilmistir. Cizelge 3’de tiim

belirlenen yerlesim alanlari igin RHS esas alinmig ve ggzerg.éhlar 1¢in trafik  yiikleri ve tagit hizlan
¢alisma giizergdhlarindaki KGYS ve diger yontemler — gOsterilmektedir.
kullanilarak  belirlenen arag  kompozisyonu ve
sayilarindan yararlanilarak elde edilen Mevcut Trafik
Yiki (MTY) iizerinden degerlendirilmistir.
Cizelge 2 Senaryolar (Scenarios)
Senaryolar DAK GAK PTK
Senaryo-I - RHS* -RHS -RHS
- MTY** - MTY -MTY
Senaryo-I1 -RHS /2 -RHS /2 -RHS /2
-MTY x 2 -MTY x 2 -MTY x 2
Senaryo-111 -RHS x 2 -RHS x 2 -RHS x 2
-MTY /2 -MTY /2 -MTY /2

(*) RHS: Resmi Hiz Sinir1
(**) MTY: Mevcut Trafik Yiikii

Cizelge 3 Hesaplamalarda kullanilan trafik yiikleri ve tasit hizlari (Traffic loads and vehicle speeds used in calculations)

£ ) Tasit Hizlan £ ) Tasit Hizlan £ ) Tasit Hizlar
> | Trafik (km/saat) > | Trafik (km/saat) > | Trafik (km/saat)
8] N oy | Hafit | oAgr | R AE‘/‘ka‘n) Hafif | Agr | 8 | AE‘/‘k[‘J‘n) Hafit | Agir
o 9 Vasita | Vasita O 9 Vasita | Vasita o 9 Vasita | Vasita
§ 31565 50 50 c o | 36014 50 50 = _ 38976" 50 50
9| 63130 25 25 g g 72028 25 25 g’g 77952 25 25
N E
8| 15783 100 100 W 18007 100 100 = 19488 100 100

Ayrica yukarida bahsedilen durumlarin tiimii gilindiiz
(Lgilindiiz), aksam (Laksam), gece (Lgece) ve giindiiz-

aksam-gece (Lgag) zaman dilimlerine goére de
degerlendirilmistir. Degerlendirme sonrasinda yol
kaplamalar1  arasindaki iligki ortaya koyulmaya

calistlmigtir. Dort zaman dilimi iginde DAK, GAK ve
PTK yol kaplamalar1 <55, 55-65, 65-75 ve >75 dBA

giiriiltii seviyelerine gore birbirleriyle mukayese edilerek
Avrupa Komisyonu tarafindan yayinlanan “Green Paper”
isimli dokiimana gore siyah, gri ve beyaz bolgeler
belirlenmis (Sekil 6) ve bu gélgelerde kalan alan, konut,
niifus ve sakin cephesi bulunan binalarda yasayan niifus
belirlenmeye caligiimustir.

Insan Yerlesimine Uygun

Olmayan Kisa Siire Maruz
Kardiyovaskiiler Etkiler Kaln;(a;m]‘d?agmne
ve Isitme Kaybina Neden P
Olabilecek Sinir
o | 60| o 70| ¢ |80 e 90| ¢ |100] ¢
Kardiyovaskiiler Uzun siire Uzun siire
Etkiler, Stres, maruz maruz
. . oo kalmalarda .
Yerlesim Alanlan: I¢in Guriltd Sikinti Uyku, Tletisim ve hafif kalmalarda Act Esigi
Sint Stres Performans isitme orta isitme
Bozuklugu kaybi kaybi
BEYAZ BOLGE GRE SIiYAH BOLGE
BOLGE

Sekil 6 Giiriiltii bolgeleri [30] (Noise zones)
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Calismada hiz ve trafik yiikiiniin degistigi 3 farkli
senaryoda ii¢ farkli kaplama tipi model iizerinde
denenmistir. Ali Bozdogan Bulvarinda, Senaryo 1,2,3’¢

Cizelge 4 incelendiginde Ali Bozdogan Bulvarinin
mevcut durumu (yol kaplamasi PTK) giindiiz-aksam-
gece giiriilti seviyesi (Lgag) 55 dBA’nin altinda kalan
alan yaklagik % 40 iken, ayni zaman dilimi i¢in 55
dBA’nin altinda maruz kalan niifus yaklasik % 60’tir.
Yine ayni zaman dilimi ve giiriiltii seviyesi i¢cin maruz
kalan konut sayis1 yaklasik % 72°dir. Yol kaplamasin

gore degisik kaplama tiirleri i¢in karsilastirilmasi asagida
sunulmustur:

Senaryo 1: Hesaplama alani dahilinde

DAK veya GAK olarak degistirilmesi halinde dzellikle
yukarida verilen degerlerde pozitif yonde degisimler
goriilmekte ve 75 dBA’nin iizerindeki giiriilti
seviyelerine maruziyetlerde de olumlu yonde azalmalar
goriilmektedir.

Cizelge 4. Ali Bozdogan Bulvari i¢in senaryo 1 durumunda yol kaplamalar1 (Ali Bozdogan Boulevard in case scenario 1 roadway

pavements)

Maruz Kalan Alan Maruz Kalan Niifus Maruz Kalan Konut
gr::; Lgg  Lenatr  Laam  Lowe Lo Lonaiz  Laam  Loee Lo Londiz  Loksam  Loce

(%)
DUZ ASFALT KAPLAMA
<55 4834 5417 57.05 73.65 66,55 7069 73.84 8622 7544 7828 7949 8334
55-65 27.24  24.02 22.7 1752 2293 2108 1928 1273 152 1429 1341 153
65-75  16.2 15.44 1497  8.83 9.82 8 6.82 1.04 8.57 7.24 7.1 1.36
>75 8.22 6.37 5.28 0 0.69 0.22 0.05 0 0.78 0.2 0 0
GOZENEKLI ASFALT KAPLAMA
<55 52.33 5773 6017 751 69.29 736 76.09 88.04 77.3 79.97 8047 84.65
55-65 2512 2219 212 1709 2201 1932 1812 1127 1468 1349 1335 1461
65-75 1557 1569 1544 7.81 8.27 7.02 5.8 0.68 7.64 6.54 6.17 0.75
>75 6.98 4.41 3.19 0 0.43 0.05 0 0 0.39 0 0 0
PARKE TASI KAPLAMA
<55 4027 4657 4958 7041 59.72 6432 68.08 8293 7173 748 76.17  82.23
55-65 31.33 28.06 2656 1824 2544 2392 2186 1467 1618 1543 1523 149
65-75 17.38  16.3 1591 1135 1253 10.6 9.39 2.4 10.14  8.99 8.01 2.87
>75 1101  9.07 7.96 0 2.31 1.15 0.68 0 1.95 0.78 0.59 0

Senaryo 2: Ali Bozdogan Bulvarinda tagit yiikiiniin iki
katina ¢ikartilip hizlarmin da yariya diisiiriilmesi
durumunu gosteren Cizelge 5 ’de, 55 dBA alt1 i¢in
Lgag irdelendiginde siras1 ile maruz kalan alan, niifus
ve konut
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PTK’da yaklasik yiizde olarak 14, 38 ve 56 iken bu
durum DAK’da; 25, 47, 64, GAK’da ise; 31, 51 ve
67°dir. Bu giiriiltii seviyesi i¢in yani 55 dBA altinda
GAK i¢in maruz kalinan yiizde degerler digerlerine
gore fazladir
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Cizelge 5. Ali Bozdogan Bulvari igin senaryo 2 durumunda yol kaplamalart (Ali Bozdogan Boulevard in case scenario 2
roadway pavements)

Maruz Kalan Alan Maruz Kalan Niifus Maruz Kalan Konut

gr::; Log  Lgindiz Lakam  Loece  Logag  Lgondiz  Laksam  Loece  Lgag  Lemndiz  Laksam  Loece
(%)

DUZ ASFALT KAPLAMA

<55 254 33.7 36.51 64.08 46.97 53.77 56.92 7894 63.67 6855 69.85 8178
55-65 39.14 3443 3333 1988 32.67 2838 27.07 16.7 19.73  16.8 16.73  13.35
65-75 1963 1839 18.02 1518 16.15 14.68 1353 4.37 1211 1192 1109 4.88
>75 1583 1348 12113 0.86 4.23 3.16 2.48 0 4.49 2.74 2.33 0
GOZENEKLI ASFALT KAPLAMA

<55 31.01 38.03 4081 6646 5137 57.7 6059 80.18 66.54 7091 7235 8211
55-65 35.9 3251 3138 192 30.05 26.68 2493 1597 182 16.6 1588 13.76

65-75 18.87 17.67 17.4 1409 1499 1289 1253 3.85 1194 1035 10 4.13
>75 1422 1178 1041 0.25 3.6 2.74 1.94 0 3.33 2.15 1.76 0
PARKE TASI KAPLAMA

<55 1448 2243 2692 589 38.11 4455 4818 75.04 5642 6211 6426 80.21
55-65 4454 4105 3831 2184 3711 3445 3215 1865 2413 209 19.53 13.46
65-75 2185 19.73 1946 1521 1847 16.06 1548 6.27 1323 123 1192 6.34
>75 19.14 16.79 1529 4.05 6.3 4.94 4.18 0.04 6.23 4.69 4.3 0

Senaryo 3:Yeni duruma gore olusturulan modelde Ali  degerleri biiyiikten kiiclige sirasi ile GAK, DAK ve
Bozdogan Bulvarina iliskin giiriiltii diizeyleri ile ilgi PTK seklindedir. Yine dikkatli olarak
veriler Cizelge 6°’da verilmistir. Tagit sayisinin  degerlendirilmesi gereken 75 dBA’min {izenindeki
azaltilmast buna karsillk hizlarinin  artirilmasi  maruziyet yiizdeleri de biiyiikten kiigiige PTK, DAK ve
durumunda dikkatlice izlenmesi gereken ve kritik GAK’dir. Buradan da anlagilacagi iizere GAK’m
seviye olan 55 dBA’nin altindaki maruziyet ylizdelerin

Cizelge 6. Ali Bozdogan Bulvar igin senaryo 3 durumunda yol kaplamalar1 (Ali Bozdogan Boulevard in case scenario 3
roadway pavements)

Maruz Kalan Alan Maruz Kalan Niifus Maruz Kalan Konut

z(AdrSZI; Lgag Lgiindﬁz Lak$am Lgece Lgag Lgﬁndﬂz La.ksam Lgece Lgag Lgt‘mdaz Laksam Lgece
(%)

DUZ ASFALT KAPLAMA

<55 4332 4927 527 7139 6147 66.22 69.83 83.61 728 7594 77.16 81.96
55-65 29.75 26.47 2476 1792 2484 2321 2139 1426 1586 1526 1465 15.6
65-75 16.77 1581 1557 107 1181 9.84 8.41 2.12 9.99 8.22 7.82 2.45
>75 10.16  8.46 6.98 0 1.87 0.75 0.38 0 1.37 0.59 0.39 0
GOZENEKLI ASFALT KAPLAMA

<55 53.8 58.78 6145 7521 69.12 7332 76.61 8821 7795 802 81.14  85.22
55-65 23.9 2135 2032 17.03 2228 19.72 1738 1134 1476 136 1299 144

65-75 1532 16.08 16.38 7.77 8.09 6.8 6 0.45 7.09 6.2 5.89 0.39
>75 6.99 3.8 1.85 0 0.51 0.16 0 0 0.2 0 0 0
PARKE TASI KAPLAMA

<55 34.8 41.3 4486 68 5459 60.02 63.03 8096 68.74 7207 7344 8161

55-65 34.07 30.64 2892 1857 2781 2539 2439 1566 16.8 16.02 1582 1471
65-75 1801 17.04 1666 1342 1456 1231 115 3.38 1172 1016  9.57 3.68
>75 13.11  11.08 9.56 0 3.04 2.28 1.09 0 2.74 1.76 1.17 0
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giiriilti.  maruziyeti
¢ikmaktadir

acisindan  avantaji  ortaya

Kenan Evren Bulvarinda Senaryo 1,2,3’e gore degisik
kaplama tiirleri ig¢in karsilastirilmasi  asagida
sunulmustur:

Senaryo 1: Gergek tasit yiikiiniin esas alindigi ve
iilkemizde uygulanan sehir i¢i hiz sinirlarinin hesaba
katilarak  olusturuldugu durum  Cizelge 7’de
verilmektedir. Burada PTK ve DAK arasinda
degerlendirme yapildiginda; 75 dBA’nin iizerinde

degerlerinde 2-3 kat fark oldugu goriilmektedir. Ayrica
55 dBA’nm altinda kalan maruziyetlerde de PTK diger
kaplamalara gore daha az yani diger kaplamalara gore
dezavantajlidir.

Senaryo 2: Kenan Evren Bulvari i¢in belirlenen trafik
ylkiiniin iki kat1 ve tasit hizlarinin yariya indirilmesi ile
olusturulan senaryo ile ilgili veriler Cizelge 8’de
gosterilmektedir. Kaplamalar1  giiriiltii  agisindan
degerlendirdigimizde, diger hesaplamalarin ¢ogunda
da tespit edildigi gibi GAK’mn bulundugu durumlarda

giiriiltiiye maruz kalan alan, niifus ve konutlarin yiizde

Cizelge 7. Kenan Evren Bulvari i¢in senaryo 1 durumunda yol kaplamalari (Kenan Evren Boulevard in case scenario 1 roadway
pavements)

Maruz Kalan Alan Maruz Kalan Niifus Maruz Kalan Konut
el L Lo Loww Low Moy Lyws Lo Losm Lgo L Lo Lo
(dBA)

(%)
DUZ ASFALT KAPLAMA
<55 6429 69.1 7143 725 7152 7431 7492 7636 7458 77.09 7747 78.19
55-65 8.93 9.09 8.93 15 1147 1109 1113 1575 9.87 9.53 9.68 14.22
65-75 125 1272 125 7.5 1049 852 7.92 0.16 8.86 7.53 7.01 0.74
>75 5.36 1.82 0 0 0.11 0.03 0.02 0 0.33 0 0 0
GOZENEKLI ASFALT KAPLAMA
<55 67.27 7222 7222 7027 7317 7551 7624 7535 7575 783 79.1 77.4
55-65 1454 11.11 1111 1352 1154 1164 1138 1824 11.04 1052 10.2 16.8
65-75 9.09 9.26 9.26 16.22 1204 1264 1225 6.41 10.37 1052 10.2 5.79
>75 9.09 7.41 7.41 0 3.27 0.21 0.14 0 2.85 0.67 0.5 0
PARKE TASI KAPLAMA
<55 61.11 6429 6545 7392 67 7151 7243 7723 6995 745 7525 80.44
55-65 18,52 1429 1454 1087 1433 1212 1172 1312 1403 1141 1121 11.26
65-75 7.4 8.93 9.09 1522 1121 1183 1185 961 9.68 10.24  10.2 8.3
>75 1297 125 1091 O 7.46 4.55 4.01 0.04 6.35 3.86 3.35 0

Cizelge 8. Kenan Evren Bulvari igin senaryo 2 durumunda yol kaplamalari (Kenan Evren Boulevard in case scenario 2 roadway
pavements)

Maruz Kalan Alan Maruz Kalan Niifus Maruz Kalan Konut
Aralik Lgag Lgindiz  Laksam Lgece Lgag Lgindiz  Laksam Lgece Lgag Lgingiz  Laksam Lgece
(dBA)

(%)
DUZ ASFALT KAPLAMA
<55 4821 5715 58.18 75 55.28 6358 6553 77.02 5947 67.01 6844 79.77
55-65 25 1964 20 9.62 2258 16.67 1533 1141 2127 1591 1486 9.86
65-75 8.93 8.93 9.09 9.62 1134 1105 1119 1147 9.89 9.38 9.68 9.86
>75 1786 1429 1272 5.77 10.83  8.69 7.95 0.12 9.39 7.71 7.01 0.5
GOZENEKLI ASFALT KAPLAMA
<55 51.79 60.71 6111 7255 5964 66.37 6834 7768 6328 69.52 7136 80.52
55-65 2322 17.85 1852 9.8 1946 1482 1357 1178 1853 1424 129 10.26
65-75 8.93 8.93 7.4 13.72 1133 1123 1121 1044 951 9.72 9.88 8.89
>75 16.07 125 1297 3.92 9.56 7.56 6.88 0.1 8.69 6.54 5.86 0.34
PARKE TASI KAPLAMA
<55 4285 4821 50.9 69.64 47.06 55 5781 74,62 51.67 59.37 6171 77.13
55-65 2857 25 23.64 125 2838 2279 2086 1152 2642 2124 19.73 1051
65-75 125 8.93 9.09 8.93 1155 1136 112 13.07 1037 9.87 9.7 11.02
>75 16.07 1786 16.36 8.93 13.02 1086 10.13 0.79 1155 9.53 8.87 1.34
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beyaz bélge olarak adlandirilan seviyede maruziyetler ~ Turgut Ozal Bulvarinda Senaryo 1,2,3’e gore degisik
daha fazladir. kaplama tiirleri i¢in  karsilastirilmast  asagida
sunulmustur:

Senaryo 3’te giizergahmn trafik yiikii ve tagit hizlarma ~ S€Naryo 1: Turgut Ozal Bulvari i¢in Senaryo 1 sartlari
gore yapilan diizenlemeler sonucunda elde edilen ~dahilinde olusturulan durum ile ilgili hesaplama
degerler Cizelge 9°da  verilmektedir. Bu degerler ~sonuglari Cizelge 10°da verilmektedir.

is1ginda 3. senaryo icin elde edilen sonuglara gére, Ozellikle 75 dBA’dan daha yiiksek giiriiltii seviyesine
ozellikle 75 dBA’nin iizerindeki degerlere maruz kalan ~ maruz kalan kisimlar degerlendirildiginde DAK ve
niifus agisindan yapilan degerlendirmede GAK’in  GAK i¢in niifus ve konut yiizdelerinde sifira yakin

avantajli oldugu goriilmektedir. degerlerin oldugu géze carpmaktadir.
Cizelge 10. Kenan Evren Bulvart igin senaryo 3 durumunda yol kaplamalari (Kenan Evren Boulevard in case scenario
3 roadway pavements)
Maruz Kalan Alan Maruz Kalan Niifus Maruz Kalan Konut
l(:rgil; Lgag Lgﬁndﬁz Laksam Lgece Lgag Lgﬁndﬁz Laksam Lgece Lgag Lgiindiiz Laksam Lgece
(%)
DUZ ASFALT KAPLAMA

<55 62.96 67.27 69.09 7442 6957 7321 7355 7675 72.63 76.05 7651 79.15
55-65 16.67 1454 1272 9.3 12.89 1157 1164 1427 1219 1089 1074 1278
65-75 7.4 9.09 9.09 16.28 11.61 1205 1186 8.96 10.02 10.39 1041 8.07
>75 12.97  9.09 9.09 0 5.93 3.18 293 001 5.17 268 235 O
GOZENEKLI ASFALT KAPLAMA

<55 69.1 7358 7272 7143 7418 76.89 77.37 7543 7722 7993 80.19 76.96
55-65 12.72  9.43 9.09 1428 1166 11.32 1132 197 1055 9.86 10.07 18.79
65-75 9.09 9.43 10.9 1429 12.08 1168 112 487 1056 9.7 939 424

>75 9.09 7.55 7.27 0 2.07 0.11 0.1 0 1.68 0.5 0.34 0
PARKE TASI KAPLAMA

<55 56.37 6296 625 7347 631 69.69 70.61 7813 6723 7291 73.74 8116
55-65 20 16.67 16.07 102 1725 1286 1238 12.03 16.05 122 11.7 10.32

65-75 9.09 7.4 8.93 1428 1115 1162 1156 9.81 9.37 9.86 9.87 8.52

Cizelge 9. Turgut Ozal Bulvari i¢in senaryo 1 durumunda yol kaplamalari (Turgut Ozal Boulevard in case scenario 1 roadway

pavements)
" Maruz Kalan Alan Maruz Kalan Niifus Maruz Kalan Konut
Al
(drg,;) Lgag Lgiindﬁz Lak$am Lgece Lgag Lg‘undﬁz La.ksam Lgece Lgag Lgt‘mdaz Laksam Lgece
(%)
DUZ ASFALT KAPLAMA

<55 6470 6696 6840 6495 6453 6719 6922 7117 79.89 81.98 8340 8152
55-65 1211 1097 1036 1954 1583 1525 1489 2858 10.67 9.67 9.21 18.24
65-75 12.86 1312 1415 1551 1945 1756 1589 0.25 9.33 8.34 7.39 0.24
>75 10.34 8.96 7.08 0.00 0.19 0.01 0.00 0.00 0.12 0.00 0.00 0.00
GOZENEKLI ASFALT KAPLAMA

<55 66.29 68.39 69.37 6358 66.50 69.13 7097 7149 8139 8340 84.60 81.07
55-65 11.32 1036 9.91 2140 1540 1494 1499 2848 991 9.21 8.85 18.66
65-75 13.08 14.03 1571 15.02 18.08 1594 14.05 0.03 8.58 7.39 6.54 0.27
>75 9.31 7.20 5.02 0.00 0.02 0.00 0.00 0.00 0.12 0.00 0.00 0.00
PARKE TASI KAPLAMA

<55 60.65 6347 6545 6738 60.88 63.24 6528 7155 7698 7893 80.36 83.58
55-65 1437 1272 1173 1473 1671 1621 1557 2454 12,00 11.02 1042 14.26
65-75 11.22 1259 1299 1772 19.16 1980 19.05 3091 9.45 9.57 9.09 2.17
>75 13.75 1121 9.83 0.17 3.25 0.76 0.11 0.00 1.58 0.48 0.12 0.00
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Senaryo 2: Sayilarak tespit edilen trafik yiikii (MTY)
ve resmi hiz simirlarnt (RHS) arasinda yapilan
degisikliklerle olusturulan durum ile ilgili sonuglar
Cizelge 11°de gosterilmektedir. S6z konusu ¢izelge
degerlendiril-diginde 75 dBA’nin istiindeki giiriiltiiye

ilgili degerler Cizelge 12’de verilmistir. Cizelge
degerlendirildiginde siyah bolge igerisinde kalan 75
dBA’nin iizerindeki giiriiltii seviyesine maruz kalan
niifus ve konutlarin yiizde degerleri DAK ve PTK’da
diger kaplama tiiriine gore daha yiiksektir.

maruz kalan niifus ile ilgili degisik zaman dilimlerinde

Cizelge 12. Turgut Ozal Bulvar igin senaryo 2 durumunda yol kaplamalar1 (Turgut Ozal Boulevard in case scenario 2
roadway pavements)

Maruz Kalan Alan Maruz Kalan Niifus Maruz Kalan Konut
Aralik Lgag Lgﬁndﬁz Laksam Lgece Lgag Lgﬁndiiz Laksam Lgece Lgag Lgiindiiz Laksam Lgece
(dBA)

(%)
DUZ ASFALT KAPLAMA
<55 53.46 56.87 59.87 69.39 5426 5722 6035 7255 70.61 7348 76.28 8551
55-65 18.66 16.77 1472 1052 19.62 1811 16.76 1641 1584 1404 1235 9.01
65-75 9.59 9.83 11.20 1814 1556 1697 1887 1105 8.46 8.84 9.45 5.48
>75 1829 16,52 1421 194 1058 7.71 4.01 0.00 5.08 3.63 194 0.00
GOZENEKLI ASFALT KAPLAMA
<55 56.18 59.39 62.17 6887 56.77 59.71 6211 7219 7312 7576 78.00 85.12
55-65 17.13 1526 1349 1146 1834 17.03 1666 1839 1428 1273 1136 10.01
65-75 9.82 10.72 1198 1864 1639 1867 1942 941 8.48 9.45 9.67 4.86
>75 16.88 1462 1236 1.03 8.48 4.59 181 0.00 4.12 2.06 0.97 0.00
PARKE TASI KAPLAMA
<55 46.84 51.01 5498 69.29 4709 5149 5562 70.76 63.80 68.12 7215 84.39
55-65 2280 2040 17.78 1003 2360 2129 1881 1503 2058 17.70 1489 8.96
65-75 9.95 9.45 9.71 1543 1509 1523 16.07 1422 8.96 8.60 8.36 6.66
>75 2040 1914 1752 527 1422 1199 9.49 0.00 6.66 5.57 4.60 0.00

Cizelge 11. Turgut Ozal Bulvari igin senaryo 3 durumunda yol kaplamalar1 (Turgut Ozal Boulevard in case scenario 3 roadway

pavements)

Maruz Kalan Alan Maruz Kalan Niifus Maruz Kalan Konut
gl o Do lom Dem Qe Dgoin Do bgs Doy lgewe Do e
(dBA)

(%)
DUZ ASFALT KAPLAMA
<55 55.79 5953 6179 68.61 56.64 59.66 6192 71.83 7328 76.02 77.77 84.60
55-65 1751 15113 1374 1161 18.48 1734 1649 1880 1415 1259 1159 10.52
65-75 9.82 1097 1211 1890 1642 1898 20.16 9.37 8.46 9.45 9.78 4.89
>75 16.88 1438 1236 0.89 8.46 4.02 141 0.00 411 1.94 0.85 0.00
GOZENEKLI ASFALT KAPLAMA
<55 60.20 63.04 6498 6726 6049 6312 6514 7147 76.63 78.61 8042 83.66
55-65 1461 1299 1196 1480 1697 16.19 1555 2464 1222 1111 1040 14.18
65-75 1133 1261 1310 17.77 19.35 20.05 19.27 3.90 9.57 9.78 9.07 2.15
>75 1386 1135 9.95 0.16 3.20 0.63 0.03 0.00 1.57 0.48 0.12 0.00
PARKE TASI KAPLAMA
<55 51.82 5592 5857 69.46 5275 56.61 5890 7200 69.86 7331 7521 85.16
55-65 20.12 1738 1587 1045 2039 1852 1752 1644 1635 1413 13.06 9.25
65-75 9.56 9.82 1045 1788 1566 1641 1793 1156 8.60 8.58 8.95 5.60
>75 1850 16.88 1511 2.20 11.19 8.45 5.65 0.00 5.20 3.99 2.78 0.00

GAK’1n olmast durumunda tespit edilen maruziyetler
diger iki kaplamaya kiyasla daha diisiiktiir.

Calismada ayrica, ti¢ farkli yol kaplamasinin, CGDY
Yonetmeliginde  belirlenen zaman  dilimlerinde
(Lglindiiz, Laksam, Lgece ve Lgag) dort giiriltii

Senaryo 3: Tasit hizlarinin iki katina ¢ikartilip trafik UnAL
seviyesinde (<55, 55-65, 65-75 ve >75 dBA)

yikiin yariya diistiriildigii durum olan 3. senaryo ile
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birbirlerine goére durumlari maruz kalmman alan
acisindan degerlendirilmistir. Yukarida sayilan giiriiltii
seviyelerinde yol kaplamalarinin tipine gore maruz
kalinan alanlar yiizde olarak Sekil 7°de verilmektedir.
Sekil 7 degerlendirildiginde maruz kalinan alan
agisindan tiim zaman dilimlerinde 55 dBA’nin altinda
olan giiriilti seviyelerinde Parke Tast Kaplamanin
(PTK) toplam alan igerisinde en diisiik yiizdeye sahip
oldugu gorilmiistiir. Bu durum istatistiksel olarak da
gece zaman dilimi hari¢ diger zaman dilimleri igin
anlamlidir (Lgilindiiz, p=0,036; Laksam, p=0,036;
Lgag, p=0,045).

55-65 dBA giiriiltii seviyesi arasinda kalan alanlardaki
durum; giindiiz ve aksam zaman dilimlerinde PTK
acisindan diger iki kaplamaya gore yani Diiz Asfalt
Kaplama (DAK) ve Gozenekli Asfalt Kaplamaya
(GAK) gore daha fazladir. Gece ve Gilindiiz-Aksam-
Gece zaman dilimleri degerlendirildiginde 55-65 dBA
giiriiltii seviyesi araliginda kalan alanin biiytikliigd, iic
yol kaplamast i¢inde oOnemli bir degisiklik

Lsionoiz
70
60
DAK GAK PTK
50
40

30

% Maruz Alan

20

10

<55 55-65 65-75 >75
Guriiltii Seviyesi dBA

LGECE
80
70
DAK GAK PTK
60
50
40

30

% Maruz Alan

20
10

<55 55-65 65-75 >75
Giirultii Seviyesi dBA

degerlendirildiginde, dort zaman dilimi i¢in de

birbirine yakin degerler oldugu gorilmistiir.

75 dBA’nm iizerindeki giiriiltii seviyesine maruz kalan
alanlar degerlendirildiginde, dort zaman diliminde de
PTK yolun bulundugu durumda maruziyetin en fazla
oldugu goriilmiistiir. Bu durum istatistiksel olarak ta
anlamhidir (Lgiindiiz, p=0,0; Laksam, p=0,0; Lgece,
p=0,01; Lgag, p=0,05).

Cesitli seviyelerdeki giirtiltiiler maruz kalinan alanlar
acisindan degerlendirildiginde; alt ve iist giirilti
seviyelerinde kalan alanlarin biiytikliikleri
kaplamalarin giiriiltii agisindan degerlendirilmesinde
belirleyici faktor olmaktadir. Zira alt seviye olan 55
dBA’nin altinda kalan alanlarin giiriilti agisindan
beyaz bolge oldugu goz oniine alindiginda, biyiikliik
durumu avantaj olarak degerlendirilirken iist seviyeye
olan ve siyah bolge igerisindeki 75 dBA’nin tizerinde
kalan alanlarin biyiikliik durumu dezavantaj olarak
karsimiza ¢ikmaktadir. Ara seviyelerin ise bu tiir
karsilagtirmalarda degerlendirilmesiyle net bir sonug

Laksam
70
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DAK GAK PTK
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40
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% Maruz Alan

20
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<55 55-65 65-75 >75
Giiriiltii Seviyesi dBA

I'GAG
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Sekil 7.Kaplama tipi ve zamana bagli olarak maruz kalinan konut dagilimi (Types of pavement and time-dependent residential

distribution)

gostermemektedir. Ug tip yol kaplamasi 65-75 dBA
arasindaki giiriiltii seviyesinde kalan alanlar agisindan

elde edilememektedir
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Ayrica yapilan calismada her ii¢ bulvara ait glindiiz,
aksam, gece ve giindiiz-aksam—gece olmak iizere
giiriiltii haritalar1 olusturulmus ve Ornek olarak bir
bulvara ait giindiiz-aksam-gece giiriiltii haritas1 Sekil
8’de sunulmustur.

Olgek1:25000
- —

Sekil 8 Ali Bozdogan Bulvar giindiiz-aksam-gece giiriiltii
haritalar1 (Ali Bozdogan Boulevard daytime-
evening-night noise maps)

4. SONUC VE ONERILER (CONCLUSIONS AND
RECOMMENDATIONS)

Yapilan g¢alismada 3 farkli gilizergdhta Diiz Asfalt
Kaplama (DAK), Gozenekli Asfalt Kaplama (GAK) ve

Parke Tas1 Kaplamanin (PTK) c¢evresel giriilti
acisindan etkinligi, hiz, trafik yikii ve zaman
degiskenlerine gore degerlendirilmistir.

Degiskenlerden hiz ve trafik yiikii kullanilarak
olusturulan 3 farkli senaryoda ti¢ farkli kaplama tipi
denenmistir. Calismadan elde edilen verilere gore
asagidaki sonuglara vartlmustir.

Mevcut durumda yol kaplamasi PTK olan Al
Bozdogan Bulvar1 (Mavi Bulvar-Kiyiboyu Arasi) i¢in
Senaryo 1’de yol kaplamasinin DAK ve GAK ile
degistirilmesi halinde, 55 dBA giiriiltii seviyesinin
altina daha fazla alan ve kisinin maruz kalacagini
gostermektedir. Senaryo 2’de PTK kaplamasinin alan
ve niifus maruziyeti acisindan dezavantajli durumu bu
senaryo icinde devam etmektedir. Senaryo 3’de
GAK’m hem 55 dBA’nin altinda hem de 75 dBA’nin

iistiinde diger kaplamalara gore daha avantajli oldugu
gorillmistiir.

Kenan Evren Bulvarinda yapilan modelleme
caligmalar1 degerlendirildiginde Senaryo 1 igin 55
dBA’nin altinda cevresel giiriiltii agisindan maruz
kalinan alan ve niifus acisindan avantaj bakimindan
sirasi ile GAK, DAK ve PTK seklindedir. 75 dBA’nin
tizerinde ise giiriiltiye maruz kalan alan, niifus ve
konutlarin yiizde degerleri incelendiginde PTK’nin
DAK’a gore 2-3 kat daha fazla dezavantajli oldugu
goriilmektedir. Ayrica Senaryo 2’de kaplamalar giirtiltii
acisindan degerlendirdiginde 55 dBA’nin altinda
maruz kaliman alan sirasiyla PTK (%43), DAK (%48)
ve GAK (%52) seklindedir. Fakat 75 dBA’nin iizerinde
kaplamalarin maruz kalinan alanin yiizdesi agisindan
degerler birbirine olduk¢a yakin olup bu durumda
kaplamalar birbirlerine gore iistlinliik
gosterememektedir. Senaryo 3’te ise, maruz kalan alan
ve niifus agisindan 75 dBA’nin iizerindeki yiizdelere
gore kaplamalar arasindan GAK’1 oldukga avantajlt
duruma getirmektedir.

Turgut Ozal Bulvarinda yapilan calismalarinda da
Senaryo 1 icin 55 dBA’dan daha diigiik giirilti
seviyelerinde DAK ve GAK i¢in birbirine yakin
yiizdelerde maruziyet goriilmiis, Senaryo 2°de GAK’in
diger iki kaplamaya gore oldukc¢a diisiikk maruz kalinan
alan, niifus ve konut yiizdesine sahip oldugu
gOriilmistiir. 3. senaryoda siyah bolge igerisinde kalan
75 dBA’nin tizerindeki giiriiltii seviyesine maruz kalan
niifus ve konutlarin yiizde degerleri DAK ve PTK’da
diger kaplama tiiriine gére daha yiiksektir.

Ug farkli yol kaplamasinin, CGDY Yé&netmeliginde
belirlenen zaman dilimlerinde (Lgiindiiz, Laksam,
Lgece ve Lgag) ve olmak izere dort girilti
seviyesinde (<55, 55-65, 65-75 ve >75 dBA)
birbirlerine gére durumlar: maruz kalinan alan, niifus
ve konut agisindan degerlendirilmistir. Maruz kalinan
alan agisindan tiim zaman dilimlerinde 55 dBA’nin
altinda olan giiriilti seviyelerinde Parke Tas1
Kaplamanin (PTK) toplam alan igerisinde en diisiik
ylizdeye sahip oldugu goriilmiigtir. Maruz kalinan
niifus acisindan ise 55 dBA’dan daha diistik giirtilti
seviyelerinde DAK ve GAK kaplamalarda PTK’ya
gore hesaplama alanlarindaki niifusun daha fazlasinin
maruz kaldig goriilmiistiir. Dort zaman diliminde de
yapilan degerlendirilmeler yol kaplamalarinin etkisi
maruz kalinan alanda bulunan konutlara gore
degerlendirildiginde ise, PTK Lgiindiiz, Laksam, Lgece
ve Lgag zaman dilimlerinde diger iki yol kaplamasina
gore daha diisiik bir yiizdeye sahiptir. Yani DAK ve
GAK’1in bulundugu yollarda 55 dBA’nin altindaki
giriilti  seviyelerine konutlar daha fazla maruz
kalmaktadir ki bu durum arzu edilen durumdur.

Bu calisma ¢iktilar1 gbéz Oniinde bulundurularak
belirlenen ii¢ giizergahtaki sonuglarin sehir igindeki
benzer yollar iginde ayni degerleri verecegi
diistiniilerek planlama asamasinda yol kaplamalarinin
tiirti, trafik yiikii hesaba katilarak yolun genisligi ve
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yollarin kenarindaki yapilarin yola olan mesafelerine
dikkat edilerek projelendirmeler yapilmalidir.
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0z

Bu c¢alismada, 4 serbestlik dereceli kilavuz ¢ekme makinesinin tasarimi, kinematic analizi ve simiilasyonu gerceklestirilmistir.
Tasarim i¢in Solidworks kullanilmigtir. Cihazin Solidworks montaji Simmechanics modiiliine transfer edilip MATLAB bloklar1
haline getirilmigtir. Manuel olarak ¢6ziimlenmis olan kinematic analizin sonuglart Mfunction ile sisteme tanitilip ug islevei

pozisyonuna bagli olarak sistemin hareketi kontrol edilmistir.
otomasyonla desteklenin montaj hatlar1 i¢in uygun bir ¢6ziimdiir.

Kilavuz ¢ekme makinasi tasarimi bilgisayar kontrolliidiir ve

Anahtar Kelimeler: Kilavuz ¢ekme makinesi, Simmechanics simulasyon, kinematik analiz.

Kinematic Analysis of Tapping Machine and
Simulation with Simmechanics

ABSTRACT

In this study, the design, kinematic analysis and simulation of a 4-degree-of-freedom tapping machine were performed. Solidworks
software was used. The design was transferred to the Simmechanics module and transformed into MATLAB blocks. The results
of kinematic analysis were introduced to the system with Mfunctions, and the movement of the system was controlled depending
on the position input. The tapping machine design is computer controlled and is a suitable solution for tapping on automation

supported assembly lines.

Keywords: Tapping machine, Simmechanics simulation, kinematic analysis.

1. INTRODUCTION

In recent years, developments in machine technology
have rapidly increased the tendency to design and use
automation oriented machines.

The tapping machine is a manipulator that performs
tapping in the manufacturing industry and assembly lines
with the automation system. In its design, kinematic and
inverse kinematic calculation systems were adhered to.
Movement ability was realized with coordinate
information. In the design, the limbs connected with
more than one joint increased the mobility. The
movement of the joints is provided by servomotors. The
design of the tapping machine was based on the
functional functions of industrial robots.

The history of industrial automation is characterized by
periods of rapid change in popular methods. The periods
of change in automation techniques depend on the world
economy. Industrial robots were described as unique
devices in the 1960s. With CAD-CAM systems,
automation in manufacturing processes has been re-
characterized as well. Comprehensive developments in
CAD-CAM systems directly influence and even manage
industrial automation [1]

*Sorumlu yazar (Corresponding Author)
e-posta : gulluakkas@erciyes.edu.tr

In the 2000s, about 78% of robot use in America included
welding and material loading robots. Within the
development process, 10% of robot automation has been
directed towards industrial applications [2]. The
experience gained in rough operations such as handling,
loading, and welding leads the way in the transition to
precision operations. The technological innovations and
developments that are experienced rapidly in the
industrial robot industry attract the attention of
researchers. The tapping process is a process that must be
shown sensitivity in the manufacturing sector.

The tapping process is a process that is used extensively
to open screws in holes [3]. The taps have threads in the
desired form around them and are comprised of one or
more cutters. Their profiles differ as they may be
cylindrical or conical [4,5]. According to the Turkish
Standards Institute, a tap is defined as a cutter with screw
threads on it that is used for cutting screws in holes that
are drilled in materials such as metal and plastics via
drilling bits or are brought to a specific point through
turning [4,5,6].

Tapping is basically the performance of drilling
operations. The screw is cut by combining the tool's
rotational and advancing movements. It can be done by
different methods, some of which are drilling machines,
machining centers, lathe centers equipped with rotary
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heads, conventional turning, and manually [7]. Current
developments in robotics allow the use of manipulators
with automatic control during tapping.

Different principles can be taken as basis for robot
manipulator control. Control by show and teach method,
offline programming, and control by artificial neural
network underlie them. The methods may be preferred
according to needs. The kinematic and inverse kinematic
equations need to be solved in order to use the
programming logic in control of the manipulator.
Coordinate information that is to be achieved constitutes
the movement of the end effector. The angle changes in
joints of the end effector which must be attained can be
determined by the DenavitHartenberg principle, which is
one of the basic principles of kinematics.

In complex nonlinear and coupled systems, the robot
manipulator cannot be efficiently controlled by the
conventional position-integral-derivative (PID)
controller. In order to enhance the effectiveness of the
conventional PID controller for nonlinear indeterminate
systems, the gains of the PID controller must be
conservatively set. The PID controller process must adapt
to parameter changes [8]. In this study, kinematic and
inverse kinematic equations were derived from the
DenavitHartenberg principle. MATLAB simulation was
performed by PID control for the derived equations.

In a research by Donya et al., a framework for neural
networks (NN) based consensus control is proposed for
multiple robotic manipulators systems (MRMS) under
leader—follower communication topology.Two
situations, that is, fixed and switching communication
topologies, are studied by using adaptive and robust
control principles, respectively. Radial basis function
(RBF), NN estimator, and observers are developed for
system uncertainty and the leader manipulator’s control
torque is provided online [9].

In “Computationally efficient and robust kinematic
calibration methodologies and their application to
industrial robots” by Messay et al., efficiency calculation
and robust kinematic calibration algorithms were studied
for industrial robots with partial measurements. This
involves finding the Cartesian coordinates of the
calibration points and applying some calibration
techniques to some reference points that require radial
measurement from the calibration points. The method
needs neither orientation methods nor explicit
information about where the reference axis is located.
Contrary to similar studies, the original Denavit-
Hartenberg kinematic model is simplified when both
methods are used. The simplified DH(-) model has not
only proven to be robust and effective in calibrating
industrial manipulators but it is also favored from a
computational efficiency viewpoint since it consists of
comparatively fewer error parameters [10].

2. DESIGN OF TAPPING MACHINE

The tapping machine design has a structure that can
perform the tapping function functionally. With the

addition of automation system to the design, tapping
ceased to manual job. With this machine, in addition to
standard tapping operations, screws can also be cut in the
angled holes. Angled tapping function was added with a
servo motor added immediately after the end effector.
The tapping machine was designed as a manipulator with
three degrees of freedom until the wrist and having three
axes. Two more movements were obtained in the design
by adding a servo motor and a hydraulic motor to the
wrist. Three servo motors positioned from the principal
axis to the wrist were used to position the wrist and make
it follow the desired trajectory. With the servo motor in
the wrist, the axis shift of the end effectorwas blocked so
that the trajectory was followed without any error and
oscillation. Thanks to the hydraulic motor placed on the
end effector, the tap head was made rotational.

Figures 1 and 2 show the working space suitable for the
tapping machine. Due to the geometric constraints for the
first limb in this working space, the 62 angle must not
exceed 90° (Figure 3). If this limit is exceeded, the end
effector and upper limbs hit the table placed on the floor.
The working space was abided by to avoid damage that
might occur in the machine. In the second limb, the angle
03 must be between -90° and 160° (Figure 3). Thus, the
collision of the first limb with the tail part of the second
limb, which is its balance element, is prevented. With
these boundaries kept, it can be understood from the
figure within what maximum limits the machine will
move.

664,98

Figure 1 Basic measures for the tapping machine.

Figure 2 Working space boundaries obtained for the tapping
machine.

432



KINEMATIC ANALYSIS OF TAPPING MACHINE AND SIMULATION WITH SIMMECHANIC ... Politeknik Dergisi, 2019; 22 (2) : 431-436

Figure 3. Positioning, rotation angles, and parametric
measurements of the axes for the tapping machine.

Tapping is a two-dimensional straight line in terms of the
path it is to follow. A robot arm with two joints is
sufficient to follow such a line. However, the mobility of
two-jointed manipulator is planary. To remove the design
from the planarity, a rotary joint was placed at the bottom
of the main body. The tapping machine turned into an
anthropomorphic structure. Thus, a design having a
capacity to operate in two parallel bands based on the
need was obtained. Figure 3 shows the joints that were
rotated and the ways they were rotated.

The positioning of the end effector is completely
provided by the first three joints, which are expressed by
the angles 01, 62, and 63. With the help of the joint
expressed by ®4, oscillations and axis deviations of the
end effector are prevented during movement. Thus, the
trajectory is followed with fewer errors.

Figure 4 shows the mechanical structure of the tapping
machine. The three bar mechanisms on the upper arm
ensure that the end effector always works in a
perpendicular way to the working space. If an angled
operation is required, the desired angle can be applied to
the end effector via the fourth servo motor.

Figure 4 The tapping machine.

3. DYNAMIC ANALYSES FOR THE TAPPING
MACHINE

The method of analysis in which the motions and
behavioral characteristics of the mechanisms, the
tendency of velocity, and the effect of force on motion
are analyzed is expressed as dynamic analysis (Figure 5).

Figure 5. Variable angle values to be used in kinematic
analysis (Figure shows the position where the
equipment angle values of the device are zero).

In the robotics this becomes more specialized. In this
study, the basic principles of robotics were provided, and
the mechanical structure of the manipulator was analyzed
by Denavit-Hartenberg parameters. AXis sets were
placed according to this principle, and the variable
parameters of the axes were determined. On the basis of
this principle, the mathematical model needed to obtain
the position by looking at the angle through forward
(direct) kinematic equations was reached. With the
inverse kinematic equations, the mathematical model
needed to obtain the angle by looking at the angle was
showed.

Kinematic Analysis for the Tapping Machine

There are separate vectorial representations for each
point of axis and there are matrices defined for each
vectorial representation. These matrices are determined
by the Denavit Hartenberg principle. Table 1 shows the
table of the Denavit Hartenberg parameters defined for
the tapping machine [11].

Transformation matrices were formed based on Denavit
Hartenberg parameters. 12=571.34 mm and 13=649.97

Table 1. DenavitHartenberg parameters for the
tapping machine[11]

Axis Qiy ai, d 0,
1 T 0 0 0
2 1
2 0 1, o g,
3 0 Iy 0 0,
4 0 0 o g,
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mm, the fixed parameters of the chart, were used in the
operations.

Matrices were calculated for four axes. Because the
rotational motion of the third and fourth axes was the
same, the fourth axis turned out to be excess. For this
reason, it is unnecessary to use the transformation matrix
of the fourth axis in the position analysis by forward
(direct) kinematics. Position was calculated through use
of the fifth equation method by considering the first three
axes.

rll r12 r‘13' PX
r r r P
o | 121 22 23 y | _ omim2
3T— - 1T zT 3T o))
I.31 I-32 r33 Z
O 0 0 1

When the transformation matrices 1, 2, and 3 are written
in their places in the equation 1, matrix components 2, 3,
and 4 emerge [12]. Here, Px, Py, and Pz represent the
position of the end effector, while rii,riz,rs,....,r33
represent the rotation matrix components.

P, = cos(60;) * (I3 * cos(6, + 65) + I, *cos(6,)) (2)
P, = sin(8;) * (I3 * cos(f; + 03) + [, * cos(6;))  (3)
P, = I3 *sin(0, + 63) + I, * sin(6,) (G))
Position-dependent angle equations for the tapping
machine were obtained using the inverse kinematic
method. Equation 5 providesthe transformation matrix
existing between the basic joint and the axis where the
end effector is located. This matrix is shown here
symbolically, but it actually represents numerical values.

It is required to represent the variables in numerical
values.

rll r12 r13 |:)x
r r r P
\IIBV-I- — 21 22 23 y (5)
I’31 I’32 r33 Pz
0O 0 0 1

The matrix in equation 5 can also be written in the format
seen in equation 6 [13].

Br_0-1r2
wWi= 1T a7 (6)
THaT =T OT5TAT (7)

Using equation 7, the equations 61 ,0,  and 03 were
obtained as follows [14].

0, =n+atan2(P,,P,) (8)
_ PR+P3+PZ-15-15
G ©
s3=FJ1—-¢2 (10)
05 = atan2(ss; c3) (11)
(lp+13¢3)P,—I3s /P,§+P2
5, = 2+l3C3 353 y (12)

PZ+PJ+P2

(I +13c3) |PE+P+1353P,

(13)

C =
2 PZ+PZ+P}

0, = atan2(s,; c;) (14)
In the tapping machine, 64 was externally controlled. For
this reason, 04 was not included in the calculations. Three
bar mechanisms applied in the design of the tapping
machine ensure that the end effector is perpendicular to
the floor for each angle value of the lower limbs of the
system. Therefore,angular input must be externally
provided to the end effector for special cases, that is
angular operations, with the help of the fourth servo
motor.

Tapping machine is a mechanical system with an
automation direction. The position equations are
obtained through solution of a set of mathematical
equations. There are angular positions where equation
solutions reach infinite values. These positions are called
singular points and are determined by singular point
analysis. There is a method to follow to avoid these
points. If the determinant of the Jacobian matrix is equal
to zero, singularity emerges. The solution of this equation
gives information to the designer about the points to be
avoided [15].

(=1l351c23 — 1,51c2) (—l3c1s23 —l,c1s2) —l;3c1s23
(l5¢c1c23 + l,c1c2)  (—l3s1s23 —1,51s2) —l351s23
0 (13623 + 1,c2) l,c23 (15)
(=1351c23 — 1,51c2) (—l3c1s23 — l,c1s2) —l3c1s23
(I3c1c23 + l,c1c2)  (—l3s1s23 — I,s1s2) —l351s23
det(l) = —lzl3S3(12C2 + l3C23) (16)

In order to avoid the singular point, the following results
were obtained by equalizing the determinant to zero:
Since I, and I3 can never be zero, either of the following
has to be true here: s3=0 or [,c2+ [3¢23 =0.
Considering these principles, 03=0 and 03=n must not
occur. In addition, Px=P,=0 values must be avoided. The
geometry of the manipulator does not allow this, either.
There are angle values that should not be reached
technically. These values were completely determined by
the geometric properties of the manipulator. The working
ranges of 6, and 63 based on geometric constraints are as
follows:

0;=0~360° 6,=0 ~ 89° and 63=-90° ~ -160° 17)

4. SIMULATION OF THE TAPPING MACHINE
BY MATLAB SIMMECHANICS

In this section, the obtained equations were simulated
through MATLAB Simmechanics module to analyze
what kind of problems could be encountered at the
specific points reached by the robot arm.

Simmechanics is a Simulink-based software in which the
environmental analysis and research of the controller
system is carrited out in an interdisciplinary way.
Simmechanics enables intuitive and efficient dynamic
analysis and meaningful modeling of multi-limbed
mechanical systems. All work is done in simulink
environment [16].
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First, a solid model was created by making necessary
simplifications in SolidWorks. Then the solid model was
transferred onto MatLab through Simmechanics Link.
Here, the mechanical structure of the mechanical system
was obtained. Figure 6 shows the scheme of the
mechanical system obtained in Simmechanics.

As shown in Figure 6, the robot consists of serially
connected limbs and joints. In the figure, Revolute 1,
Revolute 2, and Revolute 3 refer to each rotational joint.
The part between the two revolutes refers to the limbs.
Notmuch work was done on the limbs as the limbs would
be actuated from the joint points. The main work was
done on the joints as the control of the servo motors
placed in the joints constituted the basis of the movement
of the system.

Figure 6. The schematic structure of the mechanical system
obtained in Matlab Simmehanics module.

Each rotational joint was provided with a joint actuator,
and the limb was given a rotational movement. A sensor
was connected to the rotational joint as an output. Thus,
feedback from the movement given became possible.
Figure 7 presents the control scheme and angle values of
the manipulator based on position input.

-
6;

Figure 7. The control scheme and angle values of the
manipiilatér (Xe=desired x position, I.K=inverse
kinematics).

Control information of rotational joints is preferred as
angular position, angular velocity, and angular
acceleration. As showed in Figure 8, the angular mobility
of the system was characterized by use of sub-functions.

Figure 8. Matlab functions feeding the actuator.

Figure 9 presents the entire manipulator system. Thanks
to this system, the end effector of the manipulator in
which the position values were given as input reached the

desired position, and the resultant value was obtained
correctly with the help of the displays. The movement
was given based on time. The orbit equation limiting
when it should be in what position was also taken into
account in this block diagram.

[ € W 5 a BRETTES €Wy a TPl RG]

Figure 9. Block diagram for the general simulation of the
tapping manipulator.

After the simulation block diagram was constructed, tests
were performed for different position coordinates, and
the operation tests were performed. Working space
values were determined. In Figure 10, images for the
positions Px = 549.3mm, Py = 460.9mm, and Pz = -
325.1mm within different periods of time during
simulation are displayed.

NA A

Figure 10. Images for the positions Px = 549.3mm, Py =
460.9mm, and Pz = -325.1mm within different periods
of time during simulation.

.4

g

Figure 11 provides the time-dependent graph of angular
position change for each joint. According to the data
obtained from it, the correct angle values were seen to
have been reached for the desired position.

Figure 11. Angular position-time graphs of the first and second
joints.

5. CONCLUSION

In this study, tapping machine, which mostly had a
manual control, was equipped with computer controlled
structure with the help of servo motors. The kinematic
equations solved based on the Denavit Hartenberg
principle were simulated via Simmechanics. The passive
system of the tapping machine was modeled by use of
SolidWorks software and exported to SimMechanics.

SimMechanics module was found to be a very practical
analysis tool for mechanism control in machine
manufacturing with its standby blocks and MFunction
blocks. The treatment of the system as a passive system
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and the determination of its movement characteristics
were fruitful for analyzing the compatibility of the
system with new orbits. Thanks to PD, errors emerging
in the system were compensated. As the operations to be
performed in the tapping machine would not produce
intense and complex dynamic effects and tapping would
be performed at a constant speed, the need for
acceleration analysis reduced. For this reason, the use of
PD was sufficient for the system design.

In this study, tapping operation was subjected to
automation. Automation has many advantages in mass
production. The largest contribution of the device is to
successfully carry out small tolerance tapping. Another
advantage is the reduction in errors due to human factor
in mass production. In the experiments, it has been
observed that the device reduces labor costs. With the
optimum design of the tapping machine, the simulation
became effective. Simulation of the device focuses on
unobtrusive details at the design stage. Thus the most
ideal design has been achieved.
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ABSTRACT

This study was performed to determine the effects of heat treatment on weight loss during combustion of the laminated wood
materials produced from Oriental beech (Fagus orientalis L.), scotch pine (Pinus sylvestris L.), sessile oak (Quercus petraea L.),
and poplar (Populus nigra L.) veneers bonded with PVAc-Ds, PUR and MF adhesives. For this aim, the weight loss during
combustion of the test samples was determined according to ASTM E 160-50. The results of this study indicated that the weight
loss percentage was the highest in poplar wood (89.17%), PVAc-D4 adhesive (89.79%) and control samples (88.69%). In the
interaction of the wood materials and type of adhesive, the highest value was measured in poplar+PUR (90.93%), interaction of
the wood materials and heat treatment in poplar + control samples (90.87%), in the interaction of the type of adhesive and heat
treatment in PVAc-D4 + 185 °C (91.10%). In the interaction of the wood material, type of adhesive and heat treatment temperature,
the highest value was determined in laminated control poplar samples with PUR adhesive (93%), while the lowest in laminated
scotch pine samples with MF and heat-treated at 185 °C (81.83%). The use of laminated and heat-treated wood material in places
where in high risk of fire, impregnation of wood material with fire-retardant compounds can be suggested.

Keywords: Heat treatment, weight loss, combustion, adhesive, wood material.

Is1l Islemin Lamine Kaplama Kerestenin (LVL) Yanma
Esnasindaki Agirlik Kaybina Etkisi

0z

Bu c¢alisma, 1s1l islemin Dogu kaymi (Fagus orientalis L.), sarigam (Pinus sylvestris L.), sapsiz mese (Quercus petraea L.), ve
kavak (Populus nigra L.) kaplamalardan PVAc-D4, PUR and MF tutkallari ile lamine edilmis aga¢ malzemelerin yanma esnasinda
agirlik kaybina etkilerini belirlemek i¢in yapilmistir. Bu amagla yanma esnasindaki agirlik kayiplart ASTM E 160-50 standartina
gore belirlenmistir. Caligma sonunda en yiiksek agirlik kaybi, kavak odununda (%89.17), PVAc-Ds tutkalinda (%89.79) ve kontrol
(1s1 iglemsiz) 6rneklerde (%88.69) belirlenmistir. Aga¢ malzeme ve tutkal tiirii etkilesiminde en yiiksek agirlik kaybi kavak + PUR
kombinasyonunda (%90.93), aga¢ malzeme ve 1s1l islem etkilesiminde en yiiksek agirlik kaybi kavak + kontrol (is1l islemsiz)
orneklerde (%90.87), tutkal tiirii ve 1s1l islem etkilesiminde en yiiksek agirlik kaybi PVAc-Das tutkali + 185 °C’de (%91.10)
belirlenmistir. Aga¢ malzeme, tutkal tiirii ve 1s1l islem etkilesiminde ise en yiiksek agirlik kaybi1 PUR tutkali ile lamine edilmis
kontrol kavak 6rneklerde (%93), en diisiik ise MF tutkali ile lamine edilmis ve 185 °C’de 1s1l islem uygulanmis sarigam 6rneklerde
(%81.83) belirlenmistir. Yangin riskinin yiiksek olan yerlerde lamine edilmis ve 1sil islem uygulanmis aga¢ malzemenin
kullanilmas1 durumunda yangin geciktirici kimyasal maddelerle emprenye edilerek kullanilmasi 6nerilebilir.

Anahtar Kelimeler: Isil islem, agirhik kaybi, yanma, tutkal, aga¢ malzeme

1. INTRODUCTION

Wood is optimal construction material which one of the
few renewable and sustainable natural sources. It has
been used for many purposes by humans for thousands of
years because of its excellent properties [1-3]. The
demand for the wuse of wood materials for
implementations in  both interior and exterior
construction has been raising in recent years and it is still
most widely used as building and construction materials

[4].

*Corresponding Author
e-mail : opercin@konya.edu.tr

Chemically, wood material is composed mainly of
carbon, hydrogen, and oxygen. Generally, the hydrogen
concentration is extremely low 6%, the carbon content of
wood is about 50% , whereas the oxygen is 44% [5]. For
this reason, wood is combustible material [6].
Combustion properties of wood material has been
extensively studied because of its use as a construction
material in many wood and wood-based systems. The
combustibility of the wood is requently contributed to
undesired and unexpected potential fires, leading to
numerous wounds and casualties [4]. Making wood
incombustible is not posssible, howeveer, making wood
fire retardant is feasible [7]. Treatment of wood materials
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with some fire retardant chemicals is one of the most
efficient ways to preserve it from fire and provide safety
[8,9]. Some of these chemicals can be harmful to human
health and to the environment. The some chemicals
provide high protection, while others provide low
protection. In addition, always impregnated wood
material is not wused in interior and exterior
applications[4,9].

In a study, Uysal [10] it was found that, Diammonium
phosphate chemicals was the most effiecient fire-
retardant in LVL wood. Another study prepared by
Ozcifci et al. [11] studied the combustion characteristics
of LVL produced from beech (Fagus orientalis L.) wood
impregnated with boric acid, borax, and diammonium
phosphate. In the study, they reported the lowest values
for combustion temperature were obtained in the
specimens glued with MF and treated with diammonium
phosphate and boron compounds mixture. Atar [12]
conducted a study to specify the impacts of varnish
process after impregnating with boron compounds on
combustion features of oak (Quercus petreae L.). The
test specimens were impregnated with boric acid and
borax. Following impregnation, surfaces were varnished
by some varnish systems. As a consequence, used varnish
systems showed an enhancing impact but boron
compounds displayed diminishing effect on combustion
properties of oak. In an another study conducted by Said
Fidan et al. [13] they examnined the impact of
impregatnation and surface treatment materials
combustion properties of wood. The results of study
indicated that the combustion parameters were lower in
the 1-year-old samples 89.12% of control values, in the
samples impregnated with the use of Wolmanit-CB
89.18% of control values, and in samples treated using
water-based varnish 88.43% of control. Ors et al. [14],
studied that the effect of some fire retardant chemicals on
combustion properties of scotch pine (Pinus sylvestris L.)
wood. They reported that boron compounds have positive
impact on combustion properties of wood material.
Martinka et al. [15] investigated that the impact of heat
treatment on the heat release rate and propensity for fire
propagation in the flashover phase of Norway spruce
(Picea abies (L.) Karst.) and English oak (Quercus
robur) woods. As a result, test results proved that
thermally-modified of spruce and oak wood has no
impact on the propensity for fire propagation in the
flashover phase. They also reported that applied heat
treatment was a significant effect on the heat release rate
of spruce and oak woods.

Both laminated wood and heat-treated wood materials
have a growing market in indoor and outdoor
applications for years. The effect of lamination process
and heat treatment on physical, chemical and mechanical
properties of wood has been extensively investigated.
There have been relatively few studies describing their
combustion properties evaluation. Knowledge about
combustion properties of the laminated veneer lumbers
subjected to heat treatment after the laminating process
can be important for scientists in the same topic and

woodworking industry. For this reason this study was
performed to determine the effects of heat treatment on
combustion properties of the laminated wood materials
produced of beech (Fagus orientalis L.), scotch pine
(Pinus sylvestris L.), sessile oak (Quercus petraea L.),
and poplar (Populus nigra L.) veneers bonded with
PVAc-D., PUR and MF adhesives.

2. MATERIAL and METHOD
2.1. Material
2.1.1. Wood material

As test materials, the veneers (2mm thickness) were
obtained from sessile oak (Quercus petreae L.), Oriental
beech (Fagus orientalis L), scotch pine (Pinus sylvestris
L.) and poplar (Populus nigra L.) logs used. Woods
were obtained from Ankara province timber management
completely randomly. These tree species have been
preferred due to their widespread use in the woodworking
and furniture industries.

2.1.2. Adhesive

The following adhesives were used in this experiment
because of they are widely used in the industry.

Polyvinylacetate-D4 (PVACc-D.) (Kleiberit) is an odorless
and non-flammable adhesive. The density is 1.120 g/cm?,
the viscosity (at 20 °C) 13000+2.000 mPa.s, and pH
value 7.5. The gel time is 6-10 min, and amount applied
200g/m?. PVAc-D. adhesive was obtained from Kleiberit
PV Ac-303 adhesive with addition of 5% Kleiberit Turbo-
hardener 303.5 [16].

Polyurethane Kleiberit 501 (PUR) is a single component
adhesive that the bonds are extremely strong and
temperature and water resistant. Specific gravity is (at 20
°C) 1.13 g/em?, viscosity (at 20 °C) 8000 mPa.s, and
curing time 2-3 h. The pH value is 7 and, amount applied
200g/m? [16].

Melamine formaldehyde (MF) resins are used widely as
adhesives for interior and exterior applications, plywood
and particleboard. Density of MF adhesive 1.200g/cm?,
pH value 9.3, viscosity (at 20°C) 60 cPs, and amount
applied 200g/m? [17,18]. Adhesives were obtained from
commercial firms in Turkey.

2.2. Method
2.2.1. Preparation of test samples

The veneers without defects were selected and resized in
samples with 150 x 950 mm (width x length). Production
of LVL was conducted in laboratory conditions. The
adhesives were spread to one surface of veneer by using
a roll. The spreading rate of adhesive was approximately
200 g/m?. LVL panels were obtained by bonding ten
veneers. The pressure applied by the hot press for the
LVL boards were 1 N/mm? for poplar and scotch pine
veneers and 1.2 N/mm? for oak and beech veneers. The
duration of the press and the temperature were 20 min
and 80 °C, respectively for MF and PV Ac-D4, and 20 min
and 60 °C for PUR adhesive. Enough panels were
produced for each of the test groups according to TS EN
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386 [19] and they were stored for one week for exact
curing.

Panels were heat treated at 185 °C and 212 °C in a heat
treatment oven under a normal atmosphere controlled in
+1°C temperature sensitivity under hot steam. The used
heat treatment process was divided into three continuous
phases (Figure 1). In the first phase oven temperature was
increased to 100 °C for 6 h, then temperature was
increased to 130°C for 12 h, in the second phase
temperature was increased from 130 °C to 185 °C and
212 °C for 6 h and these temperatures were kept constant
for 2 h, in the final phase temperature of the oven was
decreased to initial temperature for 12 h. At the end of
the heat treatment process, 10 mm edges were cut off of
the panels.

200
5 /_ \
150
g @ \
2100
g / Phase [ Phase II Phase II\
e AN

6 12 18 4 30 36 42

2
Time (h)

Figure 1. Example of a heat treatment process.

Combustion test samples were prepared from the panels
with dimensions of 13 x 13 x 76 mm according to the
ASTM E 160-50 [20] principles. In the combustion tests,
each sample group was weighed before tests. The
combustion test was carried out in three stages. Flame
source was centered below sample pile and flame source
combustion phase (FSC) was continued for 3 min. Then
the flame source was extinguished and were carried out
consecutive the other two combustion stages (without
flame source (WFSC) combustion, ember combustion
(E) stage). After combustion tests, the weights of test
specimens were weighed and the weight loss (%) value
was calculated by using following formula.

WL (%) = [(Wb-Wa) / Wb] x 100 1)
Here WL is weight loss (%) of test samples, Wb is weight

of test sample before combustion (g), Wa is weight of test
sample after combustion (g).

2.3. Statistical analyses

In the evaluation of the data, the MSTAT-C statistical
software program was used. In this study, four types of
wood, three types of adhesive, two types of temperature
and one control samples, a total of 108 samples (4 x 3 x
3 x 3) were prepared with three samples for weight loss
during combustion. The values of the factor effects of
heat treatment temperature, wood type and adhesive type
on weight loss were determined using the analysis of
variance  (ANOVA) procedure. When the variance
among groups were determined to be significant, Duncan
test was utilized to specify the variances between average
values at the appointed level of 0=0.05.

3. RESULTS AND DISCUSSION

Mean values of weight loss for different wood material,
types of adhesive and heat treatment temperature are
given in Table 1. Results of ANOVA, for effect of wood
material, type of adhesive and heat treatment temperature
on the weight loss rate of LVL samples are given in Table
2.

Table 1. Average of the weight loss of wood material, types of

adhesive and heat treatment temperature

Type of material Statistical
Values
and treatment
X(%) | HG
Poplar 89.17 A
- Scotch 88.30 B
Wood material Oak 87 23 C
Beech 86.08 D
PVAc-D, | 89.79 A
Type of adhesive** PUR 87.90 B
MF 85.39 C
Heat treatment Control 88.69 A
temperature*** 185°C 88.00 B
212 °C 86.39 C

Different letters in the columns refer to significant
changes in the weight loss at 0.05 confidence level
(*LSD: 0.5756,** LSD: 0.4985, LSD: 0.3411), HG:
Degree of Homogeny

According to the wood material the highest weight loss
rate was determined in poplar wood, and the lowest was
found in beech wood. This situation may be due to the
different density values of wood materials. For type of
adhesive, highest result was determined in PVAc-D4, and
the lowest was found in MF adhesive. For heat treatment
temperature, the highest weight loss was obtained at 185
°C, and the lowest was found at 212 °C. However, the
control samples have the highest rate. The difference in
weight loss between the two heat treatment temperature
was about 2%. Accordingly, in general it is possible to
say that heat treatment decreased weight loss rate. The
weight loss values were showed differences in all
material and treatment.

Effects of wood material, type of adhesive, heat treatment
temperature and all interactions on weight loss rate were
found to be significant (o0 =0.05) (Table 2). Average
temperature values according to wood material + type of
adhesive, wood material + heat treatment temperature,
and type of adhesive + heat treatment temperature
combinations are given in Table 3. Duncan test was
utilized to specify the variances between average values
at the appointed level of 0=0.05. Duncan Test results are
given in Table 4.
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Table 2. Results of variance analysis (ANOVA) on the eight loss rate of LVL samples

Source %ﬁ%;%esn?f Sum of Squares Mean Square F Value S(g;:gtgg)e
Factor A 3 144.609 48.203 42.3418 0.0000
Factor B 2 351.222 175.611 154.2579 0.0000
AB 6 87.967 14.661 12.8785 0.0000
Factor C 2 99.925 49.963 43.8875 0.0000
AC 6 40.911 6.819 5.9894 0.0000
BC 4 89.980 22.495 19.7598 0.0000
ABC 12 163.323 13.610 11.9553 0.0000
Error 72 81.967 1.138

Total 107 1059.905

Factor A = Wood material (Beech, Oak, Scotch pine, Poplar); Factor B = Adhesive (PVAc-D4, PUR, MF)
Factor C = Heat treatment temperature (Control, 185 °C, 212 °C)

According to wood material + type of adhesive weight
loss rate was measured as the highest in poplar+PUR, but
the lowest in beech + MF adhesive (Table 3). This result
may be due to the from difference of the used materials.
Atar and Keskin [21] studied impacts of coating with
various varnishes after impregnation with boron
compounds on the combustion properties of Uludag
fir(4bies Bornmiilleriana Mattf.) wood. They reported
that the tested varnishes showed an increasing impact but
boron compounds (Ba and Bx) showed a decreasing
impact on combustion properties of Uludag fir wood.

According to wood material + heat treatment, the highest
weight loss was in poplar + control samples, but the
lowest in beech + 212 °C. This situation may be derived
from density differences of wood material and heat
treatment temperature. Cekovska et al. [22] studied the
fire resistance of heat-treated Spruce (Picea abies L.)
wood. They reported that applied heat treatment
temperatures affected weight loss of wood material. It
was the highest in PVAc-D4 + 185°C, but the lowest in
MF+185°C combination according to type of adhesive +
heat treatment. This result may be originated from the
properties of MF adhesive. Sadiye Yasar et al. [23] stated
that better combustion properties for spruce (Picea
orientalis L.) wood were obtained from the Wolmanit-
CB impregnation material and synthetic varnish
combination. Atar [24] declared that the varnnishes
tested revealed an ascending effect, however, boron
compounds displayed an diminishing effect on
combustion properties of oak (Quercus petreae L)
wood.).

Table 3. Average weight loss for the combination of type of
material and treatment

Wood material + type of adhesive* | X(%) | HG
Poplar+PUR 9093 | A
Poplar+PVAc-Dq 9089 | A
Scotch pine+PVAc-Dq 90.70 | A
Beech+PVACc-D4 89.24 | B
Oak+PVAc-Dy 88.33 | BC
Oak+PUR 88.11 | C
Scotch pine+PUR 87.54 | CD
Scotch pine+MF 86.64 | DE
Poplar+MF 85.68 | EF
Oak+MF 85.26 | F
Beech+PUR 85.01| F
Beech+MF 8398 | G
Wood material+heat treatment** X(%) | HG
Poplar+Control 9087 | A
Poplar+185°C 90.06 | AB
Scotch pine+Control 89.29 | B
Oak+Control 88.14 | C
Scotch pine+185°C 8784 | C
Scotch pine+212°C 8776 | C
Oak+185°C 87.76 | C
Poplar+212°C 86.58 | D
Beech+Control 86.44 | DE
Beech+185°C 86.36 | DE
Qak+212°C 85.80 | DE
Beech+212 °C 8543 | E
Type of adhesive+heat treatment*** | X(%) | HG
PVACc-D4+185°C 9110 | A
PUR+Control 89.86 | B
PVAc-D4+Control 89.33 | BC
PVAC-D4+212°C 88.94 | CD
PUR+185°C 88.36 | D
MF+Control 86.87 | E
PUR+212°C 8548 | F
MF+212°C 84.75 | FG
MF+185°C 8455 | G

(*LSD: 0.9969,** LSD: 0.9969, LSD: 0.8633),
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Table 4. Duncan Test Results

Wood material+ type of Wood material+ type of

adhesive+ X HG adhesive+heat treatment X HG
Poplar+PUR+Control 93.00 A Scotch pine+MF+Control 88.33 FGHIJ
Poplar+PVA:-D4+185°C 92.53 AB Poplar+PUR+212°C 87.90 | FGHIK
Scotch pine+ PVA:-D4+185°C 92.37 ABC Beech+ PVA:-D4+Control 87.73 | GHUK
Poplar+PUR+185°C 91.90 ABC Beech+PUR+Control 87.67 HIJKL
Beech+ PVA.-D4s+185°C 91.07 BCD Oak+ PVA-D4+212°C 87.43 IJKL
Poplar+ PVA:-D4+Control 90.50 CDE Oak+PUR+212°C 86.60 JKL
Scotch pine+ PVA:-D4+Control 89.97 DEF Oak+MF+185°C 86.30 KL
Scotch pine+ PVA-D4+212°C 89.77 DEFG Oak+MF+Control 86.10 KLM
Scotch pinetMF+212°C 89.77 DEFG PoplartMF+185°C 85.73 LMN
Poplar+ PVA:-D4+212°C 89.63 | DEFGH | Beech+tMF+185°C 84.33 MNO
Scotch pine+PUR+Control 89.57 | DEFGH | Beech+MF+Control 83.93 NOP
Scotch pine+PUR+185°C 89.33 | DEFGHI | Scotch pine+PUR+212°C 83.73 OPQ
Oak+PUR+Control 89.20 | DEFGHI | Beech+PUR+212°C 83.70 OPQ
Oak+ PVA:-D4+Control 89.13 | DEFGHI | Beech+PUR+185°C 83.67 OPQ
Poplar+MF+Control 89.10 | DEFGHI | Beech+MF+212°C 83.67 OPQ
Beech+ PVA:-D4+212°C 88.93 EFGHI Oak+MF+212°C 83.37 OPQ
Oak+PUR+185°C 88.53 | EFGHIJ | PoplartMF+212°C 82.20 PO
Oak+ PVA-D4+185°C 88.43 | EFGHIJ | Scotch pine+tMF+185°C 81.83 Q

According to the Table 4, the highest weight loss rate
was determined in laminated control poplar with PUR
adhesive, while the lowest in laminated with MF and
heat-treated at 185°C scotch pine samples. In general, the
lower weight loss was recorded in beech and oak samples
more than scotch pine and poplar. MF also gave better
results than PUR and PVAc-D, adhesives, while PUR
adhesive was showed lowest thermal strength to the
temperature. With increasing temperature PUR
bondlines of veneer between deteriorated. Result shows
that the weight loss rate decrease with an increase in heat
temperature especially beech and oak woods. Osvaldova
and Gaff [25] studied that different thermal modifications
and the influence of fire retardant on combustion
properties of thermally modified spruce (Picea abies L.)
wood. They reported that the highest burning rate has
been reached with heat-treated samples at 210°C.
However, those treated with a fire retardant, had the
lowest burning rate. The test results show that fire
retardant treated and heat-treated spruce wood has lower
weight losses than non-treated spruce wood. Also,
Miillerova [26] reported thermally treated spruce wood
reduce the smoke released when compared with
untreated sample. Heat treated pine shows opposite
effect. Thermally treated soft wood has decreased
ignition time and heat release while burning. In another
study was conducted by Wang and Cooper [27] declared
that the heat treatment of wood in plant oils decreases its
resistance to the spread of flame.

4. CONCLUSION

Heat treatment is one of the methods of protecting wood,
which increases its resistance to biological degradation,
improves its dimensional stability and color. Based on
the findings obtained from the present study, it can be
said that the heat treatment changes the natural properties

na of the wood. The beech wood had a lower weight loss
than the oak, poplar and scotch pine woods. The
melamine-formaldehyde (MF) among adhesives give
better results than other types of adhesive in the test
samples. Weight loss rate of the wood samples which
were laminated and then heat treated in a oven were a
little lower than the control samples. The weigth loss
ratio decreased by nearly 1% in the samples which heat-
treated at 185 °C and 2.6% at 212 °C when compared with
the control samples. For the wood material, adhesive type
and heat treatment temperature was the highest weight
loss value in poplar + PVAc-Ds + 185°C as 92.53%, the
lowest in scotch pine + MF + 185°C determined as
81.83%. Consequently, the use of heat-treated wood
material in places where in high risk of fire, impregnation
of wood material with fire-retardant compounds and
extra measurements on combustion properties can be
suggested.
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oz
Sunulan ¢alismada, zamana gore kesirli mertebeden tiirevli lineer olmayan Klein Gordon denklemini ¢6zmek i¢in yeni bir niimerik
sema sunuldu. Kesirli mertebeden denklemin yaklasik ¢oziimleri kiibik B-spline kollokasyon sonlu eleman yontemi ve L2
algortimasma dayanmaktadir. Denklemde verilen kesirli tiirev ise Caputo anlaminda ele alinmistir. Yontemler kullanilarak, kesirli
mertebeden diferansiyel denklem bilgisayar kodlamasina elverigli cebirsel denklem sistemine doniistiiriiliir. Daha sonra, amaglanan

yontemin giivenilirligini ve etkisini gostermek amaci ile iki model problem ele alindi ve hata normlar1 hesaplandi. Yeni hesaplanan
hata normlar saysisal ¢oziimlerin tam ¢oziimlerle uyum i¢inde oldugunu gostermektedir.

Anahtar Kelimeler: Sonlu eleman yontemi, kollokasyon, kesirli mertebeden Klein Gordon denklemi, Caputo tiirevi.

A New Perspective on The Numerical Solution for
Fractional Klein Gordon Equation

ABSTRACT

In the present manuscript, a new numerical scheme is presented for solving the time fractional nonlinear Klein-Gordon equation.
The approximate solutions of the fractional equation are based on cubic B-spline collocation finite element method and L2
algorithm. The fractional derivative in the given equation is handled in terms of Caputo sense. Using the methods, fractional
differential equation is converted into algebraic equation system that are appropriate for computer coding. Then, two model
problems are considered and their error norms are calculated to demonstrate the reliability and efficiency of the proposed method.
The newly calculated error norms show that numerical results are in a good agreement with the exact solutions.

Keywords: Finite element method, collocation, Fractional Klein Gordon equation, Caputo derivative.
1. INTRODUCTION

Fractional differential equations own a deep history and
also rich theory. Its past is as long as classical calculus

Dfu(x,t)+au, (x,t)+bu(x,t)

+eu’ (x,t)u(x,t)= f(xt) @

and up to date since 1695. Over the years, many
mathematician and physicist have been attracted by
fractional calculus because of its wide application areas,
longterm memory and chaotic behaviour such as physics,
biology, finance, fluid dynamics, engineering etc. The
development and obtaining numerical and exact solutions
of the equations, containing fractional derivative and
integral, have gained great and significant importance.
So, various methods have been investigated for this
purpose. Among others,some of themare [1, 2, 3, 4, 5, 6,
71.

In this study, we are going to concern with obtaining
numerical solutions of time fractional Klein Gordon
equation in terms of Caputo sense derivative which is one
of the fundamental equations seen in fractional calculus.

The mathematical expression of the equation is given as

*Sorumlu Yazar (Corresponding Author)
e-posta : bkaraagac@adiyaman.edu.tr

subject to the following initial and boundary conditions
u(x,0)=uy(x), u(x0)=u(x)

u(0,t) =hy(x), u(l,t)=h(x) @)
where D/ (.) symbolizes «,, order fractional derivative
according to time variable and the range of « is (1,2].

f (x,t) is a known forced term and in addition to these

terms a,b,c and B are real constants and also ¢ can

seen as a variable coefficients in some examples. For
a =2, we get the classical Klein Gordon equation which
appears in classical relativistic and quantum mechanics
and analysing of wave propagation in linear dispersive
media. Additionally, The fractional Klein—Gordon
equation has many application in nonlocal quantum field
theory and stochastic quantization of nonlocal fields [8]

The equation has been solved by several authors using
different methods and techniques. Among others, Nagy
[7] has solved the problem using a method consisting of
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expanding the required approximate solution as the
elements of Sinc functions along the space direction and
shifted Chebyshev polynomials of the second kind for the
time variable. Kheri et. al. [9] have solved inhomogenous
fractional Klein-Gordon equation by the method of
separating variables and applied the method for three
boundary conditions.

Mohebbi et al. [10] have applied a high-order difference
scheme for the solution of some time fractional partial
differential equations including linear time fractional
Klein-Gordon and dissipative Klein-Gordon equations.
Lyu and Vong [11] have considered difference schemes
for nonlinear timefractional Klein-Gordon type
equations. Khader et al. [12] have implemented the
Chebyshev spectral method for solving the non-linear
fractional Klein-Gordon equation and considered the
fractional derivative in the Caputo sense. Algahtani [13]
has implemented the spectral collocation method with the
help of the Legendre polynomials for solving the non-
linear Fractional (Caputo sense) Klein-Gordon Equation.
For all that, recent developments in computational
methods are lead to improving new numerical methods
for solving fractional or ordinary order partial differential
equations. One can receive more information about
newly research in Refs [ 14,15,16,17,] and therein.

The manuscript consists of four parts. The first part
presents an introduction to the model problem and some
research papers on it. The second one covers application
of cubic B-spline collocation method to the problem and
obtaining numerical formulation. Two different
examples of time fractional Klein Gordon equation and
their numerical results are considered in the third part for
different values of constants and forced term. The last
one is conclusion

2. Application of collocation cubic B-spline FEM
method to the time fractional Klein Gordon
equation

In this part of paper, we are going to obtain numerical
solution for the fractional Klein Gordon equation with the
help of finite element formulation and cubic spline basis.
At first, we discretize the problem in time for fractional
derivative with the help of L2 finite difference
approximation. We consider t; as the grid points for time
and At are grid size. So time discretization for
t, =t,+ jAt(j=0,1,2,---,n) is obtain as following
[18]
At Q@

Dzzf t) = ( W(l’”‘) f t

t ( ) r(3—0{)§ |: (n+l—k) (3)

26 (t, )+ f (ta)]

w = (k+1)"” —k**). T() symbolizes
Euler Gamma function and n is the time step as taken

where

_ tfinal

A Before construction of numerical scheme, let

us divide the interval [0,1] into N subinterval using
{x ", nodal points such that

0:X0<X1<”'<XN—1<XN =1
and symbolize each element as a typical element with

step size h=[x,X..]. Our aim is to develop an

(R B
approximate solution for u(x,t) as it will be U, (x,t)
and are used to be linear combination of cubic B-spline
basis (¢ (x)) and time dependent element shape

functions (5(t)) in the form

N+1

Uy (%1)= 2.3, (1) (x)- @

m=-1
In order to define all spline basis in same typical element
[%, ., ] and create a systematic procedure for numerical

scheme, it is apparent the cubic B-spline basis required a
local transformation coordinate instead of global
coordinates. So we should use transformation & = X — X
0< & <1. After the transformation, cubic B-spline basis
functions are defined as [19] follows

_(h=¢)
Pos = T

h®+3h?(h—¢&)+3h(h—&) -3(h—¢)’

h’ | (5)
h® +3h?£ +3h&? - 38°

¢m+1: h3 ’

§3
¢m+2= F

Moreover the approximate solution can be written in
terms of the basis given in (5) as

m+2

Uy (xt)= 2.5(t)4(c)- (6)
i=m-1
The nodal values of U, and U, at the points X; are
derived using (2) as

Uy =6, 1)+ 45, () + 5, (1),
Uy =2 (0a0-0,,0,) )
Uy = 5 (604(0-26,0+,.,0)

First all of , we will start to progress with a simple
linearization choosing zm = uy, . Then substituting (2)
into Eq.(1) and using (7), we have
D (8,4 (t)+46, (t)+6,,. (1))
6a
+F(5m*1 (t)-25, (t)+3,.,(1))

+(b+czmﬁ)(§m71 (t)+45, (t)+5,., (1) = f(xt).

(8) For
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going on to obtain numerical scheme, time dependent
element shape functions &(t) s’ are discretized using

L2 algorithm given in (1.3), forward difference and
crank-Nicolson formula as

DfS(t) = —F((A:Ba) gw“‘“) (5™ (1)
—25" (t)+ F6" (1) ] ©)
" (t)+5" (1) " (t)-o" (t).

s(t)= . o) = e
At the end, after some calculation and simplification we
we get a algebraic equation system consisting (n +1)[h
time step unknown &"**(t) parameters and n,, time step
known &" (t) parameters following form

s
5“()[1 3:25+(bﬂzzm)5] 5"1(t)(47@+2(b+czm”)5)

+(>n::1(t>[1 = (bmmﬂ)s] (0{

2
" )[ 7333 (b+czm"’)8j

3aS (b +czm’)$ }
2

+8n(t )(8+6his—2(b+czm/’) J+§r:+1

2
(3 (t)+ 407" (1) + 575 (1)

_kzi;wum){(égi’k (1) -2 () + 871 (1) o
+4(é.n+1k( ) 26 "( ) 5n1k(t))

+ S (1) = 2008 (1) + St (1))} SF (xt

Where S=I(3-a)(At)" and
(t)+45, (t)+ 6.,
consisting of (N +1) equations and (N +3) unknown

variables. Eqg. (10) is valid for only interior nodal points
so to obtain unique solution one must apply boundary
conditions given in (2) to numerical scheme. For this
purpose, we employ
u(0,t)=5,(t)+46,(t)+5,(t)=h,(0) for m=0 and
u(l,t) =8, (t)+46, (t)+ .. (t)=h (1) for m=N. So
eliminating &, (t) and &, (t) from the system we get

(N +1)x(N+1) system of equations. At the last , we

have a iterative system. Now, we need an initial vector
for begining iteration, so one can obtain &"(0)

parameters easily by using initial conditions as

U(%,,0) =Uy (x,,0) =uy(x, ). Ifthis is written clearly,

we get
5.,(0)+46,(0)+46,(0)=u
5, (O)+451(0)+52 (O) =u

m=4, ., (t). Now we get a system

1)

'5N72(0)+45,H(0 Sy (0) = Uy (Xy_y)
Sy_1(0)+48, (0)+ 3., (0) = Uy (X )

as seen from the Eq. (11), there exist (N +1) equations

and (N +3) unknown variables. &,(0) and &,,,(0)
parameters can be eliminated using
u(0,0)=U,(0,0)=6,(0)+45,(0)+5,(0) and
u(1,0)=U, (1,0) =6, (0)+45, (0)+6,.,(0). this
system can now be solved with any algorithm and
iteration can be started.

3. Numerical Tests for Time Fractional
Gordon Equation

In the third section of the manuscript, we are going to
demonstrate efficiency and applicability of numerical
method using two test problems. For two examples, since
the exact solutions of the examples are known, we are
going to calculate error norms L, and L, using the

definition given as below;

N 2
= ||“‘UN||2 = w/h;‘;‘ui _(UN )]‘ ’

L =[u-Uyl, = maxu; ~(Uy) |

0<j<N
where u and U, represent exact and numerical

solutions, respectively. And the order of convergence is
calculated with the following formula;

Log ( hold ]
hnew
compare exact ones with numerical ones.

3.1. Example 1:

In the following first numerical experiment, we have
taken time fractional Klein-Gordon equation with the
values of the coefficientsas a=-1,b=0,c =1, =1 for

0<x<1and

Klein

order = . Thus, we are able to

t;a =1. SO we can rewrite the equation given in (1) with
the forced term, as follows

r(5/2)
r(5/2-a)

2 e e

Dfu—u, +u? = (1-x)"* @)

(12)

and with non-zero right boundary condition
u(x,0)=0, u(x0)=0
u(ot)=t"%, u(L,t)=0

exact solution of the example is given as
u(xt)=(1-x)"* 2 (14)

First of all, the results are calculated for various space

step (h) and time step (At) size for o =1.3. Then the

(13)

error norms L, and L are presented in Tables 1 and
2, respectively. In addition, error norms and orders are
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reported in Table 3 for « =1.7 and At =0.00001. It is
seen from Tables 1, 2 and 3, when the number of time
step size are the same, to increase number of collocation
points lead to a decrease in the error norms. Additionally,

for the collocation finite element method, time step sizes
as important as collocation points. So one can see,
decreasing of time step sizes results decreasing in the
error norms.

Table 1. A representation of the L, x10° norm for various values of At and h for ¢=13.
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At 0.01 0.005 0.001 0.0005 0.0001 0.00005 0.00001

h

0.25 5461326  4.731241 4.162181  4.092810 4.037694  4.030666  4.022183

0.125 2504028 1.724493  1.123959  1.052339  0.996010 0.989010  0.982798

0.1 2.166491 1.375058  0.762329 0.689667 0.632882  0.625871  0.619889

0.05 1744344  0.937212 0.297653  0.220406  0.161032  0.153902  0.148171

0.025 1.648449  0.838967 0.192712  0.112499 0.049669  0.042201  0.036389

0.0125 1.625804  0.815966 0.168899  0.088131  0.023748  0.015858  0.009760

0.01 1623192  0.813319 0.166198 0.085399  0.020871  0.012899  0.006696
Table 2. A representation of the _x10® norm for various values of At and h for ¢ =1.3

At 0.01 0.005 0.001 0.0005 0.0001 0.00005 0.00001

h

0.25 7.700108 6.972540 6.394705 6.323344 6.267288 6.260548 6.252998

0.125 3.245500 2.246167 1.569895 1.494217 1.456844 1.452790 1.449505

0.1 2.861628 1.789100 1.034280 0.970713 0.920066 0.913785 0.908673

0.05 2.382455 1.266362 0.385704 0.286827 0.224010 0.217614 0.212481

0.025 2.276125 1.154699 0.259479 0.148555 0.064919 0.056718 0.051215

0.0125 2.250264 1.128478 0.232098 0.120229 0.031186 0.020518 0.013229

0.01 2.247337 1.125460 0.229031 0.117111 0.027784 0.016821 0.008900
Table 3. The error norms and orders for various h values for At =0.0001,0.00001 for o =1.7

At 0.0001 0.00001

h L, x10° L, x10° order(L,) L, x10° L, x10° order(L,)

0.25 3.531801 5.748447 - 3.734496 6.148587 —

0.125 0.874420 1.372834 2.06602 0.898053 1.334451 2.20401

0.1 0.561053 0.845099 2.17429 0.567403 0.818875 2.18847

0.05 0.156823 0.217845 1.95582 0.138186 0.194232 2.07586

0.025 0.063585 0.083314 1.38667 0.035906 0.048160 2.01187

0.0125  0.042662 0.058626 0.507018 0.011576 0.015588 1.6274

0.01 0.040366 0.056028 0.203128 0.008835 0.012140 1.120034
Table 4. A comparison of absolute errors for At =0.00001,« =1.5,1.9 and N =10.

a=15 a=19
X [7] Present method [7] Present method
(m=n=286) (N =10) (m=n=86) (N =10)

0.1 1.9004x10° 1.065601x10™* 1.7145%10° 2.3961723x10°°

0.2  20752x10° 2.479456 <107 8.3897x10™* 2.7676947x10°°

03 2.0682x107 3.840470x10™ 5.9801x10°° 1.265934x10™"

0.4 18787x10°° 5.107724x10™* 4.2370x10™* 2.8074307x10°°

0.5 1.6102x10° 6.424084x10™ 7.4383x10™* 1.5788475x10°°

0.6 1.4483x10° 7.617908x10™" 8.5920x10™* 6.606390x10™*

0.7 1.5545x107 8.574570x10™* 5.6969x10™* 1.4651589x107°

0.8  1.6959x10° 9.138149x10™ 8.9237x10™ 8.686224x10

0.9 14757x10° 8.828905x10~* 7.4789x10°° 1.982566 x10~*

L2 6.18386x10™ 1.648307x10°°

L, 9.13815x10™* 2.807431x10°°



A NEW PERSPECTIVE ON THE NUMERICAL SOLUTION FOR FRACTIONAL KLEIN GOR... Politeknik Dergisi, 2019; 22 (2) : 443-451

Tables 4, 5and 6 compare absolute errors between three
different methods. Tables 4 is consist of a comparisons
between [7] and present method for
At =0.00001, ¢ =1.5,1.9 and N =10,20, respectively.
other one is between [7], VRM and present method for
At =0.00001,x=1.4,1.6 and N =10,20. Finally, we
tabulated some comparisons of absolute errors and

relative errors for At =0.00001, =1.6,1.8 and N =20
in Table 6 and 7. We can conclude that newly obtained
results are more convergent for the « =1.3, 1.5,and 1.6
and agree with for o =1.9 when partition number is
chosen as N =10. Also applied method has more
converges results for all « values when partition number
is chosenas N >10

Table 5. A comparison of absolute errors for At =0.00001,«=1.5,1.9 and N =20

a=15 a=19
X [7]1 Present method [7] Present method
(m=n=9) (N =20) (m=n=9) (N =20)
0.1  87105x10™ 2.29860x10°° 4.3675x10™ 3.547459x10™
02  6.7781x10™ 6.14772x10°° 9.8359x10°° 8.937207 x10™*
03  6.2089x10" 9.13921x10°° 4.8897x10™ 4.322902x10™*
04 57015x10™ 1.228082x10™" 7.6534x10™ 4.290707 x10™*
0.5  51476x10™ 1.538698x10™ 9.3043x107* 2.275352x10™
06  4.8948x10™ 1.811331x10™* 9.4248x10™ 3.7590x10™"
0.7 51671x10™ 2.023530x10™* 7.5585x10™" 1.286623x10™
08  53919x10* 2.136602x10™* 4.2006x10°° 2.716377x10™*
0.9  6.0660x10" 2.038887x10™* 5.4848x10°° 2.267357x10"*
L, 1.478850x10™" 450187 <10
L. 2.13660x10™" 9.10231x10™*
Table 6. A comparision of absolute errors for At =0.00001,« =1.4,1.6 and N =10,20
« (x.t) N=10 N =20
(0.1,0.1) 9.2852x10°  8.4385x10™* 4.5158x10°° 7.484x107
(0.2,0.2) 2.2201x10%  1.1433x10°° 5.4722x10°° 1.2260%x10°°
(0.3,03)  35651x10° 5.3780x10™* 1.75791x10°  4.5398x10°°
14 (0.4,0.4) 4.9628x10°  1.5545x10™* 6.16598x10°  1.52821x10°
(0.5,0.5) 6.4449x10°  5.3227x10" 1.487415x10*  3.61098x10°°
(0.6,0.6) 7.9514x107°  1.3268x10° 2.808198x10*  6.71903x10°
(0.7,0.7) 9.1443x107%  1.9159x10°° 4.465890x10*  1.056595x10*
(0.8,0.8) 8.7942x107%  2.0414x10°° 6.226345x10"  1.457116x10°°
(0.9,09)  9.2321x10°  1.8996x10°° 7.445275x10"  1.719402x107
(0.1,0.1) 4.1518x10°  1.1685x10°° 6.93424x10°  1.50576x10°
(0.2,0.2) 1.0319x10%  2.5887x10° 4.24945x10°  8.8257x10°
(0.3,0.3) 1.7757x107%  2.8863x10°° 3.96546x10°  8.6607x10°
16 (0.4,0.4) 2.6987x107%  2.3912x10° 5.38836x10°  1.26185x10°°
(0.5,0.5) 3.8327x107%  1.7692x10°° 1.316628x10*  3.09618x10
(0.6,06)  5.0993x107% 1.4174x107 2.538026x10*  6.06844x10°°
(0.7,0.7)  6.1379x10°  1.4334x10° 4.144158x10*  9.79853x10°°
(0.8,08)  56577x10% 1.6653x10°° 5.952975x10*  1.395405x10°*
(0.9,09)  3.8618x107% 1.7449x107 7.282169x10*  1.685685x10°*
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Table 7. A comparision of absolute errors for At =0.00001,« =1.6 and N =20.

a=16
[7] (m=9) Present Method
{ X Absolute error Relative error Absolute error Relative error
0.4 9.3726x10™* 1.3286x1072 1.26185x10° 1.789x10™*
0.6 9.4592x107* 3.6950x10°° 3.02423x10°° 1.1813x10°°
0.4 0.8 6.5448x107 1.4462x107" 4.52139x10°° 9.9910x107%
0.4 1.7359x10™* 8.6999x10™* 7.66008x107° 3.839x10™
0.8 0.6 1.2080x10™* 1.6683x107° 1.075323x10°* 1.4851x10°°
0.8 2.4657 x107* 1.9263x1072 1.395405x10* 1.09016x1072

Table 8. A comparision of absolute errors for At =0.00001,« =1.8 and N =20

a=18
[7] (m=9) Present Method
t X Absolute error Relative error Absolute error Relative error
0.4 3.4329x10°° 4.8663x107? 1.22000031x102  17.29385x10°°
0.6 3.4391x10°° 1.3434x10™* 7.7639662x10°  30.32794x107
0.4 0.8 2.1582x10°° 4.7690x10" 2.8061378x10°  62.00712x1072
0.4 6.9075x10™ 3.4618x107° 1.22414817x10?%  6.13509x102
0.8 0.6 6.5491x10™* 9.0448x10°° 1.22552370x107%  16.92529x10?
0.8 5.7248x10™ 4.4725%x1072 8.1618789x10°  63.76431x107?

Figure 1. The numerical solutions of Time Fractional Klein Gordon equation for &« =1.3 and 1.5.

Fiagure 2. The numerical solutions of Time Fractional Klein Gordon equation for ¢ =1.8 and 1.9.

3.2 Example 2: f(x,t)= M

In  our second example, weassume that
a=-1b=0,c=25¢e*, #=3/2and the forced termis

X (1—x)3t2
+(30x4 —60x3 +36x° —6x)t2“’
+ 2.5eXX4.5 (l— X)4-5 t3+1.5a

with the boundary conditions and the exact solution is
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u(x,0)=0, u,(x0)=0
u(0,t)=0, u(Lt)=0
u(x,t)=x° (l—x)stz*“

In the considering numerical experiment, we present a
series of table according to error norms L, and L, .

Table 6- 9 consist of error norms results for various
values of time step At . and space step h for « =1.3 and

1.5, respectively. It can be seen from the tables, the most
convergent results are found for the values h =0.01 and
At =0.00001.

Numerical results have same behaviour as first example
i.e decreasing in time and space step size ends up with
decreasing in the error norms. At the end of this part,
numerical simulations of example 2 are depicted for the
various choosing of « parameters in Figures 1 and 2.

Table 9. A representation of the L, x10° norm for various values of At and h for ¢ =1.3.

At 0.01 0.005 0.001 0.0005 0.0001 0.00005 0.00001
h
0.25 0.916627 0.916267 0.916166 0.916172 0.916182 0.916184 0.942900
0.125 0.271518 0.271585 0.271579 0.271572 0.271566 0.275610 0.275609
0.1 0.175499 0.175609 0.175612 0.175604 0.175596 0.175594 0.187200
0.05 0.044173 0.044332 0.044348 0.044338 0.044327 0.045241 0.062025
0.025 0.010973 0.011106 0.011124 0.011113 0.030162 0.011342 0.011340
0.0125 0.002817 0.002784 0.002801 0.002789 0.002777 0.002837 0.002835
0.01 0.001940 0.001788 0.001803 0.175604 0.001778 0.001817 0.032412
Table 10. A representation of the L_x10° norm for various values of At and h for ¢ =1.3.
At 0.01 0.005 0.001 0.0005 0.0001 0.00005 0.00001
h
0.25 1.178927 1.177854 1.177550 1.177568 1.177597 1.177603 1.236302
0.125 0.416998 0.416427 0.416247 0.416252 0.416265 0.419592 0.419595
0.1 0.256970 0.256507 0.256359 0.256363 0.256373 0.256375 0.282494
0.05 0.062948 0.062482 0.062332 0.062336 0.062346 0.063598 0.111092
0.025  0.016361 0.015783 0.015599 0.015604 0.053928 0.016170 0.016159
0.0125 0.004637 0.004063 0.003995 0.003950 0.003910 0.004070 0.004059
0.01 0.003248 0.002660 0.002603 0.002558 0.002500 0.002612 0.051111
Table 11. A representation of the L, x10° norm for various values of At and h for o =15.
At 0.01 0.005 0.001 0.0005 0.0001 0.00005 0.00001
h
0.25 0.933111 0.933327 0.933555 0.916172 0.916182 0.916184 0.916186
0.125 0.281918 0.281729 0.281544 0.271572 0.271566 0.271565 0.271564
0.1 0.187800 0.187536 0.187273 0.175604 0.175596 0.175594 0.175593
0.05 0.063206 0.062689 0.062171 0.044338 0.044327 0.044325 0.044323
0.025 0.038371 0.037691 0.036999 0.011113 0.011102 0.011100 0.011098
0.0125 0.034415 0.033709 0.032989 0.002789 0.002777 0.002775 0.002773
0.01 0.002590 0.001788 0.032617 0.001791 0.001778 0.001776 0.001775
Table 12. A representation of the L x10® norm for various values of At and h for =15
At 0.01 0.005 0.001 0.0005 0.0001 0.00005 0.00001
h
0.25 1.213214 1.213791 1.214409 1.177568 1.177597 1.177603 1.177608
0.125 0.406493 0.406761 0.407052 0.416252 0.416265 0.416267 0.416270
0.1 0.284914 0.283863 0.282795 0.256363 0.256373 0.256375 0.256377
0.05 0.113572 0.112493 0.111400 0.062336 0.062346 0.062348 0.062349
0.025  0.066852 0.065765 0.064665 0.015604 0.015616 0.015619 0.015621
0.0125 0.055051 0.053957 0.052853 0.003950 0.003910 0.003912 0.003914
0.01 0.004670 0.002660 0.051422 0.002558 0.002500 0.002501 0.002503
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Figure 3. The numerical solutions of Time Fractional Klein Gordon equation given in example 2 for =13 and 1.5.

Figure 4. The numerical solutions of Time Fractional Klein Gordon equation given in example 2 for ¢ =1.8 and 1.9.

4. CONCLUSION

In conclusion, this study has introduced to obtain
numerical approximations using the finite element
method. We have started with the application of the
method to the time fractional Klein Gordon equation.
Then, the problem has converted into ordinary
differential equation system with the help of cubic B-
spline basis and element shape parameters. Using
mathematical coding, the newly obtained numerical
scheme is solved with an iterative method uses an initial
vector to purpose of generate approximate solution for
two test problem. Additionally, the newly numerical
results with the calculation have shown that has a
reasonable agreement with exact ones. After all the
numerical experiments examined in this paper, we can
conclude that finite element collocation method and L2
algorithm can be a useful tool for obtaining numerical
solutions of wide variety problems on fractional order
partial differential equations.
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oz

Giig sistemi kararli kilicist (PSS), diisiik frekansh salinimlarin bastirilmast igin etkili bir aragtir. Bu makalede, tek makinali sonsuz
barali (TMSB) sebeke icin Oransal Integral Tiirevsel (PID) PSS'nin optimal tasariminda yeni bir algoritma kullanilmistir. Kontrolor
tasarim problemi, bir optimizasyon problemine doniistiiriildii ve kontroldriin PID parametreleri, giiglii bir optimizasyon metodu
olan bobrek-ilhamli algoritma (KA) kullanilarak ayarlandi. Yeni tasarimlanmig PIDPSS'in verimliligi, diferansiyel evrim (DE) ve
yapay ar1 kolonisi algoritmasi (ABC) tabanli PIDPSS tasarim yontemlerine kiyaslanarak biiyiilk ve kiigiik arizalar altindaki
TMSB'ye uygulandi. Lineer olmayan zaman domeni simiilasyon sonuglari, 6nerilen KA tabanli kontroloriin (KA-PIDPSS) diger
yontemlere gore daha mitkemmel bir soniimleme performansi sagladigini gostermektedir.

Anahtar Kelimeler: Bobrek-ilhamh algoritma, PID kontrolor tasarimi, gii¢ sistemi kararlihg, diisiik frekansh salimmlar.

Kidney-inspired Algorithm for Determination of PID
Power System Stabilizer Parameters

ABSTRACT

Power system stabilizer (PSS) is an operative tool for the suppression of low frequency oscillations. In this article, a novel algorithm
is used for the optimal design of Proportional Integral Derivative (PID) PSS for a single machine infinite bus (SMIB) network. The
controller design problem is converted to an optimization problem and the PID parameters of controller are tuned by using kidney-
inspired algorithm (KA) which is a powerful optimization method. The efficiency of the newly designed PIDPSS is applied to the
SMIB under large and small disturbances in comparison with the differential evolution (DE) and artificial bee colony algorithm
(ABC) based PIDPSS design methods. Nonlinear time-domain simulation results show that the proposed KA based controller (KA-
PIDPSS) gives an excellent damping performance compared to other methods.

Keywords: Kidney-inspired algorithm, PID controller design, power system stability, low frequency oscillations.

1. GIRIS (INTRODUCTION) calisma yapildi. Farkli ¢alisma kosullarinda PSS
Biiyiik enterkonnekte gii¢ sistemlerinde 0.1-3 Hz parametrelerinin tasarimi i¢in gradyan prosediiriin bir
araligindaki diisik genlikli salinimlar, maksimum gig ~OmMegi olarak klasik optimizasyon yontemleri [4] ‘te
aktarimi1 ve optimum gii¢ sistemi giivenligi hedefleri igin ~ Onerilmistir. Ne yazik ki, iterasyonda optimizasyon
zararlidir [1]. Bu diisiik frekansl salimimlar, generatoriin ~ SUIect 1611 fiuyarhhlf ve Ozvektorlerin hesaplanmasi
sebekeden ayrilmast ve hatta dnemli sistem kesintilerinin ~ gerekmektedir ve agir hesaplama islemi ile yavas
olusmast gibi ciddi sonuglara sebep olabilir.  Giig yakinsama orani bu siirecin olumsuz yanlaridir. Buna ek
sisteminin kararliligy, elektrik miihendisleri tarafindan olarak, yerel minimuma yaka[anma Ve en uygun
arastirilan en énemli sorunlardan biri olan giig sistemi ~ ceVaplart alamama karsilasilan diger problemlerdir. PSS
giivenlik korumasinin 6ziidiir [2]. Gegici hal kararhilik ~ f@sarm problemi karmasik b1r multimodal optimizasyon
sinirlarint iyilestirmek icin kullanilan hizl hareket eden ~ Problemidir, bu nedenle tirev ve gradyan kullanan
statik uyarma sistemleri, diisiik frekansli salinimlari geleneksel optimizasyon teknikleri global optimumun

soniimlemeye biiyiik bir katkida bulunur. Gii¢ sistemi yerini belirleyemedikleri igin l')éyle" bir problem“ igin
kararli kilicilar1 (PSS), diisiik frekansli salmimlar — 4Y&UD degildir. Bunun igin sezgisel yontemler bu tiirden

azaltmak ve gili¢c sistemi kararliligimi arttirmak igin
yaygin sekilde kullanilmaktadir. [3] Endiistriyel
uygulamalarda en c¢ok tercih edilen PSS tirii PID
(oransal, integral, tlirevsel) tipi kontrolorlerdir.

PSS kullanmak suretiyle gii¢ sistemi diisiik frekansh
salinimlarin soniimlenmesi konusu iizerine ¢ok sayida

*Sorumlu Yazar (Corresponding Author)
e-posta : ekinciser@yahoo.com

global optimizasyon problemleri i¢in daha yararhdir.

Literatiirde genellikle evrimsel ve siiri zekasi
yaklagimlarina dayanan ¢ok sayida akilli teknik, kiigtiik
isaret sallmimlarimi bastirmak i¢in PSS tasarimina
uygulanmistir. Bu teknikler arasinda genetik algoritma
(GA) [5,6], parcacik siiriisti optimizasyonu (PSO) [7,8],
diferansiyel evrim (DE) [9], yarasa arama algoritmasi
(BA) [10], bakteriyel yem arama algoritmasi (BFA) [11],
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yapay ar1 kolonisi (ABC) [12,13], armoni arama
algoritmast (HSA) [14], guguk kusu arama algoritmasi
(CS) [15], hibrit PSO-ABC [16] ve geri izleme arama
algoritmast (BSA) [17] gii¢ endiistrisinde parametrelerin
ayarlanmas1 i¢in yaygin olarak kullanilmaktadir.
Nispeten daha iyi performans ve dayaniklilik icin
sezgisel optimizasyon teknikleri geleneksel tekniklerden
cok fazla onem kazanmistir ancak sezgisel yontemler
ayrintilidir ve tam olarak optimize edilmis bir ¢ézimii
garanti etmez. Yakin ge¢miste, c¢esitli yayinlar, bazi
sezgisel yontemlerin bir takim dezavantajlarini ve
kisitliliklarmi ~ ortaya  koymustur.  Ornegin, GA
algoritmalari, birbiriyle oldukga iligkili parametrelerin
ayarlanmasi durumunda cesitli zorluklarla
kargilagmaktadir. Ayrica, en uygun ¢6ziimii bulamama ve
yavas yakinsama gibi sorunlara sahip oldugu tespit
edilmistir [18].

Bobrek-ilhamli algoritma (KA) etkin ve giiclii bir global
optimizasyon teknigi olarak ilk kez Jaddi ve arkadaslari
tarafindan 2017 yilinda 6nerildi [19]. Bu optimizasyon
teknigi, bobreklerin {riner sisteminin  fizyolojik
yapisindaki dort islevi (filtreleme, yeniden emilim,
salgilama ve bosaltim) taklit eder [19]. On calismalar,
KA'nin optimizasyon yetenegi kisitsiz optimizasyon
problemlerini ¢6zmek icin literatiirde mevcut olan GA,
PSO, BA vb. diger optimizasyon algoritmalarindan daha
iistlin oldugunu gdstermistir, c¢linkii bu ydntemler
multimodal optimizasyon problemlerinin ¢oziimiinde
basarisizdirlar [19]. Kesif (exploration) ve sOmiirme
(exploitation) arasindaki denge, bu optimizasyon
tekniginin temel avantajidir [19]. Bu yeni algoritma
birka¢ uygulama diginda [20,21] miihendislik alanindaki
birgok konuya heniiz uygulanmamastir.

Bu galismada, KA metodu gii¢ sistemi kararli kilicist igin
PID kontrolér parametrelerinin optimal ayarlanmasinda
ilk kez oOnerilmigtir. Lineer olmayan optimizasyon
problemi olan PID tipi PSS tasariminda KA ¢alistirilarak
hatanin mutlak degerinin integrali (IAE) olan amag
fonksiyonu optimize edilmistir. KA ile parametreleri
belirlenen PID kontroldriin etkinligi DE ve ABC tabanl
PID kontrolorle karsilagtirilarak biiyiik ve kiigiik
bozunumlara maruz kalan tek makinali sonsuz barali bir
giic sisteminde test edildi. Simiilasyon sonuglari,
onerilen KA tabanli kontroldriin basarili soniimleme
performansina sahip oldugunu gdstermistir.

2. BOBREK iILHAMLI ALGORITMA (KIDNEY-
INSPIRED ALGORITHM)

Nispeten yeni bir optimizasyon teknigi olan bdbrek-
ilhaml1 algoritma (KA) ilk olarak Jaddi vd. tarafindan
2017 yilinda Onerilmistir ve insan viicudundaki
bobreklerin iglevine dayalidir [19]. Sekil 1’de bobregin
temel fizyolojik mekanizmasi gosterilmektedir. Insan iire
sistemindeki ana biyolojik yap1 olan bobrekler, kandaki
iyon miktarini idare edebilmek i¢in kani filtrelemekte ve
ayrica fazla suyu ve atiklar1 iire yoluyla atarak
gidermektedir.  Bobreklerdeki  filtreleme  islemi,
¢oziinmiis maddelerin tiiplere tasindigi ve yeniden

emilimin gerceklestirildigi glomertiler kilcal
damarlardan baslar. Yeniden emilim ile tiiplerden ¢ikan
¢ozlinmiis maddeler kan dolasimma geri gonderilir.
Coziinen maddelerin renal tiipe dogru hareketi ise
fazlaliklarin iire yoluyla atilmasindan dolayr bir
salgilama islemi olarak diisiiniiliir. Béylece, bobreklerin
islevsel siireci dort agsamada oOzetlenebilir: filtreleme
(filtration), yeniden emilim (reabsorption), salgilama
(secretion) ve bosaltim (excretion) [19].

Eferent
Arteriol

Aferent
Arteriol

—9

1. Filtreleme
Glomeriiler 2. Yeniden emilim
Kilcal Damarlar 3. Salgilama
4. Bosaltim
Bowman
Kapsiilii
Peritiibiiler
Kilcal Damar

Bobrek
Damari

Ure Bosaltimi

Bosaltim = Filtreleme - Yeniden Emilim + Salgilama

Sekil 1. Bobregin temel fizyolojik mekanizmasi [22] (Main
physiologic mechanism of the kidney [22])

Diger popiilasyon tabanli algoritmalarda oldugu gibi
KA'nin baslangic asamasinda da rasgele bir ¢dziim
popiilasyonu  olusturulur ve bunlara ait amag
fonksiyonlar1 hesaplanir. Her iterasyonda, tim ¢6ziimler
icin simdiye kadar bulunan en iyi ¢Oziim yOniinde
ilerleyen yeni bir ¢6ziim olusturulur. Bu algoritmada,
yeni bir ¢6ziimiin hareketi agsagidaki gibi formiile edilir
[23]:

Sol,,, = Sol; + rand(Sol,,, —Sol,) 1)

Burada Sol KA popiilasyonu igindeki bir ¢6ziimii, Sol;
i.nci iterasyondaki bir ¢6ziimii, rand rastgele bir sayiy1 ve
SOlpest simdiye kadar bulunan en iyi ¢oziimii temsil
etmektedir. Popiilasyondaki daha kaliteli ¢6ziimler
filtreleme operatori uygulanarak filtrelenmis kan (FB)
icine siiziilirken kalan ¢oziimler de atik ¢opiine (W)
tasinir. KA'da filtreleme, her iterasyonda hesaplanip
giincellenen  bir  filtreleme  oram1  kullanilarak
gergeklestirilir. Filtreleme oran1 agagidaki gibi hesaplanir
[23]:

> ()
f=ax2t— n 2
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Burada f; filtreleme oranini, & [0, 1] araliginda sabit bir
saylyt, p popilasyon biyikligini ve f(x) .
iterasyondaki x ¢oziimiine ait amag fonksiyonunu temsil
etmektedir. Coziimiin FB veya W iiyesi olup
olmayacagii belirlemek i¢in algoritmanin izleyecegi
kural ise asagidaki gibidir:
e  (Cozlimiin kalitesi > fr ise, ¢0ziimii bir FB {iyesi
olarak kabul et.
e  (Coziimiin kalitesi < f7 ise, ¢dziimii bir W tiyesi
olarak kabul et.
Eger bir ¢oziim W’ye kabul edilirse, ¢oziimiin kendisini
iyilestirmesi ve daha sonra FB’ye tasinabilmesi i¢in ona
bagka bir firsat verilir. Bu firsat tatmin edici bir sekilde

kullanilamazsa (yani ¢6ziim kalitesi filtreleme oranindan
kii¢iik olursa) ¢ozlimiin #den bosaltimi1 yapilir ve bunun
yerine bagka bir rastgele ¢oziim W'ye eklenir. Diger
taraftan, eger, filtreleme isleminden sonra, bir ¢6zim
FB’ye yerlestirilir ve bu ¢dziimiin kalitesi FB’deki en
koti ¢oziimden daha iyi degilse FB’den salgilanir (atilir).
Ancak, eger ¢6ziim FB’deki en kotii ¢oztimden daha iyi
ise bu takdirde FB’deki en kotii ¢6ziim salgilanir. Daha
sonra FB’deki ¢o6ziimler siralanir ve simdiye kadar
bulunan en iyi ¢6ziim giincellenir. Bu siire¢ sonlandirma
kriterine ulasana dek tekrar edilir. KA’nin caligma
mekanizmasi sematik olarak Sekil 2’°de gosterilmektedir
[19].

x % ¥ s + @) (Yo @ty
***** * ote + o toti ®
* *x + + te e
2) b) Yeniden emlllrr::,}salgllama we
4+ 3¢ Gozelt — Yeniden emilim
+ . + ** * * * + Filtrelenmig kan -~ + Salglama
+ + 4 ® ® rk —* Bosaltim

+ +’ + * * ‘* * * Rastgele cizelti

d) e)

Yeni cozimlerin yerlestirilmesi

Yeni popiilasyon

Sekil 2. KA’nin ¢alisma mekanizmasi a) Baglangic popiilasyonu b) Filtreleme agamasi ¢) Yeniden emilim, salgilama ve bosaltim
d) Yeni ¢oztimlerin yerlestirilmesi ¢) Yeni popiilasyon [19]. (The operating mechanism of the KA a) Initial population b)
Filtration stage ¢) Reabsorption d) New solutes placement €) New population [19].)

3. GUC SISTEMi MODELI (POWER SYSTEM
MODEL)

Sekil 3’te sematik diyagrami gosterilen sonsuz baraya
bagli tek makinali gii¢ sistemi; bir iletim hatti, generatdr,
otomatik gerilim regiilatérii, uyarma sistemi ve giig
sistemi kararli kilicisindan (PSS) meydana gelmektedir.

Uyarma ve PSS ilaveli aki-soniimlii modele iligkin

senkron makinanin diferansiyel ve cebirsel denklemleri
asagidaki sekilde tanimlanir [24, 25]:

dé
g -1 3
” o,(0-1) (©)
do Py —[Eji, + (% = %))iyi;]1-D(@-1) @
dt M
d_Ec; _ Efd - Eé _Exd _Xé)id (5)
dt Ty
d:fd _ Ka (Vref _Vt +Vpss)_ Efd (6)
t T

a

Es. (3)—(6) giic sisteminin diferansiyel denklemleridir.
Burada, & rotor agisi, @ rotor hizi, @s senkron hizi, Py
mekanik giris giicli, Eq" g-ekseni gegici gerilimi, Egq
uyarma gerilimi, M atalet sabiti, D s6niim katsayisi, T,
d-ekseni gegici zaman sabiti, X, ve X, sirastyla d-ekseni
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ve g-ckseni senkron reaktans bilesenleri, x; d-ekseni
gegici reaktansi, i, ve i, sirastyla d-ekseni ve g-ekseni
endiivi akimlari, V, generatdr terminal gerilimini, V.
referans gerilimi, V  PSS’nin ¢ikis gerilimi, K, ve T,
sirasiyla uyarma geriliminin kazang ve zaman

sabitleridir. Es. (3)—(6)’nin hesaplanmast ile ilgili
Simulink modeli Sekil 4’te gosterilmistir.

Senkron
Generator

V£ R iX o
e e 3
Aw a
G
U iletim Hatt1 g
%}
vV /0
' m .
Otomatik Gerilim Regiilatorii
PSS (AVR) + Uyarma
L -———————
Vs
\Y/

Sekil 3. Tek makinali sonsuz barali sistemin sematik diyagrami
(Schematic diagram of single machine infinite bus
system)
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To Workspace dw
[Eqd] %
Add dw
Product2 ]
> ws — [delta]
+ 1 s
Lo g >+
* ’ Scope dw 180/pi
Add4 Integrator
DJ—’ Add3 » |:| Scope delta (deg)
» -
fic] Damping
p ]
Integrator4 Add2 P delta
1 /~ To Workspace delta
s " " Integrator2
Saturation Efd 1 (Eqd]
S »
X » -
Product

id]

Sekil 4. Simulink ile diferansiyel denklemlerin modellenmesi (Modeling of differential equations with Simulink)

Xglq =V =0 ()
E; — X4y =V, =0 8)
Ry — X,i; =V, -V, sind 9)
Xy +Rii, =V, -V, coso (10)
V, = (V2 +V,7)" (11)

Es. (7) ile Es. (8) stator cebirsel denklemlerini ve Es.
(9)-(11) ise sebeke denklemlerini ifade etmektedir.
Burada, V,ve V, sirasiyla V, terminal geriliminin d-
ekseni ve g-ekseni bilesenleridir. Es. (7)—(11)’e iliskin
Simulink modeli Sekil 5’te gosterilmistir. Sebeke
denklemlerinde R, hat direnci ihmal edilmistir. Gegici
hal kararlilik analizlerinde tek makinali sonsuz barali gii¢
sistemi i¢in tasarlanan bu iki Simulink tabanh
modellerden yararlanilacaktir.

Fcn3
Mux p  w@ruE)xdd 4@ I\
.
() 4@ To Workspace Vt Scope Vt
» u
vt » [
Fend [vd]
sqrt(u(1y*2+u(2y*2) |Fcnb
Mux > -u(5)u2)+ud)sin(u(d)) e >
u(5yu(1)+u(4d)cos(u(3))
@—»
Fen2
[va]

Sekil 5. Simulink ile cebirsel denklemlerin modellenmesi (Modeling of algebraic equations with Simulink)

4. ONERILEN TASARIM YONTEMI (PROPOSED
DESIGN METHOD)

4.1. PSS’nin Yapisi (Structure of PSS)

PID tipi giic sistemi kararli kilicisinin temel gorevi,
makine elektriksel momenti ve uyarma girisi arasinda faz

gecikmesini kompanze ederek, generatoriin rotorunda
uygun bir moment olugturmaktir [24]. PID kararl1 kilicisi
K, oransal, K, integral, K, tirevsel kazanglari, T,

yiiksek geciren filtre devre zaman sabiti ve ¢ikis
Vmax ve Vmin

sinirlamalarindan olusur (Vg pss )+ Ty nin degeri
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kritik olmamakla beraber genellikle 1-20 s araligindadir
[13]. PID kontroldriiniin yapist Sekil 6’da gosterilmistir.

KA Teknigi

Y v e
Aw sT,

w K
—> l+STW - KP +?I+KDS jLVVpSS

vV min

pss

Sekil 6. PID tipi PSS nin yapisi (The structure of PID type PSS)

4.2. Amag¢ Fonksiyonu (Objective Function)
Bu ¢aligmada, T, temizleme zaman sabiti 10 s olarak

almmustir [13]. Kp, K; ve Kp kontrolér kazanglarinin
belirlenmesi gereklidir. Biiylik bir arizanin ardindan giic
sistemi kararliliginin iyilestirilmesi ve diisiik frekansh
salmimlarin minimize edilmesi i¢in PSS tasarlanir. Bu
salmimlar, gii¢ ag1s1 (d), rotor hiz1 (Aw), ve hat giiclindeki
(PL) sapmalardan goriilebilir. Bu sapmalardan herhangi
birinin veya tiimiiniin birden minimize edilmesi temel
amactir. Bu ¢alismada, hata isareti olarak Aw hiz
sapmasini kullanan hatanin mutlak degerinin integrali

N\ Tws
[aw] > >

PID

(IAE) amag fonksiyonu olarak secilmistir [26]. Sekil 7°de
gosterilen IAE matematiksel olarak asagidaki sekilde
verilebilir.

Jpe = j:|Aw(t)| dt (12)

A
Jiae = Taralh alanlar toplami

Ao : Hata igareti

t(=)

| a
Vv

e(t)

Sekil 7. IAE amag fonksiyonu (Objective function IAE)

Burada ts simiilasyon zamamdir. Sekil 8’deki Simulink
modeli, PID-PSS isaret ¢ikisiin ve Jiag amag
fonksiyonunun hesaplanmasini gostermektedir.

PID Controller

o > [Vpsd

/|
P

Saturation Vs

—» J_IAE Vpss

To Workspace Vs

[0

lul —»

Abs

» [J_IAE]

Sekil 8. PID-PSS ve Jiae i¢in Simulink modeli (Simulink model for PID-PSS and Jiag)

Sistem cevabimin yerlesme zamani ve asim agisindan
iyilestirilmesi i¢in Jiae amag¢ fonksiyonunun en kiigiik
degerini almasi gerekmektedir. Tasarim problemi igin
PID tipi kontroldriin parametrelerinin sinirlarinin
belirlenmesi  gereklidir ve bu kisitlamalar Es.
(13)—(15)’te verilmistir.

Ko™ < K, < K™ (13)
K™ <K, < K™ (14)
Ko™ < K < KD (15)

Kp, K| ve Kp kazang parametrelerinin alt sinir1 0.001 ve
{ist stnir1 15 olarak alinmistir [27]. Onerilen yaklasimdan
yararlanmak suretiyle, MATLAB ortaminda kodlanan
KA teknigi caligtirilarak bu optimizasyon problemi
¢oziiliir ve en uygun PSS parametreleri elde edilir.

5. SIMULASYON SONUCLARI (SIMULATION
RESULTS)
5.1. Test Sistemi (Test System)
Bu ¢alismada kullanilan tek makinali sonsuz barali gii¢
sisteminin hat, generatdr ve uyarma parametreleri
Cizelge 1’ de verilmigtir [24].
Cizelge 1. Sistem verileri [24] (System data [24])

M=2H=6; Xx,=16 pu; x,=155 pu;
Generatdr | _0.32 pu; T, =6 s; @, = 27x60 radss;
P=0.8 pu; Q=0.4 pu; D=0
Hat R,=00 pu; X,=0.4 pu; V, =1.0 pu
Uyarma | K =50 ; T,=005 s
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5.2. PID-PSS Tasarimina KA Tekniginin
Uygulanmasi (Implementation of KA technique to
PID-PSS design)

PID tipi kontroloriin optimum parametrelerini ayarlayan
KA’nm etkinligini ve iistiin performansini gostermek
amaciyla elde edilen sonuglar, DE ve ABC kullanilarak
elde edilen sonuglarla karsilastirilacaktir. Bu ¢alismada
karsilagtirma icin se¢ilen bu iki algoritma optimizasyon
problemlerinin ¢dziimiinde g¢okga tercih edilmektedir.
KA, DE ve ABC tekniklerinin PID-PSS tasarim
problemine uygulanmasi igin gerekli kodlamalar
MATLAB programinda gergeklestirilmistir. Diizgiin bir
kiyaslama yapilabilmesi agisindan {i¢ algoritma igin
popiilasyon ve iterasyon sayisit sirasiyla 50 ve 20

secilmigtir. PID-PSS tasariminda kullanilan KA
tekniginin hesaplamali akis diyagramu Sekil 9°’da
verilmigtir.

BASLAT

| KA tekniginin parametrelerinin girilmesi

!

PID-PSS parametrelerinin (Kp; K, ve Kp)
sinirlarini ve baslangi¢ degerlerini belirle

iterasyon = 0 #

Zaman domeni simiilasyonlart
yapilarak Es. (12)’deki Jjag’yi hesapla

!

En iyi ¢6ziim kombinasyonunu kaydet

.

!

Sonlandirma kogulu
saglantyor mu?

KA tabanli PID-PSS’nin
parametrelerini rapor et

iterasyon = iterasyon + 1

KA’nin temel adimlarim uygula (filtreleme;
yeniden emilim; salgilama ve bosaltim)

Sekil 9. Onerilen KA tabanli PID-PSS tasarmmmin akis
diyagramu (Flowchart of the proposed KA based PID-
PSS design)

Zaman domeni simiilasyonlarinda sistemin maruz kaldig
iki ariza tiirii diistnildi.

a) Bilylik Ariza Tirii: t=1 s’de generator uglarindaki
iic-fazl1 6 periyotluk kisa devre arizasi
b) Kiiciik Ariza Tiirii: t=1 s’de mekanik gii¢ girisinde
%12.5°lik ani bir artigin olmas1 (AP»=0.10 pu)
Ug-fazli biiyiik arizamin sistem davranisi iizerinde ¢ok
ciddi bir etkisi oldugundan, PID-PSS kontroldrii bu ariza
tiirline gore tasarlanmistir. Ug yontem kullanilarak elde
edilen PID kontroldr parametrelerinin optimum degerleri
Cizelge 2’de sunulmustur.

Tim metotlarin yakinsama karakteristigi Sekil 10°da
gosterilmistir. Jjag amag¢ fonksiyonunun yakinsama

grafiginden goriilecegi ilizere KA metodu diger iki
metoda gore daha hizli ve iyi bir yakinsamaya sahiptir.

Cizelge 2. Optimum PID-PSS parametreleri (Optimal PID-PSS

parameters)

Ayarlama PID Kazanglari
Metodu Ko K, Ko
KA 14.6908 | 2.7639 | 4.8424
DE 11.4825 | 0.8173 | 3.1350
ABC 4.2629 0.0019 | 6.0334

0.016

0.014

0.012

0.01

IAE amag fonksiyonunun degeri

0.008

2 4 6 8 10 12 14 16 18 20
iterasyon sayisi

Sekil 10. Jiae amag¢ fonksiyonunun yakinsama hizi
(Convergence rate of the objective function Jiag)

5.3. Geg¢ici Hal Kararhiik Analizi (Transient Stability
Analysis)

Biiyiik ve kii¢iik ariza durumlarinda onerilen KA tabanli

PID-PSS’li sistemin performansimi degerlendirmek igin

zaman domeni simiilasyonlar1 gergeklestirilmistir.

Biiviik Ariza Durumu: t=1 s’de generator terminal
barasina tig-fazli bir ariza uygulandi ve 6 periyot
(tanza=0.1 s) sonra arizanin temizlendigi diisiiniildi. Tlgili
arizanin giderilmesiyle sistem eski ¢alisma kosullarina
dondiiriildii. Bu tig-fazli ariza ihtimalinde tek makinali
sonsuz barali sistemin rotor agist (8) ve hiz sapmasinin
(Aw) cevaplart sirastyla Sekil 11 ve 12°de gosterilmistir.
Bu sekillerdeki cevaplardan anlagilacagt {izere
kontrolsiiz sistem kararsizdir. Bununla birlikte diger iki
algoritma tabanli PIDPSS’ye nazaran KA tabanl
PIDPSS daha kisa yerlesme zamanina sahip olarak diisiik
frekansli salinimlara en iyi soniim karakteristigi saglar ve
sistemi daha ¢abuk kararli hale getirir.

100 T T T T T

§ (derece)

——Kontrolsiiz —— DE-PIDPSS ----- ABC-PIDPSS — KA-PIDPSS

1 2 3 4 5 6
Zaman (s)

Sekil 11. Biiyiik ariza i¢in rotor agisi cevabi (Rotor angle
response for large disturbance)
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0.015- b

0.01

0.005

Ao (pu)

-0.005

-0.01

-0.015f

—Kontrolsiiz ——DE-PIDPSS -~ ABC-PIDPSS — KA-PIDPSSi

0 1 2 3 4 5 6
Zaman (s)

Sekil 12. Biiyiik ariza i¢in hiz sapmasi cevabi (Speed deviation
response for large disturbance)

Kiiciik Ariza Durumu: Onerilen kontroldriin
performansi, t=1 s’de mekanik gii¢ girisine %12.5’lik ani
bir artis uygulanarak dogrulandi. Kiigiik ariza
durumunda, Sekil 13 ve 14 sirasiyla & ve A®’nin
cevaplarini gostermektedir. Sistemde PID kontrolor
olmadiginda sistem kararli olmasina ragmen salinimlar
cok gec sonmektedir. Ayrica onerilen KA-PIDPSS bu
kiigiik ariza durumunda da daha az asim ve daha kisa
stireli yerlesme zamanina sahiptir.

61 T T T T T

601 »
591 b
581 b
57
56

55
54
53

& (derece)

52
51

——Kontrolsliz ——DE-PIDPSS ----- ABC-PIDPSS — KA-PIDPSS
50

0 1 2 3 4 5 6
Zaman (s)

Sekil 13. Kiigiik ariza igin rotor agisi cevabi (Rotor angle
response for small disturbance)

: T T T :
15 B
1k i
0.5F |
2
~ 0 —
]
|
05k |
A1 N
18- ]
_—Kontrolsiiz —DE-PIDPSS -~ ABC-PIDPSS — KA-PIDPSS
2 1 2 3 4 5 6

Zaman (s)

Sekil 14. Kiigiik ariza i¢in hiz sapmasi cevabi (Speed deviation
response for small disturbance)

6. SONUC (CONCLUSION)

Bu makalede PID tipi gii¢ sistemi kararli kilicisinin
optimizasyonu, insan viicudundaki bdbregin calisma
fizyolojisinden esinlenen KA teknigi kullanilarak ilk kez

arastirillmistir. KA’nin mevcut olan diger tekniklere
kiyasla daha iyi dengelenmis mekanizmaya (iistiin kesif
ve sOmiirme yetilerine) sahip ve yakin zamanda
onerilmis sezgisel bir teknik oldugunu belirtmek gerekir.
KA tekniginde IAE performans indeksi amag fonksiyonu
olarak se¢ildi ve minimum hale getirildi. Tasarim tipik
bir tek makinalt sonsuz barali gii¢ sistemine uygulandi.
Rotor agis1 ve hiz sapmasi i¢in sistemin simiilasyon
sonuglari, optimum tasarlanan KA optimizasyon yontemi
tabanli PID-PSS (KA-PIDPSS)’nin gii¢ sisteminin
kararliligm1 ve performansini DE-PIDPSS ve ABC-
PIDPSS’ye oranla daha 1iyi sekilde artirdigim
gostermistir.
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Radyant sistemler geleneksel 1sitma ve sogutma sistemlerine gore daha iyi 1s1l konfor sartlar1 saglamalarinin yaninda diisiik enerji
tiikketimleriyle de on plana ¢ikmaktadirlar. Radyant panel sistemlerinin enerji ve ekserji agisindan gosterdikleri performanslar diinya
capinda akademisyenlerin ilgisini ¢ekmistir. Bu ¢alismada, duvardan radyant sogutma sisteminin 1s1l konfora etkisi sayisal olarak
incelenmistir. Bu amagla yapilan ¢alismalarda radyant panellerin igerisinde bulunan sogutucu akiskan sicakligt sirasiyla 18°C,
20°C ve 22°C tanimlanarak sonuglar PMV-PPD parametrelerine gore karsilagtirtlmigtir. Tim durumlarin ASHRAE 55
standardinda belirtilen 1s1l konfor sartlarini sagladigi, en iyi 1s1l konfor degerine yakin durumun 20°C sogutucu akigkan sicakliginda
gerceklestigi goriilmiistiir.

Anahtar Kelimeler: Isil konfor, PMV-PPD, radyant sogutma, HAD.

Investigation of Coolant Temperature Effect on
Thermal Comfort in Wall Mounted Radiant Cooling
Systems

ABSTRACT

Radiant systems provide better thermal comfort conditions than traditional heating and cooling systems, as well as low energy
consumption. The performance of radiant panel systems in terms of energy and exergy have attracted the attention of the
academicians around the world. In this study, the effect of the wall mounted radiant cooling system on thermal comfort was
investigated numerically. For this purpose, the coolant temperature inside the radiant panels was defined as 18°C, 20°C and 22°C
respectively and the results were compared according to the PMV-PPD parameters. It has been found that all cases fulfilled the
thermal comfort conditions specified in ASHRAE 55 standard and the best conditions were obtained at 20°C water temperature.

Keywords: Thermal comfort, PMV-PPD, radiant cooling, CFD.

1. GIRiS (INTRODUCTION)

Isil konfor basit olarak insan ile ortam arasindaki enerji
dengesine dayanmaktadir. Insan viicudu sicak bir
ortamda bulundugu sirada 1s1 kaybetmek igin terleme
durumuna, soguk ortamda bulundugu sirada ise 1sinmak
i¢in titreme durumuna geger. Bu nedenle giinliik hayatta
1s11  konfor insanlarin yasam kalitesini oldukca
etkilemektedir. Isil konfor hesaplama metodu Fanger’in
[1] 1970 yilinda gelistirmis oldugu PMV-PPD yo6ntemine
dayanmaktadir. Radyant panel sistemleri kullanilarak
yapilan sogutma diger konvansiyonel sistemler
kullanilarak yapilan sogutmaya gore daha iyi 1s1l konfor
degerleri sunmaktadir.

Oxizidis ve Papadopoulos yaptiklar1 ¢alismada [2]; ofis
odasim temsil eden bir test hiicresi igerisinde yer alan
radyant ve 1s1 taginim sistemlerini enerji tiikketimi ve 1sil
konfor agisindan karsilastirmiglardir. Radyant yiizey-

*Sorumlu Yazar (Corresponding Author)
e-posta : merveoz@yildiz.edu.tr

lerin, ozellikle radyant zeminler, dogal havalandirilmig
binalar i¢in 1s1l konfor sartlarini gelistirmek i¢in en uygun
model oldugunu belirtmiglerdir.

Catalina vd. yaptiklar1 ¢alismada [3]; bir test odasinda
kontrollii sartlar altinda kurulan tavandan radyant so-
gutma sistemini deneysel ve hesaplamali akiskanlar dina-
migi (HAD) yontemi ile incelemislerdir. HAD
analizlerinden elde edilen hava hizi degerlerinin ayak/bi-
lek bolgesinde yerel konforsuzluk olugturdugu, fakat test
odasinin geri kalan bolgelerinde hava hizi degerlerinin
standartlara uygun oldugu goézlenmistir. Cizilen PMV da-
g1limu grafikleri 1s1l konforun saglandigini ve odanin ige-
risinde diizgiin dagildigin1 gostermistir. Bu ¢aligmada
tavandan sogutma, disiik dikey hava sicakligi gradyam
olusturarak 1s1l konforu saglamistir. Ayn1 zamanda yiik-
sek metabolizma hiz1 ve/veya giysi yalitimi degerleri igin
de 1s1l konforun saglandig1 gézlenmis, bu nedenlerle ta-
vandan sogutmanin 1s1l konfor a¢isindan avantajli oldugu
belirtilmistir.
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Lim vd. yaptiklar ¢alismada [4]; radyant zemin sogutma
sistemlerinin kontrol metotlarinin performansini ve uy-
gulanabilirligini, zemin yiizey yogusmasi ve konfor pa-
rametrelerine gore deneysel ve sayisal olarak
arastirmiglardir. Radyant sogutmali model i¢in yapilan
deneylerin sonucuna gore; zemin ylizey sicakliginin
21°C, yiizeyler arasindaki sicaklik farkinin 6°C ve dikey
sicaklik farkinin 1.9°C’nin altinda kalarak 1s11 konfor
standartlarinin/sartlarinin saglandigi gorilmiistiir.

Hodder vd. yaptiklar1 ¢alismada [5]; deplasmanli hava-
landirmanin sogutulmus tavan ile birlikte 1s1l konfora et-
kilerini  incelemiglerdir. ~ Sogutulmus tavana ve
deplasmanli havalandirmaya sahip ofis igeren test odasi
insa edilmis, tavan sicaklig1 belirli bir aralikta tutularak,
sekiz kadin denek ile deneyler gergeklestirilmistir. Dikey
radyant sicaklik asimetrisinin toplam 1s1l konfora etkiyen
en biiyiik problem oldugu gézlemlenmistir.

Imanari vd. yaptiklari ¢alismada [6]; radyant tavan panel
sistemiyle konvansiyonel hava sartlandirma sistemini 1s1l
konfor, enerji tiikketimi ve maliyet acisindan karsilastir-
mislardir. Radyant tavan panel sisteminin sogutma duru-
munda ¢ok etkili bir 1s1l ¢evre olusturdugu, deneklerden
daha iyi 1s1l konfor sagladigina dair olumlu oy aldig1 ve
enerji tasarrufu sagladigl sonucuna varilmistir.

Zhao vd. ¢alismalarinda [7]; biiyiik alanlara sahip binalar
icin radyant zemin sogutma uygulamalar1 hakkinda aras-
tirma yapmuiglardir. Havalimanlari, konferans merkezleri
ve oditoryumlar gibi biiylik alanlara sahip binalarda dig
bina zarfi camdan oldugu i¢in, i¢ 1s1l ¢cevre yiiksek giines
radyasyonundan etkilenecektir. Bu ¢alismada genis alanli
binalarda radyant sogutma performansi iizerinde durul-
mustur. Radyant sistemlerin 1s1l konforu saglamasinin
yaninda, sistem verimliligi agisindan oldukga iyi bir per-
formans sergiledigini gostermislerdir.

Hernandez vd. yaptiklar1 ¢aligmada [8]; yeni bir havalan-
dirma terminali kurarak bunu radyant zemin ile kombin-
lemislerdir. Calismalarinda hem deneysel hem de sayisal
analizler gergeklestirmislerdir. Deney ve sayisal analizler
sonucunda sayisal analizlerin deneylerle ortiistligii goriil-
miistiir. Zemindeki borular sicaklik dagilimini homojen
sekilde saglamistir. Dikey sicaklik farkinin 2.7°C oldugu
ve boylelikle 1s1l konfor sartlarinin saglandigt gozlenmis-
tir.

Bu ¢alismada, radyant panel kullanilarak yapilan so-
gutma durumunda panellere beslenen sogutucu akiskan
sicakliklarinin 1s1l konfora etkisinin incelenmesi amag-
lanmistir. Bu amagla {i¢ farkli sogutucu akiskan sicakligi
kullanilarak, iki boyutlu bir modelde analizler gercekles-
tirilmistir.

2. YONTEM (METHOD)
2.12B Model (2D Model)

Bu ¢alismada, sag ve sol duvar kesitlerinin derinlikle de-
gismedigi gbz Oniine alinarak 4 m genisliginde ve 3 m
yiiksekliginde 2 boyutlu bir oda kesiti modellenerek ana-
lizler gerceklestirilmistir. Olusturulan modelin sematik
gosterimi Sekil 1°de goriilmektedir.

Y tikseklik [H]
O 00O 00

X
—™ Genislik [G]

Py

Sekil 1. 2B oda modeli (2D room model)

Odanin yapisinda ve yalitiminda kullanilan malzemelerin

kalinliklart ile 1s1 gegis katsayilart Cizelge 1°de verilmis-

tir.

2.2HAD Modeli ve Simir Sartlar1 (CFD Model and
Boundary Conditions)

2.2.1 Matematik Model (Mathematical Model)

Bu ¢aligmada akigin 2B, kararli oldugu ve yogunluk, vis-
kozite, 1s1l iletkenlik gibi termofiziksel &zelliklerin sabit
oldugu kabul edilmistir. Boylece kartezyen koordinatlar
i¢in korunum denklemleri asagidaki gibi yazilabilir [10].
Oda igerisinde hava ile panel arasindaki 1s1 transferi do-
gal taginim ile ger¢eklesmektedir. Boussinesq yaklasimi
cok ¢esitli dogal taginim problemlerinde kullanilmakta-
dir. Bu yaklasima gére momentum denklemleri diizenle-
nerek yazilmigtir [11]:

Siireklilik denklemi
ou  ov
=0 )
ox oy
Momentum denklemleri
ou au 1op 20 o%u
U—+V—=-——+v(—5+—5) 2)
OX oy p oX OX oy
N v 19 o'v v
u—+v—=———pgﬂ(T—To)+v( —+—) (3
oXx oy p oy o'x 07y
Enerji denklemi
2 2
BN i ins @
ox oy ox~ oy

Cizelge 1. Yapi elemanlar1 ve diger malzemelerin 6zellikleri [9] (Properties of structuring and other materials)

No Malzeme Kalinhk [mm] Is1 gecis katsayis1 [W/mK]
1 Alg1 0.37

2 Pex Boru (Polietilen Capraz bagl) 0.41

3 Xps (Ekstrude polistren kdpiik) 0.035

4 Tugla 0.5

5 Siva 1
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Dogal tasimimda sinir tabaka laminer bolge ile sinirh
degildir. Dogal tasimimda gecis bolgesi kaldirma ve
viskoz kuvvetlerin degerine olduk¢a baglidir. Gegis
bolgesinin tayini Rayleigh numarasiyla belirlenir.
Rayleigh numarasi denklem 5 ile hesaplanabilir. Dikey
diizlem plakalar igin kritik Rayleigh sayis1 10° olarak
tayin edilmis, bu degerin lizerindeki degerler tiirbiilansh
akis olarak kabul gérmektedir [11].

_ 3
Ra =Gr Pr:leo9 (5)
vo

Bu ¢alismada Rayleigh sayis1 yaklasik olarak 1.6x103
olarak bulunmus, akisin tiirbiilansh oldugu anlagilmistir.
Tirbiilans modeli olarak Standart k-¢ tlirbiilans modeli
kullanilmistir. Standart k-¢ tlirbiilans modeli en ¢ok
bilinen ve ¢okc¢a kullanilan iki denklemli eddy viskozite
modelidir [12]. Bu modelin viskozitenin ve tiirbiilansh
akigin etkili oldugu duvar yakinlarinda dogru sonuglar
verdigi gozlemlenmistir [13]. Dogal tasimim igin en
uygun model oldugu deneysel olarak kanitlanmustir [14].
Bu model i¢in transport denklemleri asagida
gosterilmistir.

0 0
— (pk) +—(pku) =
ot oX

(6)
0 4, | ok
— || g+— |— |+G +G, —pc-Y,
OX o, ) OX

o 0

—(pe)+—(peu) =

ot OX

, (1)

0 A1% 1 6 £6, 4C,6,)-C,p%
- lLl+_ — + é'_ + & - ép_
X o, ) OX MR e 27k

Burada
k2

#=pCpy— (8)
&

Bu denklemlerde Gy ortalama hiz gradyanlarindan dolay1
olusan tiirbiilans kinetik enerji {iretimini, Gp kaldirma
kuvvetinden dolay1 olusan tiirblilans kinetik enerji
iretimini, Ywm sikisabilirligin tiirbiilans {izerindeki
etkisini temsil etmektedir. ok ve oe sirasiyla k ve € i¢in
Prandtl sayilaridir. Cig, Ca, Cse k-g tiirbiillans modeli
sabitleridir [12].

Is1 tiretiminin olmadig: iki boyutlu siirekli rejim ve sabit
1s1 iletim katsayisina sahip tugla ve siva icerisindeki 1s1
iletimi asagidaki denklemle belirlenir.

ZT ZT

gx—z + gy_z =0 (9)
Bu calismada 1sinimla olan 1s1 gegisi tasinimla olan 1s1
gecisine gore daha onemli oldugundan iginim etkileri
dikkate alinmistir. Bu nedenle genel geger, hemen hemen
biitin uygulamalara uyarlanabilen ve dogrulugu
kanitlanmig Discrete Ordinates (DO) 1smmim modeli
kullanilacaktir. Bu model sagilmayi, yar1 saydam ortami,

yansitict ylzeyleri ve dalga boyuna bagh gecirmeyi
hesaba katmaktadir. Discrete Ordinate radyasyon modeli,
saydam olmayan duvarlarin her iki yaninda da akigkan
veya kat1 ortam oldugu problemleri ¢dzebilmektedir. Bu
modelin avantaji hem giinesten gelen 151mimi1 hem de kati
ve opak yiizeylerdeki 1sinimi ¢6zebilmesidir [15].

Ansys-Fluent programi [16] kullanilirken, ¢oziici
ayarlarinda ¢6ziicii tipi olarak Pressure-based modeli
secilmigtir. Analizlerin tiimi siirekli hal g6z Oniine
almarak yapilmistir. Oda modelinde dogal taginim
analizleri yapilacagindan yer c¢ekimi ivmesi Yy
dogrultusunda -9.81 m/s? olarak tanimlanmistir.
Coziimlerde 1s1 gecisini hesaplanabilmesi igin enerji
modeli aktif hale getirilmistir. Panellerden 1s1 gegisi
taginim ve 1s1um ile oldugundan, 1smim ile gecen 1s1y1
hesaplayabilmek icin enerji modeline ek olarak 1sinim
modeli de aktiflestirilmistir. Isinim modeli olarak
discrete ordinates (DO) modeli kullanmilmigtir. Coziim
alan1 igerisinde akisin Rayleigh sayisinin tiirbiilansl akisi
gostermesi nedeniyle, tiirblilans modelleri igerisinden
standart k-¢ modeli kullanilmigtir. Standart k-¢ modeli
yaygin model olup, dogal tasinim ¢dziimlemesine uygun

ve ¢Oziim siliresi kisaligi  bakimindan oldukga
kullanighdir [15].
»
w=v=0 c:_T =0
CJ'
o
O
O
w=v=10 T=1 _O w=v=0
T =33C & O T =33°C
O
O
O x
w=v=_0 E—T =0

-
cy

Sekil 2. Smir Sartlar1 (Boundary conditions)

Sekil 2’de smir sartlart gosterilmistir. Oda igerisinde
bulunan havanin sicaklik degeri 24°C olarak
belirlenmistir. Dis ortam sicakhig1 olarak Istanbul igin
tasarim sicakligi olan 33°C [17] tanmimlanmistir. Dis
ortam sicakligi direkt olarak sivanin yiizeyine
tanimlanmigtir. Radyant panellerin icerisinde bulunan
sogutucu akigkan sicakligi sirastyla 18°C, 20°C ve 22°C
tanimlanarak analizler gergeklestirilmistir. Radyant
panellere tanimlanan sicakliklar boru yiizey sicakligi
olarak tanimlanmis, boru igerisindeki akigin etkileri
hesaba katilmamustir. Her biri 10 mm ¢apa sahip, 72 adet
boru kullanilmistir.

2.2.2 Coziim Alam ve Mesh Bagimsizhig
(Computational Domain and Grid Independency)

Sekil 1’de belirtilen geometri ¢oziim alanini
olusturmaktadir. Mesh bagimsizhigi i¢in 10x10% ile
510x10° araliginda mesh sayisina sahip olan 8 farkh
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analiz gerceklestirilmistir. Sekil 3’te mesh sayisina baglh
olarak Rayleigh sayisinin degisimi verilmistir. Mesh
sayisinin 130x10° oldugu durumdan sonra caligmanin
mesh sayisindan bagimsiz oldugu anlasilmis, bu
calismada mesh sayis1 135x103 olarak belirlenmistir.

1,72e+9

1,70e+9 A

1,68e+9 -

1,66e+9 -

Ra

1,64e+9 -

1,62e+9 -

1,60e+9 -

1,58e+9

T T T T T
0 10° 2x10% 3x10° 4x10° 5x10°% 6x10°
Mesh sayisi

Sekil 3. Mesh Bagimsizlig: (Grid independency)

2.3 TIsil Konfor Hesaplama Yontemi (Thermal
Comfort Calculation Methods)

Isil konfor kisaca ortamdan duyulan memnuniyet olarak
tammlanir [18]. Insandan insana degisen fizyolojik,
psikolojik ve buna benzer birgok varyasyona baglidir. Bu
calismada 1s1l konforu degerlendirmek i¢in; PMV- PPD
degerleri ve yerel 1s1l konfor kriterleri ASHRAE 55 [19]
ve ISO 7730 [18] standartlarina gore hesaplanmustir.
2.3.1 Tahmini ortalama oy (Predicted Mean Vote)
PMYV, insan viicudunun 1sil dengesini baz alarak, bir
grup insanin yedi farkli 1s1l his 6l¢egine gore belirledigi
1s1l konfor siniflandirmasidir [19]. ASHRAE 1s1l his
Olcegi Cizelge 2’de gosterilmistir.

PMV metabolizma hizi, giysi yaliimi, hava sicakligi,
ortalama radyant sicaklik, hava hizi ve bagil nem

parametrelerine bagli olarak denklem 10 ile hesaplanir
[19].

PMV =(0.303-***" +0.028)*

(M -w)

-3.05-10"-{5733-6.99-(M -W ) - p, }
-0.42-{(M -W)-58.15}

-1.7-10°-M - (5867 - p, )

-0.0014M (34-T,)

(10)

~3.96-10° f, {(T, +273)' (T, +273)'}

__ fcl : h .(Tcl _Ta)
Burada
T, =35.7-0.028-(M -W)

3.96-10° - f, .{(TCI + 273)4 —(T + 273)4} (11)
-1,

+fcl : hc .(Tcl _Ta)

0.25

2.38- < 2.38-

T,-T, T, -T[®>121 v, 12)
121, <2381, -T[* <121 v,

{1+1.29. I, <1, <0078m"-K /W

(13)
1.05+0.645-1, <1 >0.078m’-K /w}

Cizelge 2. ASHRAE 1sil his 0Olcegi (ASHRAE thermal
sensation scale) [19]

+3 Sicak

+2 Ilik

+1 Hafif Ilik
0 Notr

-1 Hafif serin
-2 Serin
-3 Soguk

2.3.2 Tahmini memnuniyetsizlik oram (Predicted
Percentage of Dissatisfied)

PMV degerlerini kullanip 1s1l olarak memnuniyetsiz

(sicak, 1lik, serin ve soguk oyu kullanmis) olan insan

sayisinin oranint  belirtmektedir [18]. PPD degeri

denklem 14 ile hesaplanir [19].

PPD =100-95-exp(-0.03353- PMV * —0.2179- PMV?) (14)

PMV ve PPD degerleri arasindaki iliski Sekil 4’de
goriilmektedir.

120

100 4

80 4

PPD
g

40

T T T T
-3 -2 -1 a 1

PMV

(=]
w

Sekil 4. PMV ile PPD arasindaki iligki (The relationship
between PMV and PPD)

2.3.3 Yerel 1s1l konforsuzluklar (Local discomforts)

PMV ve PPD biitiin viicudu baz alan 1s1l konfor
parametreleridir. Fakat 1s1l konforsuzluk bdlgesel olarak
gergeklesebilir. En yaygin yerel 1s1l konforsuzluklar hava
akisi, bas ile ayak bilegi arasinda gergeklesen normal
olmayan dikey sicaklik farklari, ¢ok yiiksek veya ¢ok
disiik zemin sicakliklar1 ve yiiksek radyant asimetri
sicakliklar1 olarak gosterilebilir [18].

464



DUVARDAN RADYANT SOGUTMA SISTEMLERINDE SOGUTUCU AKISKAN SICAKLIGIN... Politeknik Dergisi, 2019; 22 (2) : 461-468

ASHRAE 55 [19] ve ISO 7730 [18] standartlar:
Standartlarla belirlenen 1s1l konfor degerleri Cizelge 3’de
goriilmektedir.

Cizelge 3. Isil Konfor Kriteri (Thermal Comfort Criteria)

Parametre Sinirh Deger
PMV -0.5<PMV <0.5
PPD PPD <10

3. BULGULAR (RESULTS)

Sogutucu akigskan sicakliginin 18°C, 20°C ve 22°C
oldugu durumlar i¢in hiz akim ¢izgileri sirastyla Sekil 5,
Sekil 6, ve Sekil 7’de gosterilmigtir. Oda kesiti
icerisindeki hava sicak olan sol duvar boyunca
yiikselirken, soguk sag duvar boyunca algalarak saat
yoniinde hareket etmektedir. Kirmizi renkte goriinen
bolgelerde akim ¢izgilerinin birbirine yaklastigi ve hizin
artig gosterdigi goriilmektedir.

Sogutucu akigkan sicakliginin 18°C, 20°C ve 22°C
oldugu durumlar i¢in oda igerisindeki sicaklik konturlari
sirastyla Sekil 8, Sekil 9 ve Sekil 10°da gosterilmistir.
Sekil 8’de radyant panel yakininda bdlge hari¢ sicakligin
homojen dagildig1 gézlenmektedir.

Sekil 9 ve 10°da ise sol duvar yakinindaki bolgeler hari¢
oda kesiti genelinde sicaklik homojen dagilmistir.
Sogutucu akigkan sicakligi arttikga oda igerisindeki
sicaklik degeri artmustir.

Sekil 11, Sekil 12 ve Sekil 13’de boyutsuzlastirilmis
genislik ve yiikseklige gore hiz degerlerinin degisimi
grafikleri verilmistir. Burada x duvardan olan uzakligi
tanimlarken, G oda genisligini tanimlamaktadir. Radyant
panel igerisindeki sogutucu akiskan sicakliginin
artmasiyla hiz degerleri diismiistiir. Tiim grafiklerde x/G
0.25 ve 0.75 oldugu durumlara hiz degerleri benzerlik
gostermis, 0.50 oldugu durumda ise hava hareketlerinden
dolay1 farkli degerler almis, 1.5 m yiikseklikte ise hava

duraganlagmistir. Hava akis hizinin yerel
konforsuzluklar olusturmamas: igin ASHRAE 55
standardina goére maksimum 0.18 m/s olmasi

gerekmektedir [19]. Tiim durumlar i¢in hiz degerlerinin
bu standarda uygun oldugu goriilmiistiir.

Sekil 14, Sekil 15 ve Sekil 16’da boyutsuzlastirilmis
genislik ve yiikseklige gore sicaklik degerlerinin
degisimi grafikleri verilmistir. Burada x duvardan olan
uzaklig1 tanimlarken, G oda genisligini tanimlamaktadir.
Her 1ii¢ durumda sogutucu akiskan sicakliginin
artmasiyla, oda kesitinde sicakliklar artig gdstermistir.
Dikey hava sicaklik farkinin yerel konforsuzluklar
olugturmamasi i¢in ASHRAE 55 standardina gore
maksimum 3°C olmas1 gerekmektedir [19]. Tim
durumlar i¢in dikey hava sicaklik fark degerlerinin bu
standarda uygun oldugu goriilmiistiir.

! 0.060 —

0.045
‘ 0.030
0.015

0.000
[m s*-1]

) 0500 1.000 (m)

0250 0750

Sekil 5. Sogutucu akiskan sicakliginin 18°C olmasi durumunda
hiz akim c¢izgileri (Streamlines for 18°C coolant
temperature)

r 0.052 e —————

0.039
- 0.026 :
0.013

0.000
[m s™1]

Sekil 6. Sogutucu akigkan sicakliginin 20°C olmasi durumunda
hiz akim ¢izgileri (Streamlines for 20°C coolant
temperature)

! 0.045 —

0.034
I | 0.023

0.011

I 0.000

[m s™1]

0 0500 1.000 (m}
— —
0250 0750

Sekil 7. Sogutucu akiskan sicakliginin 22°C olmasi durumunda
hiz akim ¢izgileri (Streamlines for 22°C coolant
temperature)
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@]

o 0.500
0250 0.750

Sekil 8. Sogutucu akiskan sicakliginin 18°C olmasi1 durumunda
sicaklik konturlart (Temperature contours for 18°C
coolant temperature)

1000 (m}

o 080
0280 0150

Sekil 9.Sogutucu akiskan sicakligimin 20°C olmasi durumunda
sicaklik konturlart (Temperature contours for 20°C
coolant temperature)

1.000 {m)

o 0500

1.000 ()

0250 0750

Sekil 10. Sogutucu akiskan sicakliginin 22°C  olmasi
durumunda sicaklik konturlart (Temperature

contours for 22°C coolant temperature)
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0,00 0,01 0,02 0,03 0,04 0,05 0,06
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Sekil 11. Sogutucu akiskan sicakligmin 18°C olmasi
durumunda hava hizinin yiikseklige gore
degisimi (Change of air speed according to height
when the coolant temperature is 18°C)
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Sekil 12. Sogutucu akiskan sicakligimin 20°C olmasi
durumunda hava hizmin yiikseklige gore
degisimi (Change of air speed according to height
when the coolant temperature is 20°C)

3,5
XIG = 0.25
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12}
3
S 10
0,5
0,0 1
0,00 0,01 0,02 0,03 0,04 0,05 0,06

Hiz[m/s]

Sekil 13. Sogutucu akiskan sicakliginin 22°C olmasi
durumunda hava hizmin yiikseklige gore
degisimi (Change of air speed according to height
when the coolant temperature is 22°C)
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Sogutucu akigkan sicakliginin  22°C  olmasi
durumunda hava hizmmin yiikseklige gore
degisimi (Change of air speed according to height
when the coolant temperature is 22°C)

Sekil 14.
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Sogutucu akigkan sicakliginin  20°C  olmast
durumunda hava sicakliginin yiikseklige gore
degisimi (Change of air temperature according to
height when the coolant temperature is 20°C)

Sekil 15.
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16. Sogutucu akiskan sicakligmmin 22°C  olmasi
durumunda hava sicakliginin yiikseklige gore
degisimi (Change of air temperature according to
height when the coolant temperature is 22°C)

Sekil

Cizelge 4’de tim durumlar i¢cin PMV-PPD degerleri
tablo halinde verilmistir. Tiim durumlarin ASHRAE 55
standardina gore [19] genel konfor sartlarini sagladigt
goriillmiistir. PMV degerinin hesaplanmasinda % 50
bagil nem, 1.0 clo ve 1.2 met degerleri baz alinmistir. Bu
degerler ASHRAE 55 standardina gore [19] sogutma
durumlart  i¢in tasarim degerleridir. Hesaplama
yapilirken, PMV degerlerinin 1s1l konfor standardinm
saglayacagi disiiniilen {i¢ farkli sogutucu akigkan
sicakligl kullanmilmistir. Sogutucu akiskan sicakliginin
azaltilmast durumunda, PMV degerinin negatif yonde,
artirtlmas1 durumda ise PMV degerinin pozitif yonde
artis  gosterecegi  gbzlenmistir. Bu l¢  durum
incelendiginde, sogutucu akiskan sicakliginin 20°C
oldugu durumun, diger durumlara gére daha iyi bir 1s1l
konfora sahip olacagi anlagilmaktadir.

Cizelge 4. Biitiin durumlar i¢cin PMV-PPD degerleri (PMV-
PPD values for all cases)

PMV PPD
18°C -0.45 9.23
20°C -0.12 5.30
22°C 0.31 7.00

4. SONUCLAR VE TARTISMA (CONCLUSIONS
AND DISCUSSION)

Bu ¢alismada, duvardan radyant sogutma sisteminin 1sil
konfora etkisi sayisal olarak incelenmistir. Bu amacla
yapilan ¢aligmalarda radyant panellerin igerisinde
bulunan sogutucu akiskan sicakligi sirastyla 18°C, 20°C
ve 22°C tamimlanarak sonuglar PMV - PPD
parametrelerine gore karsilagtirilmigtir. Tiim durumlarin
hesaplanan PMV - PPD parametreleri 1sil konfor
sartlarini saglamistir.

Tiim durumlar igin dikey sicaklik farki ASHRAE 55
standardinda belirtilen 3°C limit degerini agmamustir.
Yine ayni standartta belirtilen limit hiz 0.18 m/s degeri
astlmamistir. Bu nedenlerle, yerel konforsuzluklar iig
durum i¢in de gézlenmemistir.

Oda kesitinde hava sirkiilasyonunun oldugu, sicak olan
sol yilizeyden yukartya ve soguk olan sag yilizeyden
asagiya dogru hareket ettigi gorilmiistiir.

fleriki calismalarda sogutmanin havalandirma ile
desteklenebilecegi ve farkli 1sil konfor ydntemleriyle
arastirmalarin yapilabilecegi 6ngoriilmektedir.

SIMGE LiSTESi (NOMENCLATURE)

o Is1 yayilma katsayis1

B Hacimsel 1s1l genlesme katsayisi

Cie k-¢ tiirbiilans modeli sabiti

Coe k-¢ tiirbiilans modeli sabiti

Cse k-¢ tiirbiilans modeli sabiti

Cu k-¢ tiirbiilans modeli dinamik viskosite sabiti
€ Tiirbiilans sontimleme hizi, yayma orant
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fu Giysili viicut ylizey faktorii

G Odanin genisligi

Gp Kaldirma kuvvetinden dolayr tiirbiilans
kinetik enerjinin tiretimi

Gk Ortalama hiz gradyanindan dolay: tiirbiilans
kinetik enerjinin tiretimi

Gy Grasshoff sayis1

g Yercekimi ivmesi

h Taginim katsayisi

loi Giysi yalitimi

k Tirbiilans kinetik enerjisi, 1s1 iletim katsayist

L Karakteristik uzunluk

M Metabolik hiz

v Dinamik viskosite

Lt Tiirbiilans dinamik viskositesi

v Kinematik viskosite

p Basing

Pa Su buhari kismi basinci

Pr Prandtl sayist

Ra Rayleigh numarast

p Yogunluk

c Stefan-Boltzmann sabiti

Ok, O¢ k-¢ i¢in prandtl sayilari

T Sicaklik

Ta Hava sicakligi

To Borunun yiizey sicakligi

Ta Giysi yiizey sicakligi

Tr Ortalama radyant sicaklik

Ts Yiizey sicakligi

To Calisma sicakligi

Tw Cevre sicakligt

u, v, w  Akiskanin ortalama hiz bilesenleri

Ui Anlik hiz

Var Bagil hava hizi

W Etkin mekanik gii¢

XY, Z Kartezyen koordinatlar

Ywm Sikisabilirligin tiirbiilans iizerindeki etkisi

KISALTMA LIiSTESi (ABBREVIATION LIST)
ASHRAE American Society of Heating Refrigerating

and Air-Conditioning Engineers

CFD Computational Fluid Dynamics

DO Discrete Ordinates

HAD Hesaplamali Akiskanlar Dinamigi

ISO International Standarts Organization

PMV Predicted Mean Vote (Tahmini Ortalama Oy)
PPD Predicted Percentage of Dissatisfied (Tahmini

Memnuniyetsizlik Orani)
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0z

Yiiksek elektronik kaliteleri ve optimize edilmis eklem yapilar1 nedeniyle SiNx kapli cam alttas iizerindeki polikristal silisyum
(poly-Si) ince filmler, hacimsel silisyum bazli giines hiicrelerine karsi umut vaat edici alternatif yaklagimlardir. Bu ¢aligmada, poly-
Si filmler kat1 faz kristalizasyonu (SPC) teknigi ile iretilmislerdir. Filmler, klasik tiip firinda 600°C’de 8-26 saat araliginda
kristallestirilmislerdir. SiNx kapli cam alttas tizerindeki poly-Si ince filmlerin yapisal ve optiksel 6zellikleri aragtirilmistir. Poly-Si
ince filmlerin yonelimi ve kristalit biiylikliigli X-1s1n1 kirinimi (XRD) kullanilarak incelenirken filmlerin kristallenme derecesi
mikro Raman spektroskopisi ile galisilmustir. Kristalizasyon siiresinin filmin kalitesi tizerine 6nemli etkileri oldugu bulunmustur.
Deneyler sonucunda, tavlama siiresi 8 saatten 26 saate arttirildiginda kristallenme derecesinin %10°dan %95’e arttigin
gostermigtir. 600°C’de kristallenen SPC poly-Si filmlerin tercihli yonelimi tiim tavlama zamanlari i¢in <111>"dir. Diger yandan,
artan tavlama siiresi kristalit boyutunu 29,6nm’den 36,3nm’e bitylitmiistiir. Bu analizlere ek olarak, bu ¢aligmada, e-demeti sistemi
ile biiyiitiilen a-Si’un iiretim esnasinda kullanilan potanin SPC poly-Si filmin kristal kalitesi iizerine etkileri de aragtirtlmistir.
Sonuglar gostermistir ki e-demeti sisteminde kullanilan potanin malzemesinin grafit yerine molibden (Mo) olmasi gerektigi ve SPC
teknigini ile olusturulan poly-Si filmlerin kalitesi iizerine 6nemli etkisi oldugu goriilmiistiir.

Anahtar Kelimeler: ince film, polikristal silisyum, kat:1 faz kristalizasyon, iiretim parametreleri.

The Effects of Different Fabrication Parameters on the
Quality of Polycrystalline Silicon Thin Films Formed
by Solid Phase Crystallization (SPC) Technique

ABSTRACT

Polycrystalline silicon (poly-Si) thin films on SiNx-coated glass substrates are the promising alternative approach to bulk silicon
based solar cells thanks to those of the high electronic qualities and optimized junction structures. In this work, the poly-Si films
have been fabricated by Solid Phase Crystallization (SPC) technique. The films were crystallized in a classical tube furnace at
600°C for 8-26 hours. The structural and optical properties of poly-Si thin films on SiNx-coated glass substrates were investigated.
The degree of crystallinity of films were studied by micro-Raman Spectroscopy while the orientation and the crystallite size of
poly-Si thin films were studied using X-Ray Diffraction (XRD). It is found that crystallization duration has a great effect on the
quality of the film. The results of experiments show that the degree of crystallinity increases from 10% to 95% by increasing the
annealing duration from 8 hours to 26 hours. The preferential orientation of SPC poly-Si films crystallized at 600°C is <111> for
all annealing times. On the other hand, enhanced annealing duration scales grain size up from 29.6nm to 36.3nm. In addition to
these analyses, in this work, the effects of crucible on the crystal quality of SPC poly-Si films are also investigated. The results
show that the material of crucible used in e-beam system should be molybdenum (Mo) instead of graphite and has the significant
effects on the quality of poly-Si films formed by SPC technique.

Keywords: Thin film, polycrystalline silicon, solid phase crystallization, fabrication parameters.

1. GIRIS (INTRODUCTION) c-Si, a-Si, CdTe, CIS, CIGS, 11-VI veya l11-V bilesenleri
gibi oldukca genis araliktaki yariiletken malzemelerdir
[1]. Tek kristalli silisyum (c-Si) hiicreleri yiiksek verim-
lilige sahiptirler. Fakat, c-Si pul (wafer) iiretiminin

*Sorumlu Yazar (Corresponding Author) oldukga yiiksek iiretim maliyeti vardir. Yiiksek safliktaki
e-posta : ozgetuzun@duzce.edu.tr

Gtines hiicreleri geleneksel gii¢ kaynaklarina en etkili al-
ternatif enerji kaynagidir. Cogu giines hiicresinin yapisi
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c-Si tiketimini azaltmak yoluyla, maliyet Onemli
derecede  azaltilabilir.  Kristal silisyum  giines
hiicrelerinde kullanilan pul kalinliklar1 genellikle 200-
220um civarindadir. Si pullarin ana fonksiyonlarindan
birisi mekanik destek saglamalaridir. Bu pullar
kiilgelerden kesilmektedir. Kesme islemi sirasinda
onemli miktarda Si malzemesi kaybolur. Bu da maliyet
iizerinde 6nemli bir baski olusturur. Optik sogurma, Si
pulun istteki 30pum’lik kisminda gergeklesir [1]. Bu
nedenle, yiiksek verimi riske atmadan silisyum
kalinligin1 azaltma imkani mevcuttur. Hiicrelerdeki
kristal silisyum miktarin1 azaltmak i¢in birka¢ yaklasim
dikkate alinmustir: (i) daha ince pul kesme ve bunlari
kirmadan hiicre tiretme igleminde kullanilmasi, ya da (ii)
kristal yapiya sahip ince film giines hiicreleri tiretilmesi
yaklagimlaridir. Malzeme tiiketimini azaltmak ig¢in
kesme igleminin optimize edilmesi, kesme islemi
sirasinda olugan ve pul kalinligi azaligina paralellik
gostermeyen kayiplar tarafindan sinirlanmigtir. Hem
diistik maliyetli olmas1 hem yiiksek verimli ve kaliteli
olmas1 hem de genis uygulama alanlarinda uygulanabilir
olmasi silisyum ince film giines hiicrelerinin tek kristalli
giines hiicrelerine umut verici bir alternatif olmasini
saglamistir. Bununla birlikte, silisyum ince film
malzemeler igerisinde 0,1 ve 100pm tanecik
biyiikliigiine sahip polikristal silisyum (poly-Si) ince
filmler en avantajl yapilardir [2,3]. Poly-Si ince filmler,
amorf silisyum (a-Si) ince filmlere gére 10 ile 100 kat
aras1 daha fazla tasiyici mobilitesine sahiptirler [4].
Yabanci alttag iizerine iretilen poly-Si filmler diisiik
malzeme maliyeti, yiksek verimlilik ve kristal
silisyumun kararliligi avantajlarim birlestirir [5,6,7].
Bununla birlikte, poly-Si filmlerin, elektriksel engel olan
ve yik tasiyicilart i¢in rekombinasyon merkezleri olan
tanecik sinirlart (grain boundary) vardir. Bu nedenle,
dontigiim verimliligi tanecik biiylikligiint arttirarak
makul degerlere ulasabilir [8]. Bundan baska, tanecik
sinir  rekombinasyonlarinin  etkisini  diistirmek igin
tanecik biiytiklikleri film kalinligindan daha biiyiik
olmalidir [9]. Optimum poly-Si ince film malzemelerin
kalinlig1 1-4pm arasinda olduguna gore iyi bir poly-Si
filmin ortalama tanecik biylkligi >2pm olmalidir
[10,11].

Poly-Si ince film malzemelerin {iretimi igin farkh
kristalizasyon teknikleri kullanilabilir [5,7]: Bolgesel
eritme kristalizasyonu (zone melting crystallization -
ZMCQC), lazer indiiklemeli kristalizasyon (laser induced
crystallization — LIC), kat1 faz kristalizasyonu (solid
phase crystallization - SPC) ve metal indiiklemeli
kristalizasyon (metal induced crystallization — MIC)
bunlarin baslicalaridir.

SPC teknigi bugiine kadar en yaygin kullanilan poly-Si
film tiretme yontemidir [5,12]. Burada, a-Si film PECVD
(Plasma Enhanced Chemical Vapor Deposition),
piiskiirtme veya buharlastirma sistemleri kullanilarak
yabanci alttag {izerine dogrudan kaplanir ve elde edilen
film 1s1sal tavlama islemi ile poly-Si film'e doniistiiriiliir.
Amorf halindeki yapi, sicaklik sayesinde elde edilen
yeterli enerji ile faz degistirmeye baslar ve daha kararli

olan kristal yapisina dogru geger. Yani, kararsiz haldeki
baglar kirtlip daha kararli halde atomlarmn yeniden
diizenlenmesi sonucunda kristal yap1 olusturulur. Sabit
sicaklikta tavlanan amorf faz belirli bir siire sonra
icerisinde rastgele ¢ekirdeklenmeler olusturur. Bu ilk
¢ekirdeklenmenin baslamasina kadar gecen siireye
kulugka siiresi denir. Sicaklik ne kadar diisiikse bu stireg
o kadar uzun olur. Zaman ilerledik¢e ¢ekirdek
cevresindeki baska atomlarin ¢ekirdege dogru
difiizyonuyla ¢ekirdek boyutlari biiylimeye baslar. Sonug
olarak  kristal halindeki ¢ekirdekler birbirlerine
dokununcaya kadar biiyiimeye devam ederler ve
tanecikleri olustururlar. Sicaklik ne kadar yiiksek ise
baslayacak c¢ekirdeklenme sayisi o kadar fazla olur ve
bunun sonucunda ortalama tanecik boyutu azalir [13]. A-
Si'un  kristallenme iglemi 550-700°C araliginda
yapilmakta olup kristallenme siiresi sicakliga bagl olarak
24 ile 48 saat arasinda degismektedir [5,14]. Genel olarak
kullanilan standart sicaklik ise 600°C’dir [5]. Sicaklik
yiikseldik¢e kristallenme siiresi azalir. Bunun yaninda
yiiksek sicaklik rastgele olusan ¢ekirdek sayilarim
arttiracag icin tanecik boyutlar1 kiigiiliir ve ortalama
tanecik boyutu 1-3pm civarinda olur. Sonug olarak her
biri kendi igerisinde kristal olan farkli taneciklerin
olusturdugu poly-Si film elde edilmis olur. Kiiciik
tanecikli olusu, tanecik sinir yogunlugunu arttiracak yani
filmdeki kusurlar1 ve rekombinasyon sayisini arttiracak
yani iretilen filmin kalitesini diisiirecektir. Ancak bu
durum iyi optimize edilmis bir hidrojenasyon iglemi ile
¢oziilebilir. 2000’1li yillarda SPC iizerine olduk¢a ¢ok
sayida arastirma yapilmig ve liretilmis giines hiicrelerinde
%8-9 civarlarinda verim elde edilmistir [15]. Son yillarda
SPC teknigi kullanilarak cam alttas iizerine iiretilen poly-
Si ince film giines hiicresinin verimliligi %10,4 degerine
ulagmustir [16].

Bu ¢alismada, ilk olarak SPC teknigi ile poly-Si ince
filmin tiretiminde standart kristalizasyon sicakligt olan
600°C’de 8-26 saat araligindaki farkli kirstalizasyon
tavlama siirelerinde iiretilen malzemelerin yapisal analizi
yaptlmistir.  Yapilan analizler sonucunda, SPC
yonteminde a-Si’un 600°C’deki optimum kristalizasyon
tavlama siiresi belirlenmistir. Tkinci olarak, a-Si’un SPC
teknigi ile kristalizasyonunda a-Si’un {iretimi esnasinda
kullanilan potanin malzemesinin (grafit veya molibden
(Mo)) a-Si’un  kristallenmesi  lizerine  etkileri
incelenmistir. Elde edilen sonuglar dogrultusunda a-
Si’un tiretim kosullar1 optimize edilerek en iyi kalitede a-
Si’un iiretimi amaglanmaktadir.

2. MATERYAL VE METOD (MATERIAL and
METHOD)

Bu ¢alismada, 1s1ya borosilikat camdan daha dayanikli ve
850°C'ye kadar dayanabilen yeni tip camlar yani 1,1mm
kalinhiginda SCHOTT AF32 ECO camlar alttag olarak
kullanilmugtir. Cam alttas tizerine SPC teknigi kullanarak
poly-Si ince film liretiminde cam ile silisyum film arasina
Vaksis Ltd. marka PECVD sisteminde silan (SiH4) ve
amonyak (NH3) gazlar1 kullanilarak SiNy ara (bariyer)
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tabaka kaplanmustir. SiNy Kapli camin iizerine elektron
demeti (e-beam) buharlagtirma yontemi kullanilarak bii-
yiitme hiz1 10A/s olarak yaklasik 1pum kalinliga sahip a-
Si iiretilmistir. Ilk olarak, SiNy iizerine e-demeti
yontemiyle a-Si filmler kaplanarak tiretilmis 6rnekler tiip
firmda (PROTHERM Ltd.) 600°C’de 8 saatten 26 saate
kadar degisik siirelerde 1sisal iglemle tavlanmigtir. Diger
yandan, bu c¢alisma kapsaminda, a-Si’un biyiitiilmesi
esnasinda Mo pota ve grafit pota kullanilmas1 durumunda
SPC filmin kristallenmesi iizerine etkileri arastirilmistir.

Uretilen 6rneklerin amorf, kristal ve gegis fazlar1 Horiba
800 JobinYvon marka Raman spektroskopisi ve Rigaku
MiniFlex marka X-isin1 kirmimi (XRD) deneyleriyle
ayrintih  bir  sekilde incelenmistir. Olgiimlerden,
kristallenme miktar1, gerilim miktari, kristalit yonelimi
ve kristalit boyutu analizleri yapilmustir.

3. SONUCLAR VE TARTISMA (RESULTS and
DISCUSSION)

3.1.600°C Tavlama Sicakhginda Farkli Tavlama
Siireleri Kullanilarak SPC Poly-Si Filmin Uretimi
(Fabrication of SPC poly-Si films by using various
annealing durations at annealing temperature of
600°C)
Calismanin bu kisimda, elektron demeti (e-beam)
buharlastirma yontemi ile SiNy kapli camlar iizerinde
retilen a-Si ince filmlerin herhangi bir (metal, lazer,
gibi) indiikleyici etki olmadan kristallenmesi yontemi
olan Kat1 Faz Kristalizasyonu (SPC) calismasi
incelenmistir. Daha ¢ok standart kristalizasyon sicakligi
olan 600°C’deki degisik siirelerde ortaya ¢ikan yapi ile
ilgilenilmistir. Ciinkii sicakligi  600°C’nin {izerine
¢ikarirsak 1sil tavlama sirasinda gekirdeklenme orani
artacak boylece iretilen poly-Si filmlerin tanecik boyutu
kiigiilecektir. 600°C’nin altindaki sicakliklara inersek
kristallenme i¢in gereken 1s1l tavlamanin siiresi ¢ok uzun
olacaktir (48 saat <t ). Genel olarak 600°C sicaklikta a-
Si kristalizasyonu 24-36 saat araliginda yapilmaktadir
[17].
Malzeme amorf fazdan kristal hale gegerken tanecikli
kristal yapis1 olugsmaktadir, dolayisi ile bu tanecikler ne
kadar biiyiik olursa o kadar az tanecik sinirlari olacak,
tagtyict rekombinasyonlar1 azalacak (¢linkii tanecik
sinirlar1  rekombinasyon merkezleridir) ve malzeme
icerisinde elektron hol gibi tasiyicilarin  hareketi,
mobilitesi daha kolay olacaktir. Tastyict mobilitesinin
fazla olmasi giines hiicrelerinin verimliligini arttiracak
onemli bir faktordiir. Degisik sicakliklarda iiretilen
polikristal silisyum filmlerde tanecik boyutlar1 da degisik
olmaktadir. Ozellikle 600°C {izerindeki sicakliklarda
kristalizasyon siiresi ciddi derecede azalirken tanecik
boyutlar1 da 6nemli 6lglide kiiglilmektedir [18]. Ciinkii
yiiksek kristalizasyon sicakliklarinda, c¢ekirdeklenme
orani artacagi i¢in kisa siirede ¢ok fazla ¢ekirdeklenme
olacak, bunun sonucunda da tanecik boyutu azalacaktir.
Bu ise gilines hiicreleri a¢isindan istenmeyen bir
durumdur. Bunun i¢in bu ¢alismada SPC kristalizasyonu

icin 600°C sicaklik kullanilacak olup ilk olarak tavlama
stiresi optimize edilmistir.

Bu nedenle, SiNy kaplanmig cam alttagin iizerine yaklagik
Ipm kalmliginda a-Si  biyltilmistir. SiNyx kaplh
camlarin {lizerine biiyiitiilen a-Si’un kristallenmesi i¢in
ornekler tiip firinda, azot gaz1 akiginda, 600°C’de 20 ve
26 saat 151l isleme maruz birakildi. Tavlama sonunda elde
edilen silisyum filmler i¢in Raman analizi sonuglar1 Sekil
1’de verilmistir.

300
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250 ——26h

200 -

150 4
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100

50 4

O T T T T T T T
400 425 450 475 500 525 550 575 600
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Sekil 1. 600°C’de 20 ve 26 saat tavlanan SPC o6rnekleri igin

Raman 6l¢timii sonuglari. (Results of Raman measurements for
SPC samples annealed for 20 and 26h at 600°C)

Sekil 1°de agikga goriildiigii tizere 600°C’deki 20 ve 26
saatlik 1s1l tavlamalar sonucunda olusan filmlerin Raman
grafikleri hem Raman siddeti hem de Raman pik
pozisyonu agisindan tamamen ayni sonuglari vermistir.
Bu sonuglar gosteriyor ki 600°C’deki kristallenmede
tavlama siiresi kisaltilsa da ornekler oldukga iyi
kristalenmiglerdir. Ciinkii Raman piki dar ve simetrik
sekillidir. Aym1 zamanda pik pozisyonu sc-Si'ninkine
oldukga yakindir.

Sekil 1°deki Raman analizi sonucu géz 6niine alindiginda
600°C’de 20 saatte oldukga yiiksek kristallenme elde
edilmistir. Burada amag¢ poly-Si filmin kalitesini
diistirmeden  kristalizasyon  siiresini  kisaltmaktir.
600°C’de 20 saatlik tavlama sonucunda elde edilen
yiiksek kristallenme dolayisiyla siirenin biraz daha
kisaltilmasi durumunda yine yiiksek kristalenme elde
edilip  edilmeyeceginin  arastirilmast  amaciyla
600°C’deki tavlama siiresi 17, 15 ve 8 saat olarak a-Si’un
kristallenmesi deneyleri yapilmistir. Burada 8 saat gibi
olduk¢a kisa tavlamanin denenmesinin amaci Raman
Ol¢iimlerine gore hangi sirelerde kristalizasyonun
bagladigimi anlayabilmektir. 600°C’de bu tavlama
stireleri  kullanilarak iretilen SPC filmlerin Raman
analizleri Sekil 2°de verilmektedir.

Sekil 2°de verilen Raman analiz sonuglarinda gorildigi
lizere 600°C’de 8 saat tavlamaya maruz kalan filmin
Raman analizi sonucu diginda diger tiim filmlerin Raman
analizi sonuglar1 gerek pik pozisyonu gerekse pik
genisligi dikkate alindiginda tamamen ayni ¢ikmuistir.
Sadece 8 saat tavlanan 6rnegin Raman analizi sonucunda
480cm™’de genis bir pik pozisyonu verdigi ve bununla
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birlikte 520cm™ civarinda oldukga kiigiik de olsa bir pik
verdigi gdzlenmistir. Bu sonu¢ onun az da olsa kristallen-
meye bagladigini gostermektedir. Bu 6rnekler i¢in elde
edilen Raman 6l¢iimii sonuglari detayli olarak tavlanan
ornek haricinde diger tim Raman OSlgiimleri hem pik
pozisyonu hem pik yiiksekligi hem de pik genisligi
bakimindan ayn1 sonuglari vermistir. Dolayisi ile Raman
analizi sonuglarina gore 8§ saat tavlama disindaki tiim
orneklerin FWHM degerleri ve gerilim degerleri ayni
olacaktir. Buna gdre, 15-26 saat arasi tavlanmisg
orneklerin Raman pikleri dikkate alindiginda bu 6rnekler
icin  FWHM degeri 7.530 olarak hesaplanmistir.

300 -
——20h
———26h
250 - 8h
_ ——15h
3 200{ ——17h
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S 150
o
(7]
100
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Sekil 2. 600°C’de 8, 15, 17, 20 ve 26 saat tavlanan SPC
ornekleri i¢in Raman analizi sonuglari. (Results of
Raman measurements for SPC samples annealed for
8, 15, 17, 20 and 26h at 600°C)

SPC poly-Si filmler i¢in elde edilen bu FWHM degeri c-
Si ile karsilastirdigimizda, SPC poly-Si filmlerin ¢ok
daha yiksek FWHM degerlerine sahip olduklar
gozlenmektedir. Bu durum, SPC poly-Si filmlerin
tamamen kristallenmedigini gostermektedir. Yani bir
miktar a-Si’un SPC poly-Si filmlerde bulundugunu isaret
etmektedir. Ancak FWHM degeri kendi basina bu analizi
detaylandiramaz. Daha ayrintili bir kristalizasyon analizi
icin Peak Fit programi kullanilarak kristallenme orani
hesaplanabilir. Bunun i¢in Raman piki ii¢ bolgeye
ayriliyor: amorf piki (480cm™ civarinda), gegis piki
(510cm?* civarinda) ve kristal piki (520cm™ civarinda).
Bu piklerin siddetleri kullanilarak XRC kristallenme
orani su sekilde hesaplanabilir [19]:
I+I3

Xpe = X %100 1)

T L+t

Burada 1, 12 ve I3 degerleri sirasiyla amorf, gecis ve
kristal piklerinin Raman piki siddetlerini ifade
etmektedir.

Es. (1) kullanilarak yapilan hesaba gore 600°C’de 15-26
saat aras1 tavlanarak kristalizasyonu saglanan SPC poly-
Si filmlerin %95 oraninda kristallendigi bulunmustur.
Diger yandan 8 saat tavlanan filmin sadece %10 oraninda
kristallendigi, halen daha ¢ok biiyiik bir kisminin (%90)
a-Si oldugu hesaplanmistir. Bu ¢alismada, SPC teknigi
kullanilarak poly-Si film {iretiminde literatiirdeki
calismaya [20] gore daha diigiik bir sicaklik olan
600°C’de 15-26 saat arasi tavlanan Ornekler igin %95

kristallenme miktar1 elde edilmistir. Bu sonug, SPC ile
iretilen poly-Si filmler i¢in oldukc¢a yiiksek bir
kristallenme miktaridir.

Polikristal ~silisyum malzemeler igin kristallenme
miktarmin yaninda diger bir 6nemli parametre de kristal
yonelimleridir.  Polisilisyuam  farklt  biiyiikliiklerde
tanecikler icerir ve her bir tanecik farklt yonelime
sahiptir. Bu nedenle poly-Si yapida tekbir yonelim degil,
pek ¢ok yonelimden bahsedilir. Ancak kristalin yapisina
gore tercih edilen yonelim miktar1 ve herbir yonelimin
birbirine gore orani degismektedir. SPC teknigi ile
600°C’de 8-26 saat 1sil tavlama sonucunda iiretilen
filmlerin kristal yonelimleri ile ilgili ¢aligmalar X-Isini
Kirmimi (XRD) dlgtimleri ile yapilmistir. SiNy kapli cam
alttagin tizerine biytilen a-Si film 600°C'deki farkli
sicakliklarda tavlanmigtir ve elde edilen poly-Si filmlerin
XRD olgiimleri Sekil 3'de verilmistir.
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<111>
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450

Siddet (a.u.)

3004 LS

20 ()

Sekil 3. 600°C'de 8-26 saat arasindaki siirelerde tavlanan
filmlerin zamanin fonksiyonu olarak XRD analizi
sonuglari. (The results of XRD analysis as a function
of annealing time for films annealed at 600°C for 8-
26h)

Sekil 3'de goriildiigi lizere tim filmler (8 saat tavlama
harig) belirli 20 degerlerinde keskin pikler vermistir. Bu
durum bu sartlar altinda biyiitilen tim filmlerin
polikristal yapida oldugunu gostermektedir. 28 piklerinin
hangi yonelimlere ait oldugu sekil {izerinde
gosterilmistir. 8 saat tavlama sonucunda herhangi bir
XRD piki goriilmemistir. Bu durum 8 saat tavlama ile a-
Si’un kristallenmesinin ihmal edilecek kadar az oldugunu
Raman analizinin yaninda XRD analizi ile de
dogrulamaktadir. Sekil 3’de ifade edildigi gibi
600°C’deki tavlama siiresine bagli olmaksizin tim SPC
ornekler i¢in ¢ogunluk kristal yonelimi <111>'dir. Bu
durum SPC teknigi ile iretilen numuneler igin tercih
edilen kristal yonelimidir. Yani elde ettigimiz bu
sonuglar literatiir ile uyumludur [2,21]. <111> ¢ogunluk
yonelimine ek olarak tavlama siiresinden bagimsiz olarak
tim filmler igin <220> ve <311> ydnelimleri de
filmlerde bulunmaktadir. Bununla birlikte, 15-26 saat
arasi tavlanan tiim orneklerin pik alan dagilimi grafik
olarak Sekil 4’de gosterilmistir. Sekilden goriilecegi gibi
tim tavlama siireleri i¢in ¢ogunluk kristalit yonelimi
<111> olarak bulunmustur.
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XRD o6l¢iimlerine daha detayli bakilirsa Raman analizi
sonuglari ayni olan numuneler farkli XRD profillerine sa-
hip olabilirler. Bunun iizerinde daha ayrintili ¢aligmak
icin 600°C'de 20 ve 26 saat tavlanan Orneklerin XRD
analizleri ¢alistlmistir. Sekil 5'de bu o6rneklerin XRD
analiz sonuglar1 gdsterilmistir.
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Sekil 4. SPC 6rneklerinin kristal yonelim dagilimlart. (Crystal
orientation distributions of SPC samples)
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Sekil 5. 600°C'de 20 ve 26 saat tavlanan filmlerin XRD analizi

sonuglari. (The results of XRD analysis for films
annealed at 600°C for 20 and 26h)

Sekil 2 dikkate alindiginda 600°C’de 20 ve 26 saat
tavlanan SPC Orneklerinin Raman 6lgiimleri tamamen
ayni sonucu vermekteyken bu iki 6rnegin XRD olgtimleri
incelendiginde 26 saatlik 6rnegin XRD sinyallerinin
siddetlerinin 20 saatlik 6rnege kiyasla daha fazla oldugu
goziikmektedir. Bu sonug, 26 saat tavlanan filmin
kristallenmesinin 20  saat  tavlanan  filmin
kristallenmesinden daha fazla oldugunu gostermektedir.

Bu sonug dikkate alindiginda, 6rneklerin XRD pikleri
arasindaki siddet ve genislik farklilig1 6rneklerde farkli
ozelliklere neden olacaktir. Bu nedenle, Sekil 3°’de XRD
pikleri verilen 15-26 saat arasinda tavlanan (8 saat
tavlamada XRD piki gbzlenmiyor) 6rneklerin yapilarinin
daha iyi anlasilabilmesi igin XRD pikleri daha ayrimntili
analiz edilmigtir. 15-26 saat arasi tavlanan SPC
orneklerin Raman Olglimleri sonucunda ayni siddette
sinyaller elde edilmesine ragmen ayni orneklerin Sekil
3’de goriildiigii iizere XRD sinyallerinin siddetinde ve

FWHM genigliginde farkliliklar vardir. Bu durum, SPC
orneklerin farkli kristalit biiyiikliigiine sahip olacaklarini
ifade etmektedir. XRD analizi sonuglart ve Scherrer

esitligi  kullanilarak poly-Si filmler igin kristalit
boyutlarini belirlemek miimkiindiir [22];

0.91
b= Bcos6 (2)
Burada, D kristalit biyikligl, A dalga boyunu

(1.54059A), B piklerin FWHM degerini, 0 ise kirmim
acisin1 temsil etmektedir. Es. (2) kullanilarak her bir
XRD pikinin FWHM degerlerinden kristalit bityiikliikleri
hesaplanmis olup SPC poly-Si filmlerin tavlama
stirelerine bagli olarak hesaplanan bu degerler Tablo 1°de
verilmistir. En gii¢lii XRD sinyali <111> ydneliminden
geldigi icin kristalit biylklikleri bu pike gore
hesaplanmustir.

Cizelge 1. 600°C’de farkli tavlama siireleri kullanilarak iiretilen
SPC poly-Si orneklerin  kristalit  biiyiiklikleri.
(Crystallite sizes of SPC poly-Si samples annealed at
600°C for various annealing durations)

Tavlama siiresi Kristalit biiyiikliigii
(saat) (nm)
15 29,6
17 33,1
20 33,8
26 36,3

Cizelge 1’de verildigi gibi SPC teknigi kullanilarak
tiretilen poly-Si filmler 29,6-36,3nm arasi1 kristalit
biiyiikliigiine sahiptirler. Burada 26 saat tavlamanin
sonucunda elde edilen poly-Si filmin kristalit biiytikliga
36,3nm biiyiikliigiine ¢ikmistir. Bunun sebebi artan
tavlama siiresi ile silisyum film igerisinde silisyum
atomlarinin yeniden diizenlenmesi (reorder) ve buna
baglt olarak kristalit biiyiikligiinde artis saglanmasi
olabilir. Ayrica, Tablo 1°den elde edilecek diger bir
onemli sonug ise SPC teknigi kullanilarak 600°C’de elde
edilen poly-Si ince film malzemelerin kristalit
biiyiiklikleri, diger bir ifade ile film kalitesi artan
tavlama siiresi ile artmaktadir. Kristalit bilylikliigiiniin
artmasi, kristalitleri ayiran smirlarin rekombinasyon
merkezleri olmast dolayisiyla rekombinasyon miktarimi
azaltacaktir. Bdylece firetilecek poly-Si film giines
hiicrelerinden elde edilecek akim miktar artacaktir.

3.2. E-demeti Sisteminde Kullamlan Potanin a-Si’un
Kristalizasyonu Uzerine Etkisi (The effect of
crucible used in e-beam system on the crystallization
of a-Si)

A-Si’un SPC teknigi ile kristalizasyonunda katkili a-

Si’un iiretim kosullarinin a-Si’un kristallenmesi {izerine

etkileri bu kisimda incelenmistir. Elde edilen sonuglar

dogrultusunda katkil1 a-Si’un tiretim kosullar1 optimize
edilerek en iyi kalitede a-Si’un tiretimi amaglanmaktadir.

Caligmanin bu kisminda, e-demeti sisteminde a-Si

biiyiitmede kullanilan potanin a-Si’un kristalizasyonu

iizerine etkisi incelenmistir. Bu amagla Mo ve grafit pota
kullanilmis ve farkli potalarin kristal silisyum film {ize-
rine etkileri arastirilmistir. Mo ve grafit pota kullanilarak
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iiretilen a-Si filmler kristallenme amaciyla 600°C'de 26
saat boyunca tiip firinda tavlanmstir. Sekil 5 ve Tablo
1’deki  sonuglar ele alindiginda a-Si  filmin
kristallenmesinin en yiiksek oldugu ve en iyi film
kalitesini veren 600°C’de 26 saat 1s1l tavlama oldugu igin
e-demeti sisteminde kullanilan potanin  a-Si’un
kristalizasyonu iizerine etkisi 600°C'de 26 saat tavlanan
ornekler i¢in incelenmistir. Tavlama islemi sonucundaki
iiretilen filmlerin e-demeti sisteminde kullanilan potanin
malzemesine bagli olarak elde Raman 6l¢iimii sonuglari
Sekil 6°’da verilmektedir.

240 Molibden pota kullanilan igin
Grafit pota kullanilan igin
160
El
&
o
i
b=l
(%3
80
0 T T T T T
350 400 450 500 550 600 650

Dalga Sayisi (cm")

Sekil 6. Karbon (grafit) ve molibden (Mo) potanin kullanilmasi
ile elde edilen filmlerin 600°C’de 26 saat 1sil
tavlamadan sonra Raman Ol¢limii sonuglari. (The
Raman measurement results after annealing at 600°C
for 24h for films formed by using carbon (graphit) and
molibdenium (Mo) crucible)

Sekil 6'da verilen Raman analizi sonuglar1 dikkate
alindiginda e-demeti sistemi ile a-Si iiretimi esnasinda
kullanilan potanin, SPC teknigi ile a-Si'un kristallenmesi
lizerine biiyiik etkileri oldugu gozlenmistir. Sekilden
gorildiigic  gibi  molibden potanin  kullanilmasi
durumunda silisyum ince filmin, ¢-Si’un Raman pikine
¢ok yakin vererek hemen hemen tamamen kristallendigi
gozlenmistir. Diger yandan, grafit pota kullanilarak
iretilen ince filmin pota digindaki tim SPC
kristalizasyon parametreleri ayni olmasina ragmen
herhangi bir kristalizasyon olmadig1 (480cm™’de genis
bir Raman piki olmasindan anlasilmistir) gézlenmistir.
Bu durumun, 1sil tavlama esnasinda grafitten, pota
icerisinde buharlastirilacak silisyuma karbon kirliligi
bulagsmasi dolayisiyla kaplanan a-Si'un saf silisyum
olmamast kaynakli olabilecegi distliniilmiistiir. Bu
varsayimi daha ayrintili olarak incelemek amaciyla e-
demeti sisteminde {iretilen a-Si filme herhangi bir 1sil
islem uygulanmaksizin Ugus Zamanlhi-ikincil Iyon
Kiitlesi ~ Spektroskopisi  (ToF-SIMS) ve  X-ray
Fotoelektron Spektroskopisi (XPS) teknigiyle elemental
analizine bakilmigtir. Grafit pota kullanilarak iiretilen
filmlerin ToF-SIMS ve XPS analizlerinin sonuglar1 Sekil
7'de verilmektedir. Bu analizlerde incelenen filmler, a-
Si’a herhangi bir 1s1l islem uygulamadan (tavlamasiz) ve

iiretilen a-Si’a 600°C’de 26 saat 1s1l islem uygulayarak
iiretilmislerdir. Boylece, kristallenme 1s1l islemi sirasinda
potadan gelebilecek kirliliklerin daha detayli analizleri
yapilmis olacaktir.
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Sekil 7. E-demeti sisteminde grafit pota kullanilarak tiretilen a-
Sii¢in (a) XPS ve (b) ToF-SIMS teknikleri kullanilarak
elde edilen karbon (C) profilleri. (Carbon (C) profiles
deduced from (a) XPS and (b) Tof-SIMS techniques for
a-Si films fabricated by using graphite crucible in e-
beam system)

Sekil 7‘de wverilen XPS ve ToF-SIMS sonuglar
incelendiginde hem kristallenme tavlama islemi
uygulanmadan hem de 600°C’de 26 saat SPC

kristallenme tavlamasi uygulanarak elde edilen Si ince
filmlerin igerisinde yiiksek miktarda C kirliligi
bulundugu goriilmektedir. E-demeti sisteminde yapilan
kaplama sonrasinda herhangi bir dig ortam (ex-situ) 1sil
islemi uygulanmadan elde edilen karbon analizi
sonuglari, grafit potadan ciddi miktarda karbon
miktarinin potada bulunan silisyuma gectigi ve
buharlastirma esnasinda da bu karbon kirliligi bulunan
silisyumun cam alttasa kaplandig1 gortilmektedir.

Hem grafit ve molibden pota kullanilarak kaplanan a-
Si’un 1s1l islem uygulanmasi sonucunda elde edilen Ra-
man analizi sonuglart hem de karbon atomunun XPS ve
ToF-SIMS sonuglar1 dikkate alindiginda a-Si’un e-
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demeti ile kaplanmast sirasinda molibden pota
kullanilmas1 gerektigi sonucuna varilmistir.

6. SONUC (CONCLUSION)

Poly-Si ince film iiretmek i¢in pek ¢ok teknik
bulunmakla birlikte bu teknikler igerisinde hem yiiksek
kaliteli poly-Si film {iretmesi hem de kolay olmasi
bakimindan kat1 faz kristalizasyon (SPC) oldukga yaygin
kullanmlan bir tekniktir. Bu ¢alismada, poly-Si ince
filmler SPC teknigi kullanilarak 600°C’de 8-26 saat aras1
tavlanarak iiretilmiglerdir. Tavlama siiresi 8 saatten 26
saate arttirtlarak kristallenme derecesi %10°dan %95’e
artmisgtir. SPC teknigi kullanarak cogunluk tanecik
yonelimi <111> olan ve ortalama kristalit biiyiikliigi
29,6-36,3nm olan poly-Si filmler tretilmistir. Diger
yandan, elde edilen sonuglar dogrultusunda e-demeti
sisteminde a-Si biiylitmede kullanilan potanin a-Si’un
kristalizasyonu {iizerine oldukca 6nemli etkileri oldugu
ilk kez bu ¢alisma ile bulunmustur. Yapilan arastirmalar
sonucunda, a-Si’un e-demeti sisteminde grafit pota
kullanilmasinin filmin kristallenmesi i¢in uygulanan 1s1
tavlama esnasinda grafit potadan film i¢ine difuz eden
o6nemli miktarda karbon kirliligi yarattig1 goriilmiistir.
Bu nedenle grafit pota yerine molibden pota
kullanilmasinin 1s1l iglem uygulanmig kristal filmin
kalitesi i¢in ¢ok dnemli oldugu sonucuna varilmistir.
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0z
Sogutma ve sogutma sistemlerine olan talebin hizla artig1 giiniimiizde sogutma sistemlerinden bir¢ok alanda yararlanilmaktadir.
Bununla birlikte giiniimiizde artan enerji ihtiyacina bagli olarak sogutma sistemlerinden verimli bir sekilde yararlanmak ve enerji
tasarrufu saglamak olduk¢a 6nem kazanmustir. Ev tipi sogutucularda sistemin verimini artirmanin en dnemli yontemlerinden biri
de kondenser kapasitesinin artirilmasidir. Bu ¢aligmada ilk olarak dogal tasinimli telli-boru tip kondenserin performans analizi
yapilmistir. Daha sonra kondenser bir tankin igine yerlestirilerek tank igeresine sirasiyla 2.5, 5, 7.5 ve 10 L miktarlarinda bitkisel
yag eritilip doldurulmus ve sistemin performans analizi yapilmstir. Caligmada ev tipi sogutucu 2 saat boyunca kesikli olarak
calistirilmigtir. Basing ve sicaklik 6lgiimleri 5°er dakika araliklarla kaydedilmistir. Yag sogutmali kondenserde yag miktari arttikga
kondenser performansinin arttigi ve enerji tiikketiminin azaldig: tespit edilmistir. Hava sogutmali kondenser kullanarak yiiksiiz
calistirildiginda COP degeri 2.23 ve enerji tiiketimi 90 Wh iken, 10 L bitkisel yag yiiklii yag sogutmali kondenserin COP degeri
2.81 ‘e ¢ikmus ve enerji tiiketimi ise 35 Wh’e inmistir. Hava sogutmali kondenser kullanarak yiiklii ¢aligtirildiginda COP degeri
2.14 ve enerji tiiketimi 95 Wh iken, yag sogutmali kondenserin COP degeri 2.84 ‘e ¢ikmus ve enerji tiiketimi ise 40 Wh’e inmistir.

Anahtar Kelimeler: Hava sogutmali kondenser, yag sogutmal kondenser, COP, enerji tiiketimi.

Adaptation of Oil Cooled Condenser Design to A
Thermostat Controlled Cooler and Performance
Analysis

ABSTRACT

Today, the need for cooling and cooling technologies are growing fast and they are used in many areas. On the other hand, saving
energy and using the cooling systems more efficiently are major concerns in today’s growing energy needs. Increasing the
condenser capacity is one of the way of improving household refrigerator efficiency. In this study, first the performance test of a
natural circulation wire-tube condenser was tested. Then the condenser was placed into a tank and 2.5, 5, 7.5 and 10 liters of melted
vegetable oil was filled into the tank. Performance tests of the system were performed at both loaded and unloaded conditions as
intermittent operation. A domestic refrigerator was run for 2 hours as intermittent operation for each scenario. All measurements
(pressure and temperature) were taken at 5 minutes intervals. Experimental results showed that as the amount of oil in the oil-
cooled condenser increases, the condenser capacity and cooling capacity also increase, and also the energy consumption of the
system decreases. The energy consumption in unloaded operation of air-cooled condenser for 1 hour was measured as 90 Wh, and
it decreased to 35 Wh for oil-cooled condenser filled with 10 liters of oil. The COP of the system in unloaded operation of air-
cooled condenser was calculated as 2.23 and the energy consumption was about 90Wh. However, The COP of the system in loaded
operation of oil-cooled condenser was increased to 2.81 and the energy consumption was decreased to 35Wh. On the other hand,
the COP of the system in loaded operation of air-cooled condenser was measured as 2.14 and the energy consumption of it was
about 95Wh. But, the COP of the oil-cooled condenser in loaded operation raised to 2.84 and the energy consumption reduced to
40Wh.

Keywords: Air cooled condenser, oil cooled condenser, COP, energy consumption.

1. GIRIS (INTRODUCTION) ortamdan yiiksek sicakliktakine 1s1 gecisi saglamaktadir.

Son yillarda sogutma teknolojisinin hizli bir sekilde Sogutma teknolojisinde bir¢ok sistem ¢esitli amaglar i¢in
gelistigi ve bircok alanda sogutma teknolojisine duyulan ~ $0k farkli boyutlarda ve isletme sartlari g6z Gniine
ihtiyacin arttign giiniimiizde sogutma sistemlerinden alinarak tasarlanirlar. Bu tasarim sonunda sistemin
verimli bir sekilde yararlanmak ve enerji tasarrufu verimli ¢aligmasinin yaninda minimum enerji tiiketmesi
saglamak biiyiik Slciide 6nem kazanmaktadir. Esas de g0z Oniine almmaktadir. Giintimizde enerji

olarak bir sogutma sistemi diisiik sicakliktaki bir ihtiyacmm giderek arttigi ve birgok alanda ihtiyag
duyulan enerjinin tasarruflu ve etkin bir sekilde

*Sorumlu Yazar (Corresponding Author) kullanilmas1  gerekmektedir. Ayni zamanda enerji
e-posta - bacar@karabuk.edu.tr kaynaklarimi dikkatli kullanmay1 gerekli kilmaktadir. Bu
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sebeple {iretilen sogutma cihazlarinda sistemin
performansini artirip enerji tiilketiminin azaltilmasi ve bu
sistemlerden atilan enerjinin baska bir sistem tarafindan
enerji kaynagi olarak kullanilmasi Onemli tasarruf
yontemlerinden bir tanesidir. Literatiirde; sogutma,
iklimlendirme sistemleri ve 1s1 pompalarindan atilan

sinin -~ bagka bir sitemin giris enerjisi  olarak
kullanilabildigi bircok calisma mevcuttur. Kadayifci
yapmis oldugu c¢aligmada, dogal tasimimli  bir

sogutucunun kondenserini farkli boylarda baca ile
calistirmasini ve enerji tilketimi incelemistir. Sistem yiik
altinda ¢aligirken bacali dogal tasinimin dogal tasinimdan
% 5, ytiksiiz calisirken % 10 daha az enerji tiikettigini
bildirmistir [1]. Clark vd. ev tipi bir buzdolabinda hava
ve su sogutmali kondenser kullanarak yaptiklar1 deneysel
calisma sonucunda buzdolab1 performansini
bozmaksizin su sicakliginda 35 °C yiikselme ve % 18-20
1s1 geri kazanimi saglamuglardir [2]. Wen-Long bir
sogutma sisteminin kondenser borularimi faz degistiren
bir malzeme igerisine yerlestirerek yaptigi calismada
sogutma tesir katsayisi % 19 artarken sogutucunun
tiikettigi enerji % 12 azaldigini belirtmistir [3]. Akdogan
A. yaptig1 ¢alismada 6zel olarak tasarlanip imal edilen,
iic farkli kapasitede su sogutmali kondenseri bulunan
buhar sikigtirmali bir sogutma ¢evrimi i¢in enerji ve
ekserji analizlerini yapmis, kondenser kapasitesi
azaldik¢a tersinmezliklere bagl olarak sistemde ekserji
kaybinin artigini ve enerji analizlerinde en fazla kaybin
kondenserde oldugunu tespit etmistir [4]. Stinson vd. bir
buzdolabinin kondenserinden 1s1 geri kazanimi saglamak
icin su sogutmali kondenser kullanarak yaptiklari
deneysel ¢aligmada; sistem COP degerinin % 10-18
arttigini, kondenser basinci yiikseldiginde COP degerinin
azaldigini ve su sogutmali kondenser kullanildiginda 1sil
kayiplarin da diistiigiinii belirtmislerdir [5]. Alex vd. bir
buhar sikigtirmali sogutucu igin analitik bir model
sunmugslardir. Caligmalarinda su 1sitmak igin deneyler
yapmuglar ve bir 1s1 geri kazanim tinitesi gelistirmislerdir.
Calisma sonucunda c¢iller kapasitesinin % 30, COP
degerinin de %20 arttigin1 tespit etmislerdir [6]. Goto vd.
yaptiklart ¢aligmada duyulur 1s1 geri kazanim {initesi
gelistirmisler, bu {initeyi su 1sitmak i¢in kullanmiglardir.
Yapilan deneyler sonucunda genel enerji verimliligi %
34 artmasina ragmen, COP degeri kompresdriin yaptigi
isin artmasindan dolayt % 15 azalmistir. [7]. Sapali vd.
bir siit sogutma tesisinin kondenserinden 1s1 geri
kazanimi tizerine yaptiklar1 ¢alismada; asir1 kizdirmanin
tamaminin gizli 1sinin ise % 35’nin geri kazanildig tespit
edilmis ve Onemli iyilestirmelerin yani swra COP
degerinin 3 ten 4.8’e yiikseldigini belirtilmislerdir. [8].
Patil yaptig1 calismada sogutma performansini artirmak
icin iki farkli tip kondenser ile degisik caligmalar
yapmustir. Mikro telli kondenser kullanildiginda U tip
kondensere gore sogutma kapasitesinin % 10, COP’nin
ise % 17 arttigim belirtmisdir [9]. Tissot vd. tarafindan
yapilan calismada bir buzdolabimin kondenserine su
spreyi uygulamasi yapilarak enerji performansinin
iyilestirilmesi amaglamiglardir. Calisma sonunda sprey
uygulanan kondenserde sogutucunun COP degeri % 2.89

yiikselmistir [10]. Hajidavilioo vd. tarafindan yapilan bir
calismada bir iklimlendirme cihazinda kondenser
kapasitesini artirmak i¢in hava sogutmali kondenser
yerine evaporatif kondenser kullanilmistir. Calisma
sonucunda enerji tiiketiminde % 20 ye kadar azalma,
COP’de ise % 50 civarinda bir iyilesme ger¢eklesmistir
[11]. Bu caligmada yukarida bahsedilen ¢aligmalardan
esinlenerek ev tipi bir sogutucunun kondenseri metal bir
hazne icine konularak, bitkisel yag ile doldurulmus ve
sistem performansina etkisi incelenmistir. Yapilan
deneysel calismada; icerisine kondenser yerlestirilmis
yag haznesine degisik miktarlarda bitkisel yag eritilerek
doldurulmus ve sistem performansi incelenmistir.

2. YONTEM (METHOD)

Deneysel galismada AEG 1200 marka ev tipi bir
sogutucu kullanilmistir. Sogutucunun 6zellikleri Cizelge
1’de gosterilmistir. Baglangigta dogal tasinimli hava
sogutmali kondensere sahip bu sogutucunun kondenseri,
1.2 mm kalinliginda siyah sac malzeme kullanilarak
30x550x650 mm ebatlarinda imal edilen bir hazne igine
konularak yag sogutmali kondensere doniistiiriilmiistiir.
Sekil 1’de goriilen yag haznesi 10 L yag alma
kapasitesinde sahip olup 8 mm ¢apinda yag bosaltma ve
doldurma delikleri bulunmaktadir. Bitkisel yag bu
hazneye farkli miktarlarda eritilerek konulmustur.
Burada kondenserden atilan 1s1 hazne iginde bulunan
bitkisel yaga aktarilmaktadir.

Yag doldurma
deligi

650

- Yag bosaltma
{ deligi

N
Kondenser
cikisi

Kondenser
girisi

ekil 1. Yag sogutmali kondenser ve kondenserin yag haznesi
g 508 yag
icindeki konumu (Oil cooled condenser and the
position of cindenser in oil)

Ev tipi sogutucunun oOzellikleri Cizelge 1°de verilmis
olup deneysel c¢aligmalarda bu ozelikler dikkate
almmugtir.
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Cizelge 1. Ev tipi sogutucunun 6zellikleri (The properties
of home type cooler)

KOMPRESOR KONDENSER EVAPORAOR
HUAYI C.O. AEG C.O. AEG C.O.
190/220 V Quond : 620 W Ebatlar:

AC 50 Hz Ebatlar: 0,22x0,5m
Wiomp : 123W 055X 0,87m  Qevap : 497 W

Piston sayisi: 1~ Borular i¢in

Dis cap: 0,0048

Tipi: Kabartma

m

I¢ cap1: 0,0038
m

Boyu: 10,8 m

Sogutma sisteminin algak basing ve yiiksek basing
tarafina manometreler yerlestirildikten sonra sicaklik
degerlerini okumak icin 0.25mm c¢apmdaki K tipi
termokupl yerlestirilmistir[12]. Gerekli baglantilar ve
kontroller yapildiktan sonra sistem bir giin boyunca
yiiksiiz ¢alistirilarak test edilmistir. Deney setinin enerji
tilketimini 6lgmek iizere Cizelge 2’ de dzellikleri verilen
elektrik sayact kullanilmigtir[13].

Cizelge 2. Elektrik sayacinin ozellikleri. (The properties of
electrical counter)

ELEKTRIK SAYACI

MAKEL MONOFAZE

Tip : M310.2218 LCD ekran

1 Fazli1 2 Telli 3000 imp/kWh

0.5 sinifin1 da kapsayan hassas sayag

-40 °C ile +85 °C calisma sicakligi araligt

Deneyler kesikli rejimde 5 dakika aralikla toplam 2 saat
boyunca, yiiksiiz ve yiikli olarak yapilmistir. Yikli
yapilan deneylerde 15 W giiciinde bir ampul
sogutucunun icine yerlestirilmistir. Sicaklik Sl¢limleri
icin Digi-Sense firmasi tarafindan {iiretilen, + 0.1 °C
Ol¢me hassasiyetine sahip, 9 V DC ile ¢alisgan J, K ve T

olarak {i¢ ayr tip termo eleman sensor baglanabilen
dijital termometre kullanilmusgtir.

Ev tipi sogutucuda kondenser kapasitesinin sistem
performansina etkisinin incelenmesine yonelik yapilan
deneysel caligmada tasarimi ve imalati gergeklestirilen
deney diizenegi Sekil 2°de goriilmektedir. Yapilan tiim
deneylerde yag sogutmali kondensere farkli miktarlarda
eritilen  bitkisel yag  doldurularak  katilagmasi
saglandiktan sonra deneylere baglanmistir.

Yag tank
o

Telli borulu
kondenser

\\\
\

\RRRRRRAN

Buzdolaby

Sekil 2. Yag sogutmali kondenser ve sogutucu iizerine takilmig
hali (The mounted of oli cooled condenser on the
cooling device)

2.1. Sogutucunun Performans Analizi (Performance
Analysis of Cooler)

Sekil 3°de ev tipi sogutucunun temel elemanlari ve
calisma semasi gosterilmistir. Burada evaporator,
sogutucu akigkanin diisiik basingta ¢evreden 1s1 alarak
buharlagsmasini saglar daha sonra komprasor vasitast ile
evaporatorden alinan buhar, yiiksek basingli kondensere
iletilir. Kompresorden gelen sicak kizgin gaz

Cizelge 3. Yiikli ve yiiksiiz caligmada dogal tasinimhi (DT) hava sogutmali ve yag sogutmali deney setinin
termodinamik 6zellikleri (the thermodynamic properties of oil and air cooled experimental setup under

loading and unloading condition)

Durum T2=T3s Ts Ti=Te P2=P3  P1=Ps=Ps h2=hs hs hi=he
°C °cC °c kPa kPa kJ/kg kJ/kg kJ/kg

DT Yiiklii 87 69 7 1660 70 460.20 302.44  410.04
251t 82 62 5 1320 60 459.79 290.68  408.64
51t 79 57 3 1100 40 459.81 282.49  407.48
751t 75 52 2 1050 30 456.32 274.62  406.92
10 It 71 50 1 9200 20 454.12 27152  406.59
DT Yiiksiiz 85 69 5 15800 60 459.15 295.66  408.64
251t 80 60 4 1665 50 458.66 287.33  408.06
51t 76 55 3 1460 40 458.11 279.32  407.72
7.51t 73 51 1 1125 20 455.73 27297  406.12
10 It 70 49 0 9300 10 454.01 269.98  405.80
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kondenserde 1sisin1  atarak  yogunlasir. Sistemde
kulanilan genlesme valfi ise sivi sogutucu akigkanin
gecisini  ¢esitli metotlarla kisitlayarak evaporatorde
diisiik basing olugsmasini, dolayisiyla sogutucu akigkanin
buharlasacak hale gelmesini saglamaktadir.

Kurutucu

Kisilma Vanasi

—-=

Toung

Sekil 3. Ev tipi sogutucunun temel elemanlar1 ve ¢alisma
semast (Basic properties and working
shematic of home type cooler)

Ideal buhar sikistirmali sogutma ¢evriminde Sekil 3°de
belirtilen noktalara gore kondenser kapasitesi, sogutma
kapasitesi ve kompresorde yapilan isi veren denklemler
yazilmistir. Bu sistemdeki buharlastiricinin - hava
akimindan ¢ektigi 1s1, Esitlik 1°de evaporator giris ve

cikisindaki entalpi farklarinin  sogutucu akiskanin
kiitlesel debisi ile carpilmasiyla bulunmustur.
QBuh = m(he — hs) 1

Kondenserden ¢evre havasina veya yaga atilan 1s1 ise
Esitlik 2°de kondenser giris ve ¢ikisindaki entalpi
farklarinin  sogutucu akigkanmn kiitlesel debisi ile
carpilmasiyla bulunmustur.

QYog =m(h; — hy) (2)
Kompresoriin yaptigi is veya kompresor giicii, Esitlik
3’de oldugu gibi kompresor ¢ikis ve girisindeki entalpi
farklarmin ~ sogutucu  akigkan  kiitlesel ~debisiyle
carpilmasiyla bulunur.

Wgom = m(hy — hy) (3)
Bir sogutucunun performansi sogutma tesir katsayisi
(COP) ile ifade edilir. Sogutucunun performansini Esitlik
4’de oldugu gibi evaporatdr kapasitesinin kompresoriin
yaptigi igse boliinmesiyle bulunur.
cop = 2zun _ Le7ls) @)

Wkom (hz=h4)

1 nolu 6l¢iim noktasinda gosterilen kompresor c¢ikis
sicakligi ve basing degerleri, 3 nolu dl¢lim noktasinda
gosterilen kondenser ¢ikis sicakligi ve basing degerleri, 6
nolu Olglim noktasinda gosterilen kompresor giris
sicakligt ve emme basinct degerleri Solkane paket
programi kullanilarak elde edilmis ve Cizelge 3.’de
gosterilmistir. Buna gére COP degerleri Esitlik 4 ‘e gore
bulunur.

3. BULGULAR (RESULTS)

Tasarlanan ve imalati yapilan deney diizenegi {izerinde
Ocak ay1 ve Karabiik iklim sartlarinda bir dizi deneyler
yapilmistir[ 14]. Deneylerden elde edilen veriler
buzdolabinin i¢ine 15 W'lik yiik yerlestirilerek yiiklii-
yiiksiiz olarak kesikli ¢alisma sartlarinda incelenmistir.
Laboratuvar sartlarinda yapilan her bir deney bittikten
sonra sistemin normal ¢aligma sartlarina gelmesi igin 2
saat boyunca sogutucu ¢aligtirilmamistir.

Deneylerde COP degerleri Esitlik 4’ten yararlanilarak
hesaplanmistir. Deney verileri ilk 6nce hava sogutmali
kondenser ile yiiklii ve yiiksiiz olarak, kesikli (on/off)
calistirllmak suretiyle elde edilmistir. Daha sonra yag
haznesine katt misir 6zii bitkisel yag eritilerek 2.5, 5, 7.5
ve 10 litre olarak doldurulmus ve ayni dl¢limler tekrar
edilmistir[15]. Bitkisel yag ile yapilan deneylerde
bitkisel yagin katilasmasi i¢in dolum isleminin ardindan
2 saat beklenmistir. Hazne igindeki bitkisel yagin
sicaklig K tipi bir termokupl ile Sl¢lilmiistiir. 1, 3 ve 6
noktalarindan olgiilen basing ve sicakliklara karsilik
gelen entalpi degerleri R134a gazi icin termodinamik
tablolardan bulunduktan sonra 4 nolu esitlik kullanilarak
kesikli, yiiklii ve yiksliz c¢alisma sartlarinda COP
degerleri hesaplanmis ve Sekil 4’te grafiksel olarak
gosterilmistir[16].

Sekil 4’ten de goriilecegi gibi hem on-off yiiksiiz hem de
on-off yiiklii calismada en diisiik COP dogal taginimli
kondenserde sirasiyla 2.23 ve 2.14 olarak tespit
edilmistir. Kondenser 2.5 It yag ile doldurulduktan sonra
sogutucunun performansi artarak yiiksiiz caligmada
241%, yukli c¢alismada ise 2.30°a ulasmistir.
Kondenserdeki yag doluluk orani arttik¢a sogutucunun
performansi da artmustir. En yiiksek COP, kondenser 10
It yag ile doluyken on-off yiiksiiz ¢alismada 2,81 olarak
on-off yiikli ¢caligmada ise 2,84 olarak gergeklesmistir.
On-off ¢aligmada, yag haznesinin doluluk orani arttik¢a
sistem performanst artmistir. Yag haznesi 10 It yag dolu
oldugunda yiiksiiz ¢calisirken COP dogal tasinima gore %
20, yiiklii ¢alistyorken ise % 24 artmustir.

3 -

2,9 4
2,8 -
2,7 4
0 261
Q25 A
2,4 4
2,3 4
2.2
2,1 A

2

DT 2,5Ltyag SLtyag 7,5Ltyag 10Lt yag
dol. kon.  dol. kon.  dol. kon.  dol. kon.
Kondenser Durumu

Sekil 4. Kesikli yiikli ve yiiksiiz ¢aligmaya ait COP
degisimi (The COP changing under continous
and uncontionous loading and unloading)

Sogutma sisteminin elektrik tiikketimi olgiiliirken Cizelge
2’de ozellikleri verilen tek fazli elektronik bir elektrik
sayact kullamilmigtir. Tiiketilen enerji Watt-saat (Wh)
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olarak ol¢iilmiustiir. Yiiklii yapilan deneylerde 15 W’lik
yiik elektrik sayacina bagli olmayan ayr bir kaynaktan
almmistir.  Sistemin elektrik tiiketimi ise Sekil 5°te
goriilmektedir.

Sekil 5 incelendiginde en yiiksek enerji tiiketimi,
sogutma sistemi kesikli olarak dogal tasinimli kondenser
ile yiikli ¢alistirildiginda 95 Wh olarak gergeklesmistir.
En az enerji tiiketimi ise sogutma sisteminin kondenseri
10 It yag ile dolu iken yiiksiiz ¢alistirilirken 40 Wh olarak
tespit edilmistir. Bu da % 57 daha az enerji tiiketimi
demektir. Sogutma sistemi kesikli olarak dogal taginimli
kondenser ile yiiksiiz caligtirildiginda 90 Wh olarak
gerceklesmistir. En az enerji tiiketimi ise sogutma
sisteminin kondenseri 10 It yag ile dolu iken yiiksiiz
calistirilirken 35 Wh olarak tespit edilmistir. Bu durum
% 61 enerji tasarrufu oldugunu gostermektedir. Bunun
sebebi sogutma sisteminin yag sogutmali kondenser ile
calisirken yogusma basmcinin diismesidir. Yogusma
basincinin diismesi ile birlikte kompresdriin enerji
tiikketimi de azalmistir.

Sekil.6 ve Sekil.7 birlikte incelendiginde en yiiksek
kondenser  giris-¢ikis  sicakligt  dogal tasinimli
kondenserle c¢alisan deneyde gergeklesmistir. Bunun
sebebi dogal tasinimli kondenserin ortama 1s1y1 atmada
zorlanmasidir. Bu durumda kondenserdeki yogusma
basinct artar dolayisiyla kompresoriin enerji tiiketimi de
buna bagli olarak artig gosterir. Bu da sogutucunun
performansinin azalmasina sebep olur. En diisiik
kondenser girig-¢ikis sicakligi ise kondenseri 10 1t yag ile
dolu yiiksiiz calisma sartinda gerceklesmistir. Bunun
sebebi de kondenserin 1s1y1 hizli bir sekilde bitkisel yaga
transfer etmesidir.

Evaporator sicaklik dagilimi incelendiginde en diigiik
evaporatdr sicakligl kondenser 10 It yag ile dolu iken on-
off yiiksiiz ¢aligma sartlarinda ger¢eklesmistir. Bunun
sebebi evaporator tarafindan alinan 1sinin hizli bir sekilde
kondenserden atilmasidir. En yiiksek evaporatdr sicaklig
ise kondenser dogal taginimli olarak ¢alistigt durumda
tespit edilmistir. Bunun sebebi ise evaporatdrden alinan
1sinin kondenserden atilirken zorlanmasidir.

artiglar

100 Kondenser giris sicakligi ilk ¢alismaya basladiktan sonra
=90 —K\ 40 dk. ya kadar diizgiin bir sekilde artis gostermistir. On-
?,38 N off calisan sogutma sistemi, 40 dk. da termostati off
Eeo - durumuna getirdiginden dolay1 kondenser giris sicakligi
S50 75 dk. ya kadar diigiis gostermektedir. Buna bagli olarak
£40 evaporator giris ve ¢ikis sicakliklarinda da
:5'328 =0 Yiiklii goriilmektedir. 75 dk. sonunda sogutma sistemi termostat
;510 il Y i s tarafindan on durumuna gectigi i¢in kondenser giris ve

0 . . . . . ¢ikis sicakliklarinda tekrar artis goriilmektedir
DT 2,5Ltyag 5Ltyag 7,5Ltyag 10Ltyag Sekil 8’de deney diizeneginin degisik kondenser
dol. kon.  dol. kon.  dol. kon.  dol. kon. durumlarinda basing dagilimi goriilmektedir. Sekilden de
Kondenser Durumu goriilecegi gibi en yiiksek kondenser basmci dogal
Sekil 5. Ev tipi sogutucunun siirekli calismada enerji tiiketimi ~ taginimda tespit edilmistir. Bu durum kondenserin 1s1
(Continuous energy consumption of home type atmasi esnasinda zorlanmasindan kaynaklanmaktadir.
cooler) Kondenser haznesi bitkisel yag ile doldurulduktan sonra
100
Q
¢
=
g
7

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120
Zaman (dk)
=@ Kon.Gir.Sic. == Kon.Cik.Sic. ey Ortm.SicC. e=pt== Evap.Cik.Sic. === Evap.Gir.Sic.

Sekil 6. Dogal tasimimli yiiksiiz calisan deney setinin kondenser ve evaporator sicaklik degisimi (Condenser and evaporator
temperature change of natural convective unloaded experimental set)

481



Bahadir ACAR /POLITEKNIK DERGISI, Politeknik Dergisi,2019;22(2):477-484

Sicaklik °C

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120
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=@ Kon.Gir.Sic.  ==@==Kon.Cik.Sic. = ==fpm=Ortm.Sic. =~ ==p¢==Evap.Cik.Sic. = === Evap.Gir.Sic.

Sekil 7. Kondenseri 10 It yag ile dolu yiiksiiz ¢alisan deney setinin kondenser ve evaporator sicaklik degisimi (Condenser and
evaporator temperature change of 10 It oil-filled unloaded experimental set)

kondenser basinci diismeye baslamig ve doluluk orani e S: Olgiilen boyut
arttik¢a basing diismeye devam etmistir. o Xy, Xo.o..... ,Xn : Ol¢iimii etkileyen degiskenler

16 —+—DT ——25LT —A—5LT —8—75LT —u—10LT
15

14
13

Basing (Bar)

L o480 U -
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120
Zaman (dk)

Sekil 8. On-off yiiksiiz ¢alisan deney setinin kondenser basing dagilimi (The pressure distribuiton of on-off unloading
working experimental setup)

En diisiik kondenser basinci ise kondenser 10 It yag ile o Wi, W, ...,Wn: Bagimsiz degiskenin hata
doluyken calisan deneyde gergeklesmistir. Bunun sebebi orani olmak iizere;

kondenser 1sisinin hizli bir sekilde bitkisel yag tarafindan ~ Toplam hata oran1 W :

tutulmasidir. Sogutucu 40 dk. da termostatin devreye ) ) )
girmesiyle basing degerleri de diismektedir, 75 dk. dan  y — (ﬁ 1) + (6_5 2) + (6_5 W3) +

sonra termostatin on durumuna ge¢cmesiyle tekrar basing 0xz 0x3

degerlerinde artig goriilmektedir. Kondenser basincinin as 2 as 21'/2
diismesiyle birlikte kompresoriin enerji tiketimi Sekil. (E W4) ot (a W") ] ®)
5’te goriildigii gibi azalmstir. veya
w = s[(7) 4 (P2) 4 (M) 4 (M) 4
4. BELIRSIZLIK ANALIZI (UNCERTAINTY ’ [( 1 ) ’ ( 2 ) * ( 3 ) * ("4 ) .
ANALYSIS) (m)z] /2 ©)
Xn

Yapilan galismada hata analizi yapilmistir[17].
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Cizelge 4. Deneyde kullanilan cihazlarin dogruluk orani (The
accuracy ratio of devices in experiments)

Cihazlar Olgiim dogruluk oram
Dijital termometre +% 1

Elektrik sayaci +%3

Dijital saat +% 0.1

Basing transmitteri + %2

Deneylerde toplam belirsizlik, yukarida belirtilen
belirsizlik analiz formiilleri (Esitlik 5 — 6) kullanilarak
Cizelge 4. te goriilen 6l¢iim dogruluk oranlarina gore
hesaplanmuistir. Yapilan hesaplamalar neticesinde toplam
hata oran1 Ws = £ % 2.716 olarak hesaplanmis ve kabul
edilebilir diizeyde goriilmiistiir.

5. SONUCLAR VE TARTISMA (CONCLUSION
AND DISCUSSION)

Yapilan bu ¢alisma ev tipi sogutucunun kondenseri metal
bir hazne igerisine yerlestirilip, icerisine farklh
miktarlarda  bitkisel ~yag konularak  kondenser
kapasitelerinde sistem performans: ve enerji tiiketimi
incelenmis ve calisma sonunda asagidaki sonuclar elde
edilmistir. Yag tankina konulan bitkisel yag,
kondenserde atilan 1s1y1 tutmus, yagin miktar
arttirildikca kondenserin yogusma basinct ve sicakligi
diismiis ve evaporatdriin sogutma kapasitesi artmustir.
Sogutma sistemi yiiksliz ¢aligma esnasinda, 10 It yag
dolu olan yag sogutmali kondenserin dogal hava
sogutmali kondensere gére COP degeri % 20 arttig1 ve
enerji tiiketiminde ise %61 azalma oldugu gorilmistiir.
Sogutma sistemi yiiklii calisma esnasinda, 10 It yag dolu
olan yag sogutmali kondenserin dogal hava sogutmali
kondensere gore COP degeri % 24 artarken enerji
tilketiminde %57 azalma goriilmiistir. Kondenserin
yogusma basincinin ve sicakliginin azalmasiyla birlikte
kompresdrde yiiksek basing ve yiiksek sicakliktan
kaynaklanan arizalar azalacaktir. Ayrica kondenser
basinct diistiigii icin kompresdriin ¢ektigi akim azalacak
ve agir1 giliriiltd, 1sinma gibi problemlerin  Oniine
gegilecektir. Bu tip calismalar degisik tiirden ev tipi
sogutucularda  denenerek  buradaki sonuglarla
karsilagtirilabilir. Kondenser haznesi farkli faz degistiren
maddelerle denenerek performans testleri bagka
calismalarda yapilabilir. Ayrica, bu galigmada kondenser
haznesi 1.2 mm siyah sac malzeme kullanarak imal
edilmistir. Hazne yapiminda farkli malzemeler
denenerek performans testleri yapilabilir. Bu ¢alismada
tim testler dogal tasimimli kondenser kullanilarak
yaptlmistir. Kondenser bir fan yardimiyla zorlanmisg
tasimmma  doniistliriilip benzer performans testleri
yapilabilir.  Bitkisel yag sogutmali kondenserin
uygulanabilirligi ve maliyetinin uygun olup olmadig1 ve

yeni tasarimlarda nasil kullanilacagi arastirilarak
optimum ¢alisma kosullar1  belirlenmelidir. Bu
sistemlerde  bitkisel yag sogutmali kondenserin

kullanilmasinda en biiylik problem imalat zorlugu ve
kondenserin agirhigidir. flerleyen caligmalarda daha hafif
malzemeler kullanilarak, uygulanabilirligi arastirilabilir.
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Termo Sifon Sirkiilasyonu ile Cift Devreli Glines
Istasyonunun Teorik ve Matematiksel Analizi

Arastirma Makalesi / Research Article

Yedilkhan AMIRGALIYEV?Y, Murat KUNELBAYEV?, Aliya KALIZHANOVA?, Omirlan AUELBEKOV*,
Nazbek KATAYEV?, Ainur KOZBAKOVAS

1.2.3.458|nstitute Information and Computational Technologies CS MES RK, Almaty, Kazakhstan
L38Al-Farabi Kazakh National University Almaty, Kazakhstan

(Gelis/Received : 02.03.2018 ; Kabul/Accepted : 25.06.2018)
oz

Bu makalede, bireysel yapilarin matematiksel modelleri ve termo sifon sirkiilasyonu ile bir ¢ift devreli giines kollektorii ¢aligma
modlar1 anlatilmaktadir. Bu gorevi gergeklestirmek icin, panel ve 1s1 yalitimi arasindaki ek boliimleri ortadan kaldirarak 1s1 transfer
katsayisinin arttig1 termo sifon dolagimi ile diiz bir giines kollektoriiniin yeni bir tasarimim diisiindiik. Giines kollektdriiniin
verimliligi, kondenser ve evaporatdriin “spiral spiral” tipi bir 1s1 esanjorii seklinde yapildigi 6l¢iim tankinin ve tanktaki 1s1
pompasinin varligi nedeniyle elde edilir ve 1s1 esanjorii boru hatlari, 1s1 degisiminin alanin1 ve yogunlugunu arttirmaya izin veren
digerinin iizerine yerlestirilir. Bu ¢alismanin sonucu, goz oniine alinan ¢alisma modlarinda diiz giines kollektorlerinin kararsiz
termal rejiminin teorik ve matematiksel bir analizidir. Analiz sonuglarina dayanarak, bireysel yapisal unsurlari optimize etmenin
yani sira termal rejimi tahmin etmek ve diiz giines kollektorlerinin tasarimi ve ¢alisma modlarinin se¢imi i¢in alternatif ¢oziimler
segmek miimkiindiir.

Anahtar Kelimeler: Cift devreli giines istasyonu, 1s1 pompasi, giines kollektorii, termo sifon sirkiilasyonu.

Theoretical And Mathematical Analysis Of Double-
Circuit Solar Station With Thermo Siphon Circulation

ABSTRACT

This article discusses the mathematical models of the individual structures and modes of operation of a double-circuit solar collector
with thermo siphon circulation. To perform this task, we considered a new design of a flat solar collector with thermo siphon
circulation, in which the heat transfer coefficient was increased by eliminating additional partitions between the panel and thermal
insulation. The efficiency of the solar collector is achieved due to the presence of the metering tank and the heat pump in the tank,
where the condenser and evaporator are made in the form of a “spiral in a spiral” type heat exchanger, and the heat exchanger
pipelines are placed one above the other, which allows increasing the area and intensity of heat exchange. The result of this work
is a theoretical and mathematical analysis of the unsteady thermal regime of flat solar collectors on the modes of operation under
consideration. Based on the results of the analysis, it is possible to optimize individual structural elements, as well as to predict the
thermal regime and select alternative solutions for the design of flat solar collectors and the choice of operating modes.

Keywords: Double-circuit solar station, heat pump, solar collector, thermo siphon circulation.

In the article there has been noted, that virtual
prototyping of the solar collector helps predict collector’s
performance until operation [1]. The work herein admits,
that in order to ground the solar collector project at
physical state space it should be drove to a state of
modelling to research collector’s dimensions, which
gives the air outlet low temperature.

Upon studying the design and operation models there is
also taken into account the performance parameters.
Duffie and Beckman in the work have constructed the
solar collectors, which are applied to the models. In the

1. INTRODUCTION

Renewable energy sources have the potential to meet
current and future projected global energy needs without
any environmental impact. Renewable energy sources
such as solar, wind, hydropower, biogas and geothermal
energy are potential candidates for a sustainable global
energy demand. The best alternative to meet the growing
demand for energy is solar energy. The conversion of
solar radiation into heat is one of the simplest and most
direct applications of this energy. To analyze the
mathematical model of the developed double-circuit

solar stations with thermo siphon circulation, we
considered a number of existing models.

* Sorumlu yazar (Corresponding Author)
e-posta : murat7508@yandex.kz

current research there are several novelty aspects in the
model-based approach [1].

With numerical models the restrictions of the approach
thereof can be alleviated. Duffie and Beckman mention,
that for the heat loss overall coefficient calculation to
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define the spatial average temperature of the absorbing
plate is difficult. In the spatially distributed model as
presented here, this is not a problem. Moreover, the solar
collectors are often characterized by the heat which shall
be defined experimentally.

Koyunsu in the work concerning the solar collector has
noted that the special attention is paid to the heat increase
from the solar power radiation factor and heat output [3].
Kicsiny has experimentally simulated the solar collector
where the temperature output does not help design the
solar collector’s dimensions, particularly the solar
collectors being operated under different conditions [4].
Gao et al., Alvarez et al.have given the information on
the solar collector’s parameters calculation [5,6].

Buzas et alii in their work on the dynamic model spatial
distribution do not consider the collector as a combined
reservoir [7]. In the works it is told about spatial
distribution of the PV / water system, tunnel dryer, solar
water heater. In the work thereof the authors strive to use
the model-based approach to design and construct the
solar collectors for low and high outlet temperature in the
dryer of the adsorptive solar system to dry agricultural
products and for regeneration there is used the adsorbent
for the drying during the night [8,9,10,11].

Solar thermal energy is a renewable energy source which
is widely used all over the world. From the widespread
use of household solar water heaters (SWH) to complex
solar farms for power generation, they have an extensive
field of application. For the production of hot water in the
domestic and commercial sector, SWH proved to be
reliable and economically viable. It is shown in the paper,
that the basic elements of SWH are collectors (flat plates
or tubular pipes), connecting pipes, a water tank and
auxiliary heating elements [12]. To avoid damage from
freezing (boiling) and indirect heating of SWHs, a heat
exchanger is used between the reservoir and the
reservoir, or inside the tank. The tank can be installed
either above the collector (thermosyphon system) or at a
lower level (forced circulation). Prapas and others
developed and investigated that the thermal
characteristics of SWS thermosyphons are comparable
with the thermal characteristics of forced circulation
systems [13,14]. The area of the solar collector is about
120,000 m2 [15]. On an industrial scale, the proportion
of electrical energy provided by systems for the
production of hot water from 40 to 80 © C can be very
significant [16]. For developments in water storage
systems, solar collectors are usually separated, and using
a forced circulation system installed at the desired
temperature, is fixed at the collector outlet, which ensures
maximum efficiency and economy [17]. The
mathematical model includes the differential laws of
conservation of mass, momentum, and energy. The
drawback of this model is the absence of environmental
influence. The actual results of the physical process and
the mathematical modeling of the heat transfer process of
the thermal conductivity of walls in a reservoir can lead
to specific values for the calculation of a flat collector
with a thermosyphon [19]. A multidimensional

mathematical model of the influence of the filling factor
of a working fluid is presented in under the stationary
regime of water heating in a thermosyphon. In the
researchers developed a mathematical simulation of a
thermosyphon with a solar collector based on equations
for laminar flows of a compressible ideal gas [20].

In this article, researchers consider a theoretical and
mathematical analysis of a dual-circuit solar installation
with a thermo siphon circulation. For the theoretical and
mathematical analysis, the dual-circuit solar plant was
divided into four blocks: the first block, consisting of a
thermo syphon metering tank and a flat solar collector;
the second unit is a flat solar collector and a heat pump
evaporator; a third unit, a condenser and a storage tank,
and a fourth unit with a heat pump. In the first block, we
obtained the equations of the thermo siphon flow
between the thermo syphon dosing tank and the flat solar
collector. In the second block, the analysis showed that
when a dual-circuit solar system is operating with a heat
pump and solar collector capacitor, the direction of heat
flow between the solar collector and the environment
changes. In the third block, we analyzed the mode of
constant heat consumption from the storage tank, when
hot water was supplied and when it was heated. In the
fourth block, the analysis showed that a new solution for
the development of a heat pump contributes to an
increase in the thermal characteristics of a dual-circuit
solar installation.

2. METHOD OF RESEARCH

Operation functional diagram of the thermal pump with
the solar collectors is shown in the Figure 1 [21]. One of
the main purposes of the system is to provide heating and
hot water supplying. One of the levels or the first cause
of the system development is to use primarily for the
purpose thereof the solar power atmospheric air heat.

To use solar power and heat of atmospheric air

Whatfor? |

To direct the solar

Absorb solar power and heat
collector to the sun

Solar collector

Heat the hear transfer fluid
Solar collector

Provide recycling SUPNS:DN:'!"E; ;’:l;s;::“r:edium
Pump Pipeline

Provide heat

exchanger Absorb heat of thermal conductor

Heat exchanger Evaporator heat pump

To fulfill adiabatic
compression

Raise thermal power
potential Provide electric power
Compressor heat pump

Send thermal conductor

Provide transfer to the tank

Pump Capacitor heat pump

Heat up thermal
conductor to the norm

Tank - battery
In what way ?

Provide heating and hor water supply

Figure 1. Solar installation fast model

To implement the complex of subsequent principal
functions, located on the chart between the upper and
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lower dashed line is one of the system’s aim
achievement. The first function is to absorb, by means of
the solar collector, the solar power and atmospheric air
heat and warm them up with the power of the heat
conductor flowing through it. Further to supply the heat
conductor to the thermal pump evaporator; absorb the
warm of the heat conductor with a cooling medium
(freon) boiling in the evaporator (recirculation process);
concurrently to fulfill the cooling agent adiabatic
contraction with a thermal pump compressor and transfer
it into the liquid state; transfer the liquid and warmed
cooling agent to the condenser; release the cooling agent
heat from the condenser with a heat conductor; direct the
heat conductor to the accumulator tank, return the heat
conductor back to the condenser for reheating
(recirculation process); accumulate thermal power in the
tank; bring the water temperature in the accumulator tank
to the required technological value (electrical heating).

2.1 Substantiation of constructive-technological
scheme

With account of the demand to raise the installation

operational performance there has been elaborated the

principle diagram of the double-circuit solar installation

with a thermal pump (Figure 2).

Hot water

Q.

i
3 /'r

E Cold water

Figure 2. Principle diagram of the double-circuit solar
installation with a thermal pump

The work of the proposed installation is as follows. Solar
energy E with a temperature t0 is absorbed by the solar
collector 1, with a temperature t1, heating the flow of
solar energy passes through a translucent insulating glass
unit 2. The heat received from the solar flow heats the
fluid in the coils 3, which is removed from the collector,
and its place comes cold water from the pipeline with a
valve for cold water 8, and from the siphon of the
dispenser tank 7 there is a constant term siphon
circulation through the circulation pipe 10. Then the
liquid enters the heat pump 11, which consists of
condenser evaporator 12 with temperature t2, in which
the heat exchanger is made in the form of a spiral,
absorbing heat carrier heat, lowers its temperature below
atmospheric air temperature (Q2) by means of a throttling
valve 14, thereby contributing to additional heat
absorption from atmospheric air. The diagram also shows
solar radiation reflected from the translucent coating
(Q0) and the surface of the absorbing panel (Q1). In the
heat pump energy is transferred to the coolant with a
relatively low temperature, to the coolant of the heat

exchanger of the condenser 15 in the form of a spiral with
a higher temperature t2, which increases the area, as well
as the intensity of heat transfer. For the implementation
of such a cycle, a compressor 13 with a temperature t3 is
used with an electric drive 17. Further, through a heat
exchanger of a condenser 15 with a temperature t4, heat
from the heat pump (Q5) is transferred to the tank of the
heat exchanger Q6 with temperature t6 of the heating
system 18. Since the installation has two circuits, it is
equipped with automatic circulation pumps 19 and 20 for
the circulation of fluid between the solar collector and the
evaporator, the condenser and the storage tank. The water
temperature is brought to the required technological level
and is supplied to the consumer for the purpose of hot
water supply and heating

2.2 Nonstationarity of thermal processes in the
collector

Nonstationarity of thermal processes in the collector
takes place due to the daily changes of the solar radiation
intensity, atmospheric air temperature, radiation balance
and other climatic factors. At the stage of designing the
flat-plate solar collectors in order to reach the efficiency
it is necessary to conduct the design analysis of solar hot
water supply systems, as well, to decrease the thermal
losses into the atmosphere, which is possible merely at
joint consideration of optical and thermal properties of
the collector, thermal accumulator and paths of
hydrodynamics. Below there are principal schemes of the
solar water heaters with heat absorbers from the steel
stamp-welded heater and demountable tube-on-sheet
heat receiver.

1 3
A_//—

BB

1 3

g
DE N

5 4 7

a) b) <)

Figure 3. a) flat solar collector; b) section A-A of a flat solar
collector; c) section B-B of a flat solar collector

The main aim is to develop and master the solar stations
production economically feasible in Kazakhstan
conditions using conceptually new solar collectors. To
reach the set aim it is offered to implement a new
approach to the solar collectors design applying modern
materials, by means of which substantially cut (2-3
times) the solar installation cost. Subject matter and
novelty of the method being offered consist in the fact
that alternatively to the known design principle the
collector thereof has a transparent double glass pane 2
with double glass and reduced pressure, as well a
perimetritic frame 1. Wood frame bottom 7 is made of
the 8 mm width plywood and heat insulating film 5 with
foil is glued upon. In the gap between the glass pane and
frame bottom there is laid a flexible thin- walled stainless
goffered tube 4 with a diameter of (11116 mm in the form
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of a spiral. Tube’s ends are attached to inlet and outlet
protruding tubes 6.

Differential equations system represents a mathematical
model of the flat-plate collectors thermal regime, the
solution of which gives a possibility to define the water
flow speed upon thermo-siphon circulation, as well as the
solar installation’s performance efficiency for the given
weather conditions. Change of weather and flow
conditions upon water circulation in the system through
the tank and solar collector at constant flow rate using the
pump, changes the conditions, i.e. the liquid temperature
at the outlet upon subsequent flowing is continuously
changing. The weather function and the system geometry
as well as the natural circulation flow conditions in the
flat-plate solar collectors, caused by thermo siphon
impact are difficult to define. Being offered thermal
model has been modified in such a way that there is
accounted the system capacity and solar collector’s
efficiency coefficient. To solve the thermal regime of
flat-plate solar collectors and their main parameters, as
solar radiation and ambient-temperature, which are
included as factors, shall be taken Fourier series
expansion. This approach makes the method applicable
for the cloudy weather as well, which is proved by
experimental researches. However, the system’s
operating conditions have been maintained on grounds of
the analysis simplicity. To execute the constructive
researches there has been elaborated the program for
computer-aided calculations. The system’s researched
principal parameters: circulation tubes diameter and
equipment placement, tank configuration, ratio of the
solar collector length to the width, of the tank height to
the diameter. Proceeding from the nature of the occurring
phenomena of thermo physical activity in the solar
collector there have been derived following assumptions:
tank temperature to the liquid temperature in the tank, the
tank is broken down into n sections with the uniform
liquid temperature in each; the liquid temperature
distribution along the receiving tank length is linear; the
thermal processes, taking place between the separate
areas of the model are characterized as average values of
heat output factors within each area.

Taking into account the foregoing in the system’s thermal
model we can distinguish the areas: m — solar power
receiving units; n — tank sections; k — conduits; i —
collector’s components. Let’s formulate the energy
conservation law for every thermal model area (fig. 4).

thermo siphon

©

(v the consue

3 _

Figure 4. Model of the solar collector with a thermo siphon

Area m. The thermal flow absorbed from the sun by the
receiver is spent for enthalpy changing C,, % +Cr % +
GoCp(ts —ts) of the receiver and liquid in it
heat output to the elements ., U,(t, —t,) and
the environment U, (¢t,, — t,).

Area nuk. Thermal flow GoC(t3 — tg), received by the

liquid, consumed for changing its enthalpy C5%+
dtn .

Cp—, thermal output to the environment Ur(t, —

tq)-According to the energy conservation law it is

possible to write down for every thermal model’s area the
following:
G()Cp(t3 - tS) = nn[E(Ta) - Uc(tm -

cdte o dty
- nﬁ_ Tﬁ_ p(tp_ta)

ta)] - (1)

dt dt 2
6oCp(ts = t5) = Up(tn = t) + G g = Gy gt @

In compliance with the accepted assumptions we might
assume, that the solar collector’s temperature and that of
the tank equal to the corresponding water temperature.
Therefore, taking into account, that t, =t , tg =ty , tf =

ty the equations take the form:

GOCp(t3 - tS) = Uan[E(Ta) - ncUc(tm - ta)] + (3)

dt dt
+Uy(ty —ta) — Cnd—g‘— CTd—;

dt 4
Golylts = t5) = (G + C) 2+ Ur(tn = to) )

Based on experimental researches, the water average
temperature in the accumulator tank is the same as in the
solar collector within a day, which is true as well for the
tubes temperature if to consider the average temperature
of both tubes. Thereby, accepting that t,,, = t,, = tp and

having excluded G, from the equations (3) and (4), we

obtain the equation for the system’s average
temperature(t,,):
dt
W Uty — ) = nFi E(1a) ©)
W=C,+Cr+Cs+C, (6)
U =r]anUC+UT+Up (7)
However, even this simplication, which allows

calculating the system’s average temperature (t;;)

through solving the equation (5), is the key reason of the
fact that the analysis thereof cannot predict the system’s
temperature and water reverse flow at night. We assume,
that the system at night is disconnected (E=0). Therefore,
the water average temperature in the solar collector and
that of the water in the accumulator tank at night is
specified separately by solving the number of equations:
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dt,, B (8)
WlWJr Ui(ty, —t) =0
dt, B 9)
WZEJr Uy(t,—t,) =0
Wy =W —W,, Wy, =Cs + Css (10)
U1 = U - Uz, UZ = Um (11)

Equations (5), (8) and (9) are not uniform differential
equations with constant coefficients and might be easily
solved by means of integrating factor. Applying the
values of Fourier’s series to E andt,, obtained using the

Fourier analysis, we will have:

N
E=A4,+ Z (A, cosnwb + B, sinmwb) = (12)
n=1
N
=4, + znle[(An — jBy)e/nw9]
al (13)
t, =Co + Z cosnwl + D, sinmwb) =
n=1
N
=C + Z R[(Cp — jDpe/™)j =V — lw = 21/24]
n=1
Solving the equation (5) is following
(14)

tn — %[1 _ ex(9—90)] + toe—x(6—90)+

N _ _
— n —_ 0
Z (xEn — nwF,)(cos nwf — e *0-60))
(x% + nw?)
-x(6-6¢)

n=1
(nwEn — xFn)(sinnwb —e

(x? + n?w?)

sin nwvy)

Where,
—tg Is the system’s initial temperature corresponding to

the period of the system’s filling with fresh water,
—and X = = By = xAp +YCyun=1,..,N

_ NnFy (Ta) (15)

Y F,=XB,+YD;n=1,..,N

To solve the equations (8) and (9) there were used
corresponding values of U and W to calculate X; the
value Y is accepted as equal to the zero in case there is
no sunshine. It follows that the equation (14) shows an
average temperature in the system within all hours, when
there were taken the appropriate constant values and
there was no reverse thermo siphon flow (at night).
3. Results. Theoretical and mathematical analysis of
double-circuit solar installation with thermo
siphon circulation

To carry out the theoretical and mathematical analysis the
installation has been broken down into four units backed

t
by thermal hydraulic circuits: 1S , formed by a thermo

nd
siphon and solar collector; 2 , solar collector and heat
conductor evaporator; 3rd, formed by the heat conductor

th
condenser and accumulator tank, and the 4 , in the
centre, formed by the heat conductor itself.

Inasmuch that the circuits form the sequencing circuit of
units, the heat production maximum might be achieved at
heat production capacity of every separate circuit, and
inside the circuit — at maximum heat production capacity
of every separate element.

3.1 Theoretical analysis of the 18t circuit

The motions by means of natural convections formed in
the result of water heating in the solar collector, produced
by thermo siphon influence to define the liquid flow rate
shall be considered at any moment, and the density in
different points of 1-6 flow circulation. It is assumed that
density distribution in the solar collector and tank is
linear and power losses in the tube are insufficient
comparing to heating in the collector. Following the
description and supposing the quadratic dependence
density-temperature:

D, =At*?+Bt+C (16)

It may be shown, that thermal head, formed by solar
heating, is defined through the equation:

G R %) 24t + BIf(s)

17)

Where f(s) - system function depending on the lot of
parameters: solar collector geometry, tubes location
water height in the tank (H; ), solar collector height and

slope . Let’s write down those dependencies

f(s) = losine + 2B(H, —y) (18)
_ (ts +t3) (19)
nT2

Fe-a

dtn
b [ Wor WO G+ Un(tn — to) 2+ 5]
T 2GoC, "

+f(s)

(20)

the thermo siphon flow rate will be such, that at any
moment the thermal pressure head is balanced by means
of frictional head loss (he) in the circulation flow. Based

on Darcy's equation the value of functional head loss
2
might be represented as follows: hy = g—l;p ,
equals to 0,035 for ordinary flows in the systems, which
are probably the luminary flows. Applying the speed (U

) to the function of mass flow rate (G, ) we will obtain: :

where f
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DGE
length of circulation flow cycle with an internal diameter
dp, depending on the collector configuration and tube
location. For the collector having parallel tubes between
water collector (collectors) and the tube location, it is as

follows
_ (Sly (dp\® dp\°
= () ()

+{ly +H —y+Bx(1 —cosece)} + 1.+ Ly

[ where D is the known invariable: | —effective

(21)

having solved (20) and (21), we obtain the equation of
thermo siphon flow:;

dp® dt, (22)
G03 = - <m> {Wa)( + C(;E + UT(tTL + ta)}

{2At, + B}f (s)
the equation (22) for Gp is three-dimensional.

Determining the values tn and dt, / db the equation (14),

through corresponding substitutions might be defined as
GO. With knowledge of G0 and t applying the equations

(14) and (19) we can also define the temperatures t3 and
tat the tank inlet and outlet. Proceeding from the above

we can define all system’s parameters as well as
performance efficiency of the solar collector and the
overall system.

nd
3.2 Theoretical analysis of the 2 circuit

nd
To solve the theoretical analysis of the 2 circuit 2 let’s
nd
formulate processes total of the 2 circuit, which will be

nd
expressed by the thermal balance equation for the 2
circuit:

dt
(E=Qo— Qu+2Q2) S—Qs=Cy (23)

where:

ty

be the value of the derivative, that is the bigger, it is the
higher than the thermal capacity:
(24)

— = max
dt

Based on (23) there has been drawn up an expanded
equation of the thermal balance:
[E_koE_kl'E(1_k0)+UL(t0+t1)]S_

dt,)
~Wetla=b-(ty =) = 1] = C,—=

(25)

Executed the solution of the equation (10):
There is obtained the dependence of the current

nd
temperature of the 2 circuit heat conductor on the
concomitant factors total:

Conducted checking of (27). Obtained at t1=tg, that meets the
condition. At we obtain the formula for the heat conductor

temperature calculation at the outlet of the 1St circuit under the
set operation mode

The analysis has shown that at operating the double
circuit solar installation with the heat conductor there is
changed the direction of the heat flow between the solar
collector and the environment. Accordingly, the solar
collectors principal components, protecting it from the
environment impact (translucent cover, thermal
insulation, body) lose functional meaning and exert
negative effect on the heat exchange process, detaining
the heat input from atmospheric air. Refusal from the
constructive elements thereof brings to raising the

st
thermal performance of the 1 circuit and decreasing

materials-output ratio and the solar collector’s cost to
50%.

3.3 Theoretical analysis of the 3rd circuit

To solve the theoretical analysis of the 3rd circuit let’s
formulate the processes complex, which will be
expressed by the equation of the circuit’s thermal balance
equation:

(26)

T
de=C1'
0

t1=ty

J [E—koE —ki-E-(1—ko)+ U, (to—t)]-S=Wg,-(@—1) +Wgb- (s —t1)

[Wiwb - (4 — t2)]exp |- HeLon] (27)
— 1L
f1= Wb + Up5)
[E(l—ko—k1+k1'ko)'S—WEL'(a—1)]{1—exp[—@]}+WELb't4+ULS'tO
t=[E_koE_kl'E'(l_ko)_UL'to]'S_WEL'(a+b't4_1) (28)
! Wb + U,S
; md L dts (29)
— C,—total heat capacity of the 2 circuit (includes the Qs+ Qp— Q7 — Qg — Qo =C5 Ir

heat conductor’s heat capacity, material), kkal /degree;
—11 — heat conductor current temperature; t- time, hour.
From (23) it follows, that the heat capacity criterion may

nd
where: C3 — 2 circuit’s heat conductor’s thermal
capacity kkal/ degree; t, — the water current temperature
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in the accumulator tank; Q,;—thermal flow from there
serve source; Q, and Qg -accordingly, the thermal power,
outgoing for hot water supply and heating; Qg —

accumulator tank thermal losses. Through analyzing the
equation (29) we reduced it to an expanded form:

Qs+ P T— Kygr " X7 V7 - (30)

—Vg ng — k36353 (t; —tg) = C3 E

where:

—kyar — consumption simultaneity factor is accepted in
average as equal to 0,7...0,8; n,; and v; — consumption
amount and norm of i consumer of hot water;

—V, — square of the heated premise; ng — heating norm
for a climatic zone.
The output of the solution (30) turned out to be the

dependence of accumulator tank current heat conductor’s
temperature dependence on the factors complex:

Qe+ P3 T — kygr* 277 — Vg g

k303 S3

[1 —exp (_ (kT35 i 53) T)]
Cs

For verification of the formula correctness there used the
values t, in the characteristic points. For instance, at we
obtain the expected value t; = t;.We obtain the formula

for calculating the heat conductor’s temperature at the
outlet for the set operation regime:

31)

t; =tg

Qe+ P3 T — kygr* 277 — Vg g

k303 S3

The analysis has proved that for raising the thermal
performance the most effective is the mode of constant
heat consumption from the accumulator tank at hot water
supply and heating. It promoted the maximum heat
output Qp, and consequently, maintenance of the thermal
conductor’s efficient work, securing the thermal
conductor’s maximum transformation rate . To increase
the thermal performance it is needed as well to secure the
accumulator-tank’s heat insulation.

(32)

t; =tg

rd
3.4 Theoretical analysis of heat pump circuit the 4
circuit
To conduct the theoretical analysis of the thermal pump
let’s formulated the thermal pump’s processes aggregate
by means of the thermal balance equation:

dts  (33)
dt

Qs+ W Mg Mk + Qs — Qs — Qe =Cy *
where:

— Wy " gL+ nx— the power inletting the circuit at the
expense of the work carried out by the compressor;

—Q, — recoverable heat, generated by compressor in the
working process;

—Q; and Qg — accordingly, heat losses through the

condenser’s heat exchanger surface and the energy
output by the thermal pump to the accumulator tank;

—C, — heat capacity of the condenser circuit’s heat
conductor;

—t; — heat conductor’s current temperature at the outlet
from the circuit.

The main element of the circuit being researched is the
thermal pump. Figure 2 shows the scheme of the new
technological solution of the thermal pump in section.
Offered device allows utilizing the heat output by the
compressor in the operation process and simultaneously
cooling.
3.5. Main constructive parameters of the thermal
pump
The main element of the investigated circuit is a heat
pump. Figure 5 shows a diagram of the new technical
solution of the heat pump in the section. The proposed
device allows to utilize the heat emitted by the
compressor during operation and at the same time to cool
it.
Table 1. The main design parameters of the heat pump

2 | o,
8 (( )) [} Hot heat carrier in the system
(( X )) - Q_D‘ hot water supply and heating
4 =Q
S0 — Hot heat carmier from the system
L R J e e e
Primary L
Coolant Q, Q
roma 2 (&2 < »
fatsolr g 1 4
collector s ¢ t »
P
Primary < TH(( L;—;, <))

froma
collector

1 — evaporator heat exchanger; 2 — condenser’s heat exchanger;

3 - compressor; 4 —throttle valve; 5 and 6 — pipes for evaporator

and condenser’s coolant; 7- hole for pipes input into the

condenser body; 8 — netted barrel sheet-divider of air streams

Figure 5. Design scheme of a new technological solution of
thermal pump for double circuit solar station and
principal constructive parameters

Evaporator 1 and condenser 2 heat exchangers are
manufactured in the form of ring-shaped vessels with
internal and external cylindrical vessels with radiuses R,
and R, and installed coaxially one over another,
evaporator from below, condenser from above, forming
the internal cylindrical air cavity. In the evaporator’s heat
exchanger cavity there is located a compressor 3. To
maintain optimal heat exchange from the compressor to
evaporator in the gap between them there is placed the
barrel sheet-divider 8. Inside the ring-shaped vessels

there circulated heat conductors of the 1St and an circuits,
taking off the heat from the tubes 5 and 6. Thus, a
compressor actually is inside the «cold pot», the walls of
which are cooled with the pipes’ coolant. 5. In the result
the heat, yielded by a compressor is absorbed by the heat
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conductor evaporator, increasing its performance, and a
compressor is simultaneously cooled without a
ventilator. Based on the equation (33) there was compiled
the balance’s expanded equation:

Q3+ Wgp g, M + Q3 (1 —ngy) —
—kry - Sy (ts—tg) —Wg, - [a—b- (ts—t;)] =
dtg
dr

(34)

=C2

where:
—tg — ambient temperature;

—Kkr, — thermal transmission factor of the thermal

conductor’s heat exchanger thermal insulation of the
thermal conductor, kkal/degree.

Derived the dependence of the thermal conductor
temperature:

ts

krySy - tg + [Qs + Weine + Q3 - (1 — ) + We (1 —ng) — Wga — Wgy - b - tq] - {1 —exp (_

for the cooling ventilator drive, promotes the double
circuit solar station’s thermal performance rise.
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ABSTRACT

Shopping malls are not only perceived as a place for shopping by customers; but also a place for resting, having fun, and socializing.
Given the increase in the number of shopping malls and the necessity in order to meet the expectation of customers, innovative
studies are needed. In this study, a novel model is developed by setting shopping malls performance criteria to contribute to the
progress and performance measurement of shopping malls, which have a significant place in our daily lives. Each criterion is set
after interviews with experts who are outstanding in their fields and have management experience in the mall sector. To the best of
our knowledge, this study is the first in the literature in terms of presenting a novel model to evaluate performance of shopping
malls. Also, this study aims to fill the gap in the literature in this field and make a positive contribution to the shopping mall sector
by its original and comprehensive (for all areas in this sector) criterias.

Keywords: Shopping malls, performance measurement, performance criteria.

Alisveris Merkezleri Icin Yeni Performans Kriterleri
Gelistirme Onerisi

(0V4

Aligveris merkezleri sadece bir aligveris mekani olarak degil, tiiketiciler tarafindan dinlenme, eglenme ve sosyallesme mekani
olarakta algilanmaktadir. Aligveris merkezleri sayisindaki artig ve tiiketici beklentilerini kargilayabilme gerekliligi ile birlikte
yenilik¢i ¢aligmalara ihtiya¢ duyulmaktadir. Bu ¢aligmada, hayatimizda 6nemli yeri olan aligveris merkezlerinin gelisimine ve
performans Ol¢iimiine katki yapilmasi amaciyla aligveris merkezi performans kriterleri belirlenerek, bir model Onerisi
gelistirilmistir. Belirlenen kriterlerin her biri kendi alaninda etkin ve aligveris merkezi sektoriinde yoneticilik yapmus kisilerle
gortisiilerek belirlenmistir. Bildigimiz kadariyla bu ¢alisma, aligveris merkezlerinin performansini degerlendirmek igin yeni bir
model sunmak agisindan literatiirdeki ilk ¢alismadir. Bu ¢alisma ile, sunulan kriterlerin aligveris merkezi sektorii igin tiim alanlari
kapsayici ve alaninda 6zgiin olmasi sebebiyle, bu alanda literatiirdeki eksikligin giderilmesi ve aligveris merkezi sektortine olumlu
katki yapmasi hedeflenmektedir.

Anahtar Kelimeler: Aligveris merkezleri, performans él¢iimii, performans kriterleri.

into use in 1988. Following the 2000s, the numbers of
chain stores, entertainment centers, and showrooms have
increased. This progress also spread to Anatolia. Plenty
of malls have been constructed since 1988. The
increasing numbers of shopping malls by year and city,
according to Turkey’s Council of Shopping Centers 2017
report, are specified below. The development of the
Shopping Centers and Investors Association, by city and
year, according to the activity report of 2017, is given
below [Fig.1] and [Fig.2]. As malls’ numbers have
increased, the competition is rising. This competition
pushes executives to follow progression closely and to
develop successful administrative and advertising
strategies to attract target customers. It may be said that,
related to increasing numbers of shopping malls and
tougher competition, innovative developments/solutions,
which satisfy modern needs, are required. Diversity in
social activities responding to customer needs, originality

1. INTRODUCTION

As people’s traditional consumption habits have
changed, so too have shopping places. Shopping places
have taken different forms and shapes in the past; the
shopping mall is the most recent form. The concept of the
shopping mall is of big structures in which different
needs are met, that include plenty of shopping stores, are
considered as life and entertainment centers, and located
in the city center or periphery. We can say that Western-
style shopping styles and behaviors have become
widespread in Turkey. Shopping malls are no longer
visited for only shopping, but have been turned into
places also hosting social, cultural, and entertaining
activities. And also, shopping malls are dynamic
environment, in which shops change, promotions appear
and disappear continuously [1]. Turkey’s first mall was
Galleria in the Atakoy district of Istanbul, which came
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in architecture, and valuing children are the leading
factors.

495



Emine Elif NEBATI, Ismail EKMEKCI /POLITEKNIK DERGISI, Politeknik Dergisi,2019;22(2):495-507

(GLa Million m2)

12000000

10000000

BOOOOOD

6.533.481

5.800.381

N
m
g
~
g
A

=]

ir
8 B :osa0

2010

] 3
" a5

7.614.629

2011

Number of shopping mall

9.247.004
10.018.157
10.793.523
11.131.714

B.228.802

- =~ "
i & 2 2 E a
b4 a A B B a

2012 2013 2014 2015 2016 07

Fig.1. Development of malls by year, council of shopping centers ( AYD report,2017)

. 0-50m?
51-100 m?*
101-150 m?
151 mi+

Fig.2. Development of malls by city, council of shopping centers (AYD report,2017)

In this study, we present a novel performance index
model for shopping mall. In this model, we use following
main criteria; like green building, investor, tenant,
visitor, turn-over, and social life, and secondary criteria
related to each, and with the help of literature research
and expert opinions. The rest of the paper organized as
follows; in section 2 we conducted a comprehensive
literature review, in section 3; we presented the
performance index model for shopping centers. And
finally we addressed conclusion and discussion in the last
section

2. LITERATURE REVIEW

The rapid increase in the number of shopping malls that
has a crucial place in people’s daily lives necessitates
examination of these centers’ positive and negative
effects scientifically. It is observed that plenty of studies
discussing different sides of shopping malls have been
published in the national and international literature.
Some of these studies on malls are summarized below.

Kirk L. Wakefield and Julie Baker studied (1998)
individuals’ desire/motivation to spend time in a mall,
and three factors that affect shopping enthusiasm: tenant
diversity, the atmosphere of the mall, and participation in
shopping [3]. E. Cengiz and B. Ozden, (2002) examined
buying behavior and conduct research on factors that
influence visitors and tenants in preferring the shopping
mall. In the study, researchers discuss visitors’ reasons
for preference, what characteristics of malls are liked by
customers, and what services provided by the mall are
liked and used [4,5]. Kristy E. Reynolds and others’
(2002) compared traditional malls and factory outlets’
shopper typologies and discussed implications for retail
strategy [6]. Ibicioglu’s (2005) research aimed to
examine visitors” demographic characteristics and
visitors’ behaviors. He suggests that malls need to
develop new strategies and alternatives for middle-aged
and elderly adults. This study, which is assisted by
statistical techniques, demonstrates that there is a strong
tie between education level and going out/having fun,
income level, and visiting frequency [5,7]. Akat and
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others’ (2006) made a study regarding buying behaviors
of customers’ in a mall in Bursa. In the study, a
correlation is observed between customers’ age and
shopping frequency, education level, and paying methods
[8]. In his research, Muhammed Ismail el-Adly (2006)
emphasizes that to enhance the development of malls,
more academic research is needed. His study aims to
evaluate malls according to different shopper typologies.
He concludes that different locations and designs are
necessary for different typologies [9]. Ilter and others’
(2009) aimed to classify the high school students’
expectations regarding malls with the Kano model. It is
defended that, to attract youngsters, mall administrations
need to make restaurants, cafes, and movie theaters
attractive; as a result, youngsters would spend much
more time in malls. This study shows that, with the help
of sustainable originality and fulfilling expectations
permanently, customer satisfaction would increase
[5,10]. Jean Charles Chebat and other’s (2010)
approached branding in the retail sector. This study
sought an answer to the question of how ‘the best mall
image’ is constructed; in this respect evaluation factors,
like store atmosphere, price, and advertising, are
discussed [11]. Hiilya Bakirtag (2010) investigated the
effect of in-store atmosphere on consumption emotions.
The method of the study is based on the hypothesis tests
developed with the data obtained from the consumers
with an improved questionnaire [12]. Asiltiirk (2010)
emphasized that the positioning of shopping malls in the
market considering education, age, income and social
class is important in terms of the integrity of the
businesses and their long-term sustainability [ 13]. Koksal
and Emirza (2011) dealt with the site selection of retail
stores in the mall and on the high streets, and mall
managers’ approaches. They also made a suggestion
about site selection for new retail stores. The study
concludes that high rents and prices are needed to be
reduced in malls; and issues like the parking lot, cleaning,
and social activities are needed to be enhanced in high
street stores [5,14]. Celik, (2011) defended that
customers’ expected service quality is higher than
perceived service quality in malls, and that this gap
affects customer satisfaction negatively. The study
concludes that retailing businesses’ service and customer
care are sometimes inadequate [5,15]. Akinci (2013)
examined customer behaviors of teenagers (13-19 age
group) with 104 subjects. The study concludes that going
to malls are the most preferred leisure activity, and some
factors like location of the mall and its distance to the
subject’s home are the leading agents teenagers mall
choices [16]. Yuzhen Shang and others (2016)
investigated the indoor air quality during the summer in
Western China using subjective survey and field
measurement. The research makes a contribution to
knowledge regarding discomfort in malls by
investigating air conditioning systems within the stores
and contaminants [17]. Narjes Haj-Salem and others
(2016) researched what factors drive mall loyalty of male
and female shoppers. For females, mall atmosphere,

design, and perceived service quality are determinants of
mall loyalty. For males, the mall atmosphere and prices
are the primary factors. This study aims to explain how
service and product quality, prices, and mall atmosphere
affect the mall loyalty of male and female shoppers [18].
Amit Mittal and Deepika Jhamb (2016) discussed
determinants of shopping mall attractiveness. They found
that merchandising, variety, milieu, and convenience are
these determinants. This defends the idea of a close
relation between motivations of Indian shoppers and the
rest of the world [19]. Bikrant Kesari and Sunil Atulkar
(2016) explained the positive correlation between mall
shoppers’ satisfaction and shopping values. The study
aims to help mall owners to acquire a competitive
advantage, attract new customers, and keep their
profitable customers by enhancing customer satisfaction
[20]. Johan Anselmsson (2016) examined the positive
relation of developments in the mall sector to boosted
sales figures and to visiting frequency. Moreover, he is
seeking for an answer as to how to compete with online
shopping, which has increased in the last decade [21].
Muhammed Ismail el-Adly and Riyad Eid (2016)
researched perceived value, shopping atmosphere,
customer satisfaction, and loyalty in UAE by structural
equation modeling. Their findings defend that mall
atmosphere has a positive impact on customer
satisfaction [22]. I¢al ve Aliagaoglu (2016) reported that
there was a significant relationship between the marital
status of the consumers, their education and the
frequency of visiting shopping malls [23]. Wessam el-
Abd and others (2017) investigated the design of roof
windows in the context of daylight performance. This
paper suggests new designs to optimize daylight
performance , and also gives a shopping mall from Cairo
as an example [24]. Gopal Das and Geetika Varshneya
(2017) proposed a model that helps to better understand
customers’ feelings in malls. This model includes the
mall atmosphere, customers’ feelings, and reactions [25].
As it is seen in the above-mentioned studies, there is no
peer to the holistic model we propose, which covers
every issue regarding malls. This research aims to fill the
gap in the literature.

3. THE PROPOSED PERFORMANCE CRITERIAS

Shopping malls, are a cluster of independent shops,
planned and developed by one or several entities, with a
common objective [1]. Shopping malls, which are
increasing in number day-by-day, give customers
opportunities to have fun in addition to the shopping
service. In this competitive atmosphere, performance
evaluation has grown in importance. Decision making is
one of the most important activities in the business world.
Managers need accurate and reliable estimates for
decisions. In doing so, it is better to take scientific
measures into  consideration [26]. Performance
measurement is one of the methods that can be used when
making decisions. The most significant phase of the
performance evaluation is setting proper criteria. Many
criteria are taken into account in the malls’ performance
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evaluation. The model we suggest for the mall sector has
140 criteria, of which six are main criteria and 134 sub-
criteria. Literature about the sector is reviewed before
setting these criteria. Following the review, issues not
being covered in the literature and prominent concepts
are decided. We put the finishing touches to criteria by
interviewing with experts in the mall sector.

In the hierarchical structure model, the main criteria are
specified at Level 1, and sub-criteria are specified at
Levels 2, 3, and 4. Main criteria of the mall performance
index are in Fig. 3. Sub-criteria diagram of each main
criterion is given in the examples.

Green buildings are the product of rising sustainability
and innovation trends in the real estate sector. These
buildings allow us to live more healthily. In order to
obtain higher standards they provide more efficiency,
health, and comfort, and less pollution. As for the site
selection of the structure, in all phases, these nature-
friendly and economical buildings are compatible with
the life cycle, suitable for nature, constructed by eco-
friendly materials, and their energy needs are supplied by
energy-efficient, renewable resources. The increasing
popularity of green buildings over recent decades obliges
us to take related concepts into account; the descriptive
chart and hierarchical structure of criteria for green
buildings in our model are specified in Fig.4 and Table 1.

SHOPPING MALL
PERFORMANCE
INDEX
Green Building Investor sitor Performance Tenant Mall Turnover Social life
Performance Index Performance Index Index Performance Index Performance Index Performance Index

Fig.3 Hierarchical structure of shopping mall performance index main criteria

3.1. Green building performance index
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Table 1. The explanations of criteria determined in green

building performance index

Level 3
Criterion 2

CRITERIA

DEFINITIONS OF
CRITERIAS

Level 3
Criterion 3

Level 1
Criterion 1

Level 2
Criterion 1

Level 2
Criterion 2

Level 2
Criterion 3

Level 2
Criterion 4

Level 2
Criterion 5

Level 2
Criterion 6

Level 2
Criterion 7

Level 3
Criterion 1

Green Building
Performance
Index

Efficiency and
Activity

Innovation

Land and
Environment

Use of Material

Mall Interior
Space Life
Quality

Waste and
Recycling

Building
Management

Water Efficiency

The criterion that determines
the importance of green
building concept for
shopping mall performance
index

The criterion that determines
the importance of water and
energy efficiency for green
building performance

The criterion that determines
the importance of activities
such as; having firsts,
offering differentiating
services, renewal in interior
and exterior design in green
building performance

The criterion that determines
the importance of land
structure, transportation
facilities in green building
performance

The criterion that determines
the importance of domestic
materials,environmentally
friendly  materials  and
recyclable materials in green
building performance

The criterion that determines
the importance of activities in
green building performance
that may affect the basic
quality of life in shopping
mall such as; quality of
indoor ventilation, quality of
daylight utilization

The criterion that determines
the importance of waste and
waste collection, usage of
recycled material in green
building performance

The criterion that determines
the importance of building
management in the shopping
mall for green building
performance

The criterion that determines
the importance of water use
efficiency in green building
performance

Level 3
Criterion 4

Level 3
Criterion 5

Level 3
Criterion 6

Level 3
Criterion 7

Level 3
Criterion 8

Level 3
Criterion 9

Level 3

Criterion 10

Level 3

Criterion 11

Level 3

Criterion 12

499

Energy
Efficiency

Proximity To
Urban
Transportation
Vehicles

Land and Road
Structure

Domestic
Material

Eco-Friendly
Material

Obtainable
Material

Mall Interior Air
Quality

Mall Interior
Utilization of
Daylight

Collection Area
Of Waste And
Residue

Utilization of
Recycled
Material

Marketing

The criterion that determines
the importance of energy use
efficiency in green building
performance

The criterion that determines
the importance of shopping
mall location, proximity to
public transport, in green
building performance

The criterion that determines
the importance of shopping
center land and road structure
suitability in green building
performance

The criterion that determines
the importance of the use of
local materials in shopping
mall for green building
performance

The criterion that determines
the importance of sing
environmentally friendly
materials in shopping mall
for green building
performance

The criterion that determines
the importance of a product
or material that previously
used inside or outside the
shopping mall

The criterion that determines
the importance of ventilation
in shops and places in
shopping mall for green
building performance

The criterion that determines
the importance of sunlight in
shopping mall ~ for green
building performance

The criterion that determines
the importance of waste and
residual landing points in
shopping mall for green
building performance

The criterion that determines
the importance of use of
recycled materials in the
shopping mall for green
building performance

The criterion that determines
the importance of marketing
activities in shopping mall
for green building
performance
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Level 3
Criterion 13

Level 3
Criterion 14

Level 4
Criterion 1

Level 4
Criterion 2

Level 4
Criterion 3

Level 4
Criterion 4

Level 4
Criterion 5

Level 4
Criterion 6

Level 4
Criterion 7

Level 4
Criterion 8

Level 4
Criterion 9

Cleaning-Repair
Maintenance

Occupational
Health And
Safety

Rainwater
Collection
Systems

Water Basis of
Green Roof

Gray Water

Wastewater
Treatment

Intelligent
Building

Heat Pump

Renewable
Energy

Trigeneration
and
Cogeneration

Energy Basis of
Green Roof

The criterion that determines
the importance of activities

of cleaning, repair,
maintenance in  shopping
mall for green building
performance

The criterion that determines
the importance of the
activities of occupational
health and safety in shopping
mall for green building
performance

The criterion that determines

the importance of using
rainwater harvesting system
in water efficiency, for green
building performance

The criterion that determines
the importance of using green
roof systems in  water
efficiency for green building
performance

The criterion that determines
the importance of using gray
water system in  water
efficiency for green building
performance

The criterion that determines
the importance of using gray
water system in  water
efficiency for green building
performance

The criterion that determines
the importance of using
mtelligent building system in
energy efficiency for green
building performance

The criterion that determines
the importance of using heat
pump system in energy
efficiency for green building
performance

The criterion that determines
the importance of using
renewable energy system in
energy efficiency for green
building performance

The criterion that determines

the importance of using
trigeneration and
cogeneration ~ system in

energy efficiency for green
building performance

The criterion that determines
the importance of using green
roofing system in energy
efficiency for green building
performance
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3.2. Investor performance index

Mall investors can be defined as intermediaries providing
a good shopping experience, creating added value in the
retail sector, contributing to the improvement of the

sector,

and constructing world-class

intertwine with cities.
hierarchical structure of criteria, taking into account
concepts regarding the mall sector that are emphasized
by investors, are specified in Fig.5 and Table 2.
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Table 2. The explanations of criteria determined in mnvestor

performance index

CRITERIA DEFINITIONS OF CRITERIA
Level 1 Investor The criterion that determines the
Criterion  Performance importance of green building
2 Index concept in  shopping mall
performance
Level 2 Shopping Mall The criterion that determines the
Criterion ~ Category importance of shopping mall
8 classified as entertainment-based,
open-air in investor performance
Level 2 Brand The criterion that determines the
Criterion  Composition importance of the brand structure
9 to be formed in the shopping mall
in investor performance
Level 2 Shopping Mall The criterion that determines the
Criterion  Location importance of shopping mall
10 location in investor performance
Level 2 Targeted The criterion that determines the
Criterion  Customer importance of visitor group which
11 targeted to come to the shopping
mall in investor performance
Level 2 Population of The criterion that determines the
Criterion  The Region importance of demographics in
12 shopping mall environment in
investor performance
Level 3 Entertainment The criterion that determines the
Criterion  Focused significance of the entertainment-
15 Shopping Mall themed shopping center in the

context of investor performance



A PROPOSAL OF NOVEL PERFORMANCE CRITERIAS DEVELOPMENT FOR SHOPPING M... Politeknik Dergisi, 2019; 22 (2) : 495-507

Level 3
Criterion
16
Level 3
Criterion
17
Level 3
Criterion
18
Level 3
Criterion
19
Level 3
Criterion
20
Level 3
Criterion
22
Level 3
Criterion
23
Level 3
Criterion
24
Level 3
Criterion
25
Level 3
Criterion
26

and
Roof

Open
Closed
Mall

Outlet

Accessibility
To Shopping
Center

Competition
With the
Environment

A Social
Economic
Status Group

C1 Social
Economic
Status Group

C2 Social
Economic
Status Group

Age

Gender

Income Level

The criterion that determines the
importance of fully closed or
partially open shopping mall
structures in investor performance

The criterion that determines the
importance of the shopping center
where investors mainly sell end-
of-season products in investor
performance

The criterion that determines the
importance  of transport
alternatives being very
comfortable and convenient to the
shopping center in investor
performance

The criterion that determines the
importance of having different
shopping center options in the
targeted region in investor
performance

The criterion that determines the
importance of the top class Socio-
Economic Status group in investor
performance. The social elite
consists of noble families, wealth
from at least 2-3 generations,
major industrialists,  senior
managers and famous self-
employed individuals.

The criterion that determines the
importance of the socio-economic
status group, which is above the
level of the middle, in investor

performance. This group of
professional professionals and
managers together with C2

constitute a large part of the
country.

The criterion that determines the
importance of Socio-Economic
Status group under the medium
level in investor performance.
Officers, workers, small business
owners (trades).

The criterion that determines the
importance of the average age of
the target region in investor
performance

The criterion that determines the
importance of gender status in the
targeted region to investor
performance

The criterion that determines the
importance of the income
situation in the targeted region to
investor performance

Level 3 Population The criterion that determines the

Criterion  Growth importance  of the  future

27 Prediction population  situation in  the
targeted region in investor
performance

3.3. Visitor performance index

When we consider the growing number of malls and
competition, businesses need to satisfy target customers

to increase attraction and

retention. Malls, which turn

into social centers, are no longer places for shopping
only; hence, they ought to offer entertainment, new
experiences, and a broad range of products and services.
Moreover, they need to be places that have a modern and
attractive architecture, as well as open and green spaces.
The descriptive chart and hierarchical structure of

criteria, which are set in

the light of mall visitors’

expectations, are specified in Fig.6 and Table 3.

Table 3. The explanations of criteria determined in visitor

performance index

CRITERION DEFINITIONS OF
CRITERION
Level 1 Visitor The criterion determining the
Criterion3 Performance importance of customers in
Index shopping mall performance
Level 2 Expectations of The criterion determining the
Criterion  Visitor importance of visitor
13 expectations in visitor
performance
Level 2 Satisfaction of  The criterion determining the
Criterion  Visitor importance of visitor
14 satisfaction in visitor
performance
Level 2 Loyalty of The criterion determining the
Criterion  Visitor importance of loyal visitor
15 mass in visitor performance
Level 2 Profile Of The criterion determining the
Criterion  Visitor importance of kind of visitor
16 which coming to the shopping
mall
Level 3 Outdoor and The criterion determining the
Criterion  Green Area importance of open and green
28 Expectation area visits for visitors
Level 3 Social Activity The criterion determining the
Criterion  Expectation importance of social activities
29 for visitors
Level 3 Health and The criterion determining the
Criterion  Fitness Service importance of health-sport
30 Expectation service areas for visitors
Level 3 Physical The criterion determining the
Criterion  Elements importance of areas such as
31 Expectation ventilation, lighting, cleaning,

501
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Level 3 Diversity in The criterion determining the
Criterion  Service significance of the venues (eg
33 VIP in the cinema) that
differentiate  the  standard
service offered at each
shopping mall
Level 3 Location The criterion determining the
Criterion importance of shopping mall
34 location for visitor
Level 3 Staff The criterion determining the
Criterion importance of shopping mall
35 and store staff for visitors
Level 3 Interior- The criterion determining the
Criterion  Exterior Design importance of interior and
36 exterior designs in shopping
mall for visitors
Level 3 Customer and The criterion determining the
Criterion Shopping importance of prestige in
37 Mall Prestige shopping center and importance of
Relation harmony between the targeted
customer and incoming customers
Level 3 Financial The criterion that determines the
Criterion Expenditure importance of the client's financial
38 Capacity expenditure capacity in the
shopping mall in visitor
performance
Level 3 Time Spent at In visitor loyalty, The criterion
Criterion Mall that determines the importance of
39 the time that the customer spends
in shopping mall
Level 3 Frequency of In visitor loyalty, The criterion
Criterion Going To Mall that determines the importance of
40 the frequency of the customer
going to the shopping mall
Level 3 Tourist Visitor The criterion determining the
Criterion importance of the number of
41 tourists in arriving visitors
Level 3 Child Visitor The criterion determining the
Criterion importance of the number of
42 children in arriving visitors
Level 3 Male-Female The criterion determining the
Criterion Visitor importance of the number of
43 adults (male and female) in
arriving visitors
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Fig.6. Hierarchical structure of visitor performance imndex

3.4. Tenant performance index

Tenants are intermediaries who establish the connection
between producers of goods and end consumers.
Businesses focus their attention on some criteria to
maintain and increase their market share; therefore they
need to enhance products, services, and processes in
consideration of these criteria to meet customers’
expectations. Definitions and hierarchical structure of the
main and the subcriteria, having an impact on tenants’
performance in malls, are specified in Fig.7 and Table
Table 4. The explanations of criteria determined in tenant
performance imndex

CRITERIA DEFINITIONS OF CRITERIA
Level 1 Tenant The criterion determining the
Criterion 4 Performance importance of existing tenants in
Index shopping mall performance

Level 2 Tenant The criterion determining the

Criterion 17 Expectations importance of tenants'
expectations in tenant
performance

Level 2 Satisfaction of The criterion determining the

Criterion 18  Tenant importance of The criterion for
measuring the satisfaction of
tenants

Level 2 Performance of The criterion determining the

Criterion 19 Store importance of The criterion for
measuring tenants' store
performance

Level 2 Type The criterion determining the

Criterion 20  of Tenant importance of the tenant's
performance of being a national,
local or international tenant

Level 3 Physical The criterion determining the

Criterion 44  Conditions importance of physical properties
of the shopping center, such as
ventilation, cleaning, lighting, etc.

Level 3 Campaigns and The criterion determining the

Criterion 45  Ads importance of campaigns and
advertisements by the mall
management in tenant
performance

Level 3 Request of The criterion determining the

Criterion 46 Tourist Visitor importance of number of tourist
visitors in tenant performance

Level 3 The Right Brand  For the tenant, the criterion

Criterion 47  Composition indicating the importance of being
in the right brand mix

Level 3 Square Meter The criterion determining the

Criterion 48 Leasable Area importance of the square meter
leasable  area  for  tenant
satisfaction

Level 3 Mall For tenant satisfaction, the

Criterion 49  Management criterion that determines the
importance of the mall managers
and management policies

Level 3 Rental Terms The criterion determining the

Criterion 50 importance of rental conditions for
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3.5. Mall turnover performance index

Level 3 Storefront The criterion that determines the
Criterion 51 Lighting :;“%%T:?gftgaﬁt‘f shop window  Not all malls show the same performance. Some malls
y overtake their rivals in terms of turnover and efficiency.
Level 3 Staff The criterion determining the The aim to reach high turnovers constitutes the majority
Criterion 52 importance of staff in store  of the workload. The role turnover plays in malls changes
performance for tenant vis-a-vis category, time, and brand. The descriptive chart
Level 3 Store Location The criterion determining the and hierarchical structure of the criteria for turnover are
Criterion 53 importance of store location for  specified in Fig.8 and Table 5.
store performance Table 5. The explanations of criteria determined in mall
Level 3 Product Diversity  The criterion determining the turnover performance index
Criterion 54 importance of product variety for
store performance CRITERION DEFINITIONS OF
CRITERIA
Level 3 Domestic Brand The criterion determining the . .
Criterion 55  Tenants importance of local tenants in Level 1 Mall Turnover  The criterion determining the
tenant performance Criterion 5  Performance importance of turnover concept
Index in shopping mall performance
Level 3 National Brand The criterion determining the o o
Criterion 56 Tenants importance of national tenants in Level 2 Category of The criterion determining the
tenant performance Criterion Stores for importance of category
21 Turnover classification in turnover
Level 3 International The criterion determining the performance
Criterion 57 Brand Tenants importance  of  international L .
tenants in tenant performance Level 2 Brand The criterion that determines
Criterion 22 Composition which brand mix is important at
Level 4 Number of The criterion determining the With Respect To  the shopping mall: e.g. national,
Criterion 10  Personal importance of the number of Turnover international, local
personnel in store performance o n
Level 2 Turnover The criterion determining the
Level 4 Staff Training Criterion determining the Criterion 23 Classification importance  of  the  time-
Criterion 11  and Experience  importance of educated and With Time dependent  changes in the
experienced personnel for store shopping mall e.g. weekday,
performance weekend, holiday, discount
Tenant
Performance Index
Expectation Of Satisfaction Of Performance Of Type
Tenant Tenant Store Of Tenant
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Fig 7. Hierarchical structure of tenant performance index
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3.6. Social life performance index Level 3
Transforming economic institutions and global ~Criterion 74
developments have made shopping malls an integral part
of modern city life in Turkey since the 1980s. In addition  Level 3
to shopping, people go to malls in the summer months to ~ Criterion 75
avoid the heat, and in winter months to avoid the cold.
Moreover, malls have become a hub for people to [evel3
socialize, to participate in sports activities, to spend time ~ Criterion 76
with their children, to meet their friends, as well as to
enjoy cultural activities such as theatre, cinema, and
exhibition. Some main and sub-criteria are set in this
context of malls’ changing social role. Definitions and Level 3
hierarchical structure of the criteria are specified in Fig.9 ~ riterion 77
and Table 6.
Table 6. The explanations of criteria determined in social life
performance index Level 3
Criterion 78
CRITERION DEFINITIONS OF
CRITERION
Level 1 Social Life The criterion determining
Criterion Performance Index the importance of social life
6 in shopping center
performance
Level 2 Social Areas The criterion determining Level 3
Criterion the importance of places Criterion 79
24 (cinema, theater, concert)
that offer social life
opportunities in the
shopping center
. Level 4
Level 2 Outdoor And Green  For the shopping mall's Criterion 21
Criterion 25  Areas social life, the criterion
determining the importance
of the open-green areas in
shopping mall Level 4
L . . Criterion 22
Level 2 Originality The criterion determining
Criterion 26 the importance of shopping
center to have different
structures and services Level 4
compared to other shopping Criterion 23
malls in social life
Level 2 Number Of For the shopping center's
Criterion 27  Activity social life, the criterion
determining the importance Level 4
of activity numbers in Criterion 24
shopping mall
Level 2 Building Design The criterion determining
Criterion 28 the importance of the design Level 4
inside and outside of the Criterion 25
shopping center and stores
Level 3 Entertainm The criterion determining
Criterion 72  ent And the importance of areas Level 4
education related to recreation and Criterion 26
education in social areas.
Level 3 Fields of Sports And  The criterion determining
Criterion 73  Recreational the importance of areas
related to Fields of sports Level 4
and recreational in social Criterion 27

areas.

Art

Game Halls

Social-cultural
Activities

Educational
Activities

Historical Building
Structure

Modern Building
Structure

0-6 Age

6-15 Age

15-18+ Age

Social-Cultural
Activities For Kids

Social-Cultural
Activities For Adults

Educational
Activities For Kids

Educational
Activities For Adults

The criterion determining
the importance of areas
related to art in social areas.

The criterion determining
the importance of game
halls in social areas.

The criterion determining
the importance of number of
social and cultural activities
in shopping center social
life

The criterion determining
the importance of the
number of Educational
activities in shopping center
social life

For shopping mall social
life, The criterion
determining the importance
of options, such as making
it inspired by a historical
structure or creating
historical bazaar concepts in
a part of shopping center or
making the shopping center
as a historical building

The criterion determining
the significance of the
construction of shopping
centers as modern
constructions in social life

The criterion determining
the importance of game
halls which belonging to 0-
6 age group in social areas

The criterion determining
the importance of game
halls which belonging to 6-
15 age group in social areas

The criterion determining
the importance of game
halls which belonging to
15-18+ age group in social
areas

The criterion determining
the importance of social and
cultural activity numbers for
children in social areas

The criterion determining
the importance of social and
cultural activity numbers for
adults in social areas

The criterion determining
the importance of
educational activity
numbers for children in
social areas

The criterion determining
the importance of
educational activity
numbers for adults in social
areas
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Fig.9. Hierarchical structure of social life performance index

4. CONCLUSION

Due to the highly competitive environment between
business, the managers of the customer-centric
companies try to attract more customers and to develop a
lasting relationship with profitable customers [27, 28].
Also, competition is getting tougher in the mall sector.
Malls that are managed well, enhance themselves with
original and innovative methods, give importance to
social life, and understand the customers’ needs and
provide solutions, overtake their competitors in this race.
Therefore, making a proper analysis, comprehending
supply and demand correctly, and setting up a project is
more crucial now. While new generation malls are
introduced, old ones renew themselves as needed.
Shopping malls are no longer places that people go for
shopping only; they have been turned into something that
symbolizes a lifestyle with their architecture, services,
social spaces, and activities. In the new era, only malls
that are managed well, promote themselves with the right
concept, and adapt themselves to the new normal will
survive. In this study, six main criteria and 134 sub-
criteria of them, which enable us to evaluate performance
measurement in the mall sector, are set with the
hierarchical structure. All of the main criteria in the
proposed criterias are effective factors that play a role in
evaluating the performance of shopping centers.

In this study, a model is developed by deciding
significant concepts and issues of shopping malls. Before
setting the criteria, crucial sectoral concepts in literature
are reviewed, and criteria are examined in detail. Since
then, the present author has interviewed five senior
experts from the mall sector and revisited the research. It
is hoped that the performance of shopping centers, which
are important structures in the retail sector, together with

the model and criteria presented in the study, will allow
for a more effective and easy evaluation. In addition, the
study has a serious potential to make a positive
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oz

Tekstil enddistrisi, tiiketici taleplerini karsilayabilmek icin yeni teknolojiler lizerine arastirmalar yapmaktadir. Giintimiizde, iiretim,
terbiye ve kaplama islemleri esnasinda nanokompozit yapilar elde edilmesiyle tekstillere ¢ok islevlilik veya 6zel islevler saglanmasi
icin nanomalzeme uygulamalari 6ne ¢ikmaktadir. Bu ¢aligmada, 6zellikleri iyilestirilmis fonksiyonellestirilmis nanokompozit
kumas elde edilmesi amaciyla, farkli pamuklu kumasglarin yapisina terbiye teknikleri yoluyla nano 6l¢ekli pargaciklardan nanokiller
katilmistir. Testlerin analiz edilmesinden sonra, nanokil ile islem gérmiis pamuklu kumaglarin islem gérmemis kumaglara gore
daha iyi alev geciktiricilik 6zelligine ve 1s1l kararliliga sahip oldugu ve yikamadan sonra islevselligin devamliligimin saglandigi
ayni zamanda da iyilestirilmis kopma mukavemetine sahip oldugu gozlenmistir.

Anahtar Kelimeler: Pamuklu kumas, nanokil katkisi, alev geciktiricilik, ytkamaya dayamim, yanma davranisi.

Functionalization of Textile Materials with Nanoclay
Incorporation for Improved Characteristics

ABSTRACT

Textile industry has been seeking for new technologies to meet consumer demands. Nowadays, nanomaterial applications during
manufacturing, finishing and coating processes to produce nanocomposite structures has come into prominence for acquiring
multifunctionality or special functions for textiles. In the current study, nano-scaled particles namely nanoclays were incorporated
in the structure of different cotton fabrics via finishing techniques to develop functionalized nanocomposite fabric with improved
characteristics. After analyzing the tests, cotton fabrics treated with nanoclay were found to possess better flame-retardant
characteristics and thermal stability compared to the untreated ones with the durability of the functionality against washing as well
as improved tensile strength.

Keywords: Cotton fabric, nanoclay incorporation, flame retardancy, durability to washing, burning behavior.

even it is known to be more combustible than its synthetic
counterparts [2,4,6,7]. Today, in addition to comfort-
related properties of textile products, textile industry has
focused on development and production of
multifunctional textiles possessing self-cleaning ability,
antibacterial and nonallergenic properties, durability to
photo-degradation, UV protection capability and flame-
retardant characteristic. Furthermore, lately, owing to the
environmental concerns regarding the production of
synthetic fibers from crude oil, natural fibers especially
cotton has become one of the most desired textile fibers.
Therefore, the textile industry and the customers choose
using smart natural textiles over synthetic textiles [3].

Recently, development and manufacturing of

1. INTRODUCTION

Cotton, which is one of the most commonly used natural
fiber in wide range of textile products, is preferred due to
its outstanding characteristics including smooth handle
and softness, hydrophilicity, sufficient breathability, high
strength, durability, nonallergenic structure, good
dyeability, regeneration, biodegradability and eco-
friendliness [1-7]. Therefore, cotton is widely used for
the production of apparel, home-textiles, furnishings and
some industrial products such as tarpaulins, industrial
threads and medical supplies [4,5]. However, due to its
subsistent structure, textiles made of cotton fiber confront
some problems associated with yellowing, wrinkling,
photo-degradation and vulnerability to bacteria and

mildew [1,3]. Moreover, due to its chemical composition,
cotton is prone to flammability which can cause
immediate combustion leading to flames and fire and

*Sorumlu Yazar (Corresponding Author)
e-posta : goceki@itu.edu.tr

multifunctional fabrics made of cotton with high added-
value have been attracting great attention in research
projects and industry. Utilization of nanomaterials on
cotton fabrics helps to improve inherent characteristics of
cotton by the introduction of new functionalities to the
final product including antimicrobial properties, abrasion
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resistance, gas barrier, protection to UV radiation,
chemical resistance or reactivity, hydrophobicity or
hydrophilicity,  dyeability,  self-cleaning,  water
repellency and flame retardancy [1, 3, 4, 7-10].
Numerous nanomaterials such as metal and metal oxide
nanoparticles including silver, copper, MgO, ZnO, TiO2
and others including carbon nanofibers and nanotubes,
nanosilica, chitosan, hydroxyapatites, nanoclays have
been employed to functionalize cotton for achieving
better performance in many ways from the final product.
However, amongst all, natural clay minerals have been
drawing the most interest in research and development
studies and have been shown to have great potential for
being applied to many different fields in textile industry
[1, 3, 7-33]. Therefore, owing to their distinctive
characteristics and cost-effectiveness, many studies have
been focusing on the application of nanoclays such as
attapulgite, saponite, laponite, vermiculite, mica,
hectorite, smectite, kaolin and montmorillonite to textiles
[1,3,9,10,12,13,15-18, 21, 25, 27, 32, 34, 35]. In many
previous studies, application of nanoclay minerals on
cotton substrates were performed using different
procedures and methods and investigated in terms of
various functionalities such as flammability, super
hydrophobicity, thermal and mechanical properties [6-
10, 12, 15, 20]. In one study, montmorillonite was
applied on cotton textile substrate via a commercial
exhaustion dyeing-like process in order to obtain
controlled release and flame retardancy, and the process
was evaluated before and after laundering for washing
fastness, binding stability and resistance to washing [1].
In some studies, layer-by-layer process and other coating
techniques were employed to deposit polymer-clay
nanocoatings on cotton substrates for different aims such
as flame retardancy, super hydrophobicity and self-
cleaning property [4, 5, 7, 8, 12, 20]. Moreover, in other
studies, finishing processes based on impregnation
method and washing was used to incorporate different
nanoclays such as attapulgite, montmorillonite,
organically modified montmorillonites in cotton
substrates to improve their antibacterial and antifungal
activity, UV resistance, mechanical properties, thermal
performance and flame retardancy [3, 6, 9-11, 36].

The cellulosic material, cotton with a low limiting
oxygen index and low combustion temperature is a
highly combustible material. Owing to the rapid burn just
after ignition and fast flame spreading over the surface,
textiles made of cotton have potential to result in fatal
burns just in a few seconds of ignition [5, 6]. Currently,
the risk of fire and the danger incurred by the flammable
structure of cotton can be eliminated or at least
minimized by numerous flame-retardant treatments i.e.
sol-gel  technology, surface chemical grafting,
nanoparticle adsorption, different coating techniques
applied onto textiles which result in enhancement of the
flame-retardant characteristics of cotton products and
thereby fire safety regulations can be fulfilled as well as
the use of cotton in textile products can be diversified.
Furthermore, with the use of flame retardants, the

combustion process can be decelerated and there will be
time both for the people to escape from uncontrolled fire
and save their lives and for the firefighters to put out the
fire before it results in severe hazard to lives and
resources [2, 4, 5, 16, 37, 38]. Mainly, flame retardants
used in these treatments can be categorized into four
different groups which are inorganic, halogenated
organic, organophosphorus, and nitrogen-based.
However, recent environmental and health-related
concerns regarding utilization of these chemical
treatments including many chemicals on textile products
have brought out a need for eco-friendly alternatives
which promoted innovative research and development [4,
6, 30, 35, 39-41]. Although halogenated and boron-
containing additives are one of the most commonly used
flame-retardants with high effectiveness, halogenated
flame retardants have been shown to be toxic and flame
retardants containing boron are not durable to aqueous
washing [5]. Phosphorus-based flame retardants are
known to be the most commercially useful ones owing to
their durability to repetitive washing, ability to decrease
volatile fuel, pyrolysis temperature and afterglow and
ability to augment carbonaceous char [5]. As an
alternative eco-friendly material to current flame-
retardants lately, nanoclays especially montmorillonite
(MMT) have been used with polymeric materials in
different coatings and in the production of
nanocomposites, and incorporated in cellulosic fibers
through surface modification, coating and finishing
techniques since they have been shown to decrease
flammability and pile up heat resistance and thermal
stability even at very small amounts of clay [5-7, 17-20,
22, 24 -33, 35, 37-51]. Nanocomposite textiles made of
different synthetic fibers produced with nanoclays have
been found to perform better in terms durability to fire
compared to their counterparts made of pristine synthetic
fibers [5, 18, 25, 27, 32, 34, 48]. Moreover, for some of
the nanocomposite coatings of cotton fabrics, polyhedral
oligomeric silsesquioxane (POSS), carbon nanotubes and
MMT clays have been used as flame retardants.
However, due to complex two-stage synthesis and high
cost, POSS and carbon nanotubes have limited potential
to be used in commercial products. On the other hand,
combustion process of polymer and clay systems have
been propounded to include a layer of protective charred
ceramic surface formed in the course of polymer
ablation, which has been demonstrated to decelerate the
volatilization of combustible gas, prevent oxygen
penetration resulting in reduced gas permeability, disrupt
heat transfer and hinder degradation [5, 6, 18, 22, 24-27,
30, 38, 41, 48, 51, 52]. Therefore, at present, many
studies have been concentrating on enhancing the flame
retardancy of cotton products by the help of nanoclay
utilization [4-7, 9, 10, 12, 20, 38].

Since today, providing multifunctionality or special
functions for textiles is a requirement to satisfy customer
expectations, for this goal, novel technologies that have
the potential to lead to innovations have been
investigated so far. Therefore, in this study, it was aimed
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to produce a multifunctional cotton fabric by the
treatment with the nanoclay Nanomer 1.44P which was
preferred due to its antibacterial activity previously
demonstrated in the scientific literature [53].
Furthermore, the fabrics treated with the nanoclay
Nanomer 1.44P can be acknowledged as environmentally
friendly since throughout the treatment no hazardous
chemicals were used and the fabrics treated were made
of natural and biodegradable fiber cotton [1, 3]. In
addition to this, montmorillonite nanoclays are
biodegradable and completely generated from naturally
occurring resources which implies their environmentally
friendliness [6, 10, 11, 19]. Especially, the nanoclay
Nanomer 1.44P is known as environmentally friendly
flame retardant [24, 54]. On the other hand, the method
used in the study is compatible with the conventional
textile processes which means that the nanoclay
Nanomer 1.44P can be easily used in the textile industry
for treating cotton fabrics via textile finishing processes
improving the manufacturability of the product. In the
study, after the nanoclay particles were successfully
incorporated in the structure of three different types of
cotton fabrics through finishing techniques for
functionalization, the treated fabrics were evaluated in
terms of homogeneity of the nanoclay distribution over
the fabric surface, flame retardancy and burning
behavior, durability of the functionality to washing and
the change in tensile strength.

2. EXPERIMENTAL WORK
2.1. Materials

Three different types of plain weave 100% cotton fabrics
in raw, conventional (desized and scoured) and optical
brightened (desized, scoured and optical brightened)
forms were purchased to be treated with the nanoclay and
analyzed in terms of their fabric construction and basis
weight as mass per unit area (Table 1).

Acetone and Ethyl alcohol were purchased from Riedel-
de Haén and Merck, respectively. They were exploited to
wash off contaminations from all of the fabric samples.
Moreover, acetone was also used to clean the glass
equipment by removing possible contaminations
existing.

Distilled water was obtained in the laboratory by the
utilization of Veolia Water Solutions and Technologies
ELGA Pure Lab Option DV35 LAG620. Distilled water
was used to prepare the solutions with nanoclay, to wash
the fabric samples just after immersing them in acetone,
ethyl alcohol and tap water before the treatment with the
solutions in order to remove any remaining

Table 1. Fabric structural properties

contaminations and to remove excessive amount of
nanoclay on the fabric surface that was not incorporated
into the fabric structure after the completion of the
process in the Gyrowash.

The nanoclay Nanomer® 1.44P, which is surface
modified montmorillonite clay containing 35-45 wt%
dimethyl dialkyl (C14-C18) amine was purchased from
Sigma Aldrich and it was used to prepare the nanoclay
solutions for the treatment of the fabric samples. It is
known to have good heat stability, electrochemical
property and antibacterial activity [53, 55].

2.2. Methods
2.2.1. Preparation of the treating bath

The solutions to be applied on the fabric samples were
prepared with 1 wt% nanoclay using distilled water.
Firstly, nanoclay was distributed in distilled water
utilizing a hot plate with magnetic stirring effect by
applying heat for 1 hour and the temperature was kept at
around 60 to 63 °C. Wisd Laboratory Instruments
WiseStir MSH-20A was used as a magnetic stirrer and
hot plate in order to homogeneously stir the solution with
the application of heat and distribute nanoclays in
distilled water.

Afterwards, the solutions were ultrasonicated by the help
of Hielscher UP400S ultrasonicator for totally 1 hour
with consecutive quadruple 15 minute-intervals and 2
minute-breaks in between the process intervals in order
to obtain homogeneously distributed nanoclay particles
in all over the solution by hindering the agglomerates
both to form and precipitate at the bottom of the beaker
and moreover in order to obtain separated nanoclay
stacks by the help of sound waves with the amplitude of
65% and cycle of 0.8. Therefore, ultrasonicator was used
in order to prevent formation of nanoclay agglomerates
in the solution and obtain homogenously distributed
nanoclay particles.

2.2.2. Preparation of the fabric samples

The fabrics were cut into small pieces whose dimensions
were determined depending on the size constraints of the
containers of the Gyrowash machine which was as well
sufficient enough for the sample sizes required by the
techniques of characterization and the standards of the
chemical and physical tests.

The fabric samples that were cut into small pieces from
the three types of fabrics were immersed firstly, in
acetone and then, ethyl alcohol in 1000 ml separate
beakers. After the both immersions, they were washed
with tap water and lastly, immersed in distilled water in
order to remove any remaining contaminations.

Fabric Density

Types of Cotton Fabrics

Fabric Basis Weight (g/m?)

Warp (warp/cm) Weft (weft/cm)
Raw 46 36 1.3738
Optical Brightened 52 45 1.4132
Conventional 68 62 0.7065
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In order to make fabric structural analysis i.e. fabric
density and fabric basis weight on the three different
fabric types, those without nanoclay treatment were
conditioned at 65 £ 4 % relative humidity and 20 + 2 °C
temperature for 48 hours in the laboratory.

2.2.3. Treatment of the fabric samples

After the fabric samples were decontaminated, they were
immersed in the prepared solutions with 1 wt% nanoclay
in distilled water that were previously poured into the
containers of the James H Heal Gyrowash with 4
containers. The liquor ratio was methodically adjusted as
1:40. The fabric samples were treated with this
instrument for 1 hour at 60 °C by utilizing 25 steel balls
in each container for mechanical agitation in order to be
incorporated with nanoclays. A similar treatment with
different nanoclays using a rotary drum washer was
demonstrated in the literature [36].

Once the processing in the Gyrowash was completed, the
fabric samples were taken out of the containers and right
after that each sample was separately dipped up 5 times
subsequently in distilled water inside different 1000 ml
beakers to remove excessive amount of nanoclay on the
fabric surface that was not incorporated into the fabric
structure. Then, each of them were squeezed, laid on the
racks of the oven that was heated up to 70 °C and left
there for 30 minutes to be dried while being cured for
providing bonding between nanoclay and cotton. An
oven Thermo Scientific Heraeus T6 that can be heated up
to 250 °C with the capacity of 57 L and interior depth of
386 mm was utilized for this purpose. After the process
was over, the fabric samples were taken out of the oven
and flat-dried by keeping at ambient temperature in
atmospheric conditions over night.

To make the weight analysis and examine the tensile
strength of the processed fabrics, conditioning was done
at 65 = 4 % relative humidity and 20 = 2 °C temperature
for 24 hours before the testing processes.

2.3. Tests and Characterization
2.3.1. Fabric density and basis weight analysis

For the determination of fabric density in warp and weft
directions and fabric basis weight, the standards TS 250
EN 1049-2 (Textiles-Woven Fabrics-Construction-
Methods of Analysis-Part 2 Determination of Number of
Threads Per Unit Length) and TS 251 (Determination of
Mass Per Unit Length and Mass Per Unit Area of Woven
Fabrics) were used, respectively. The fabric basis weight
was analyzed before and after the treatment with the
nanoclay to ensure that the nanoclay particles were
incorporated and existed in the fabric structure. On the
other hand, it was also analyzed before and after the
washing process to determine the durability of the fabric
samples against washing in terms of loss and remaining
amounts of nanoclay in the fabric structure.

2.3.2. Fourier transform infrared spectroscopy
(FTIR-ATR)

The Fourier Transform Infrared Spectroscopy with
Attenuated Total Reflectance (FTIR-ATR) was used for

analyzing the bond structure and bonding energy of the
surfaces of the fabric samples treated with the nanoclay
and hence, for getting information about the molecular
structure and existence of bonds in the certain regions to
identify the types of chemical bonds. Perkin Elmer
Spectrum 65 FTIR-ATR Spectrometer was utilized in
order to examine the presence and distribution of the
nanoclay particles on the cotton fabric samples
functionalized with the nanoclay. The FTIR-ATR spectra
were taken at 64 scans in each analysis from 5 different
regions of the surface of the cotton fabric samples in
order to understand whether the nanoclay particles were
incorporated and distributed evenly on the whole fabric
surface after the treatment with the nanoclay and whether
the nanoclay particles existed and stayed homogenously
distributed in the fabric structure after washing.

2.3.3. Scanning electron microscopy with energy
dispersive spectroscopy (SEM-EDS)

SEM micrographs were taken from the raw cotton fabric
samples to observe whether the nanoclay particles were
incorporated into the fabric structure and how they were
distributed over the fabric surface after the treatment with
the nanoclay and to visually demonstrate the presence of
nanoclay particles and their distribution over the surface
of the fabric sample after washing. For the morphology
analysis of the untreated raw cotton fabric sample,
nanoclay treated raw cotton fabric sample and its washed
counterpart, Tescan Vega3 scanning electron microscope
(SEM) operating at 10 kV was used. Before SEM
analysis, gold/palladium sputtering which forms
electrically conductive thin coating on the surface of the
samples was conducted for each of them. This thin layer
of gold/palladium hinders charging, lowers thermal
damage, and enhances secondary electron emission,
which are helpful for scanning electron microscopy.
Quorum SC7620 sputter coater with a deposition rate of
0-10 nm/min having multi sample holder, completely
automatic control and high resolution fine coating was
employed for gold/palladium sputtering process.

A chemical microanalysis characterization method,
Energy Dispersive Spectroscopy (EDS) was employed in
combination with scanning electron microscopy for the
characterization of the elemental composition of the raw
cotton fabric samples before and after the treatment with
the nanoclay to demonstrate the presence of nanoclay
particles in the structure of the fabric samples. The EDS
system of EDAX was used in conjunction with the
scanning electron microscope.

2.3.4. Tensile strength test

James Heal Titan 710 Strength Test Machine was used
for the assessment of the tensile strengths of the cotton
fabric samples before and after the treatment with the
nanoclay particles in order to observe if any alteration as
a decrease or as an improvement occurred owing to the
treatment. The cotton fabric samples were tested in warp
and weft directions with the cross-head speed of 100
mm/min according to the standard TS EN ISO 13934-1
(Textiles- Tensile properties of fabrics- Part 1:
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Determination of maximum force and elongation at
maximum force using the strip method).

2.3.5. Vertical flame test

The burning behavior and flammability properties of the
cotton fabric samples were analyzed with the vertical
flame test in accordance with the standard TS 5775 EN
ISO 6940 (Textile fabrics - Burning behavior -
Determination of ease of ignition of vertically oriented
specimens). The test was conducted before and after the
treatment with the nanoclay particles in order to
determine the effect of nanoclay incorporation into the
fabric structure in terms of the change in the burning
behavior and flammability properties of the fabric
samples. In addition to this, the fabric samples were
exposed to this test before and after the washing process
to reveal the durability of the treatment against washing
in terms of the change in the burning behavior and
flammability properties of the fabric samples.

2.3.6. Thermogravimetric analysis (TGA)

The thermal decomposition behaviors of the nanoclay
treated and untreated cotton fabrics were monitored and
their thermal stability was determined using
thermogravimetric analysis. TGA was conducted on a
TA Q-600 Thermogravimetric  Analyzer (TA
Instruments) in the temperature range of 50-600 °C, at
the heating rate of 10 °C min-1 in the presence of N2.

2.3.7. Analysis of durability against washing

For the determination of durability against washing,
washing process was performed in accordance with the
standard TS EN ISO 105-C06 (Textiles - Test for colour
fastness - Part C06: Colour fastness to domestic and
commercial laundering). After this process, the fabric
samples were line-dried at ambient temperature in
atmospheric conditions over night and conditioned as in
the previous conditioning process. Finally, the fabric
samples were analyzed in terms of their weights before
and after washing to observe if any change in the fabric
weight in terms of nanoclay amount occurred owing to
the washing process. The FTIR-ATR spectra were taken
from 5 different regions of the surface of the fabric
samples before and after washing to show the presence
of nanoclay particles in all over the fabric structure
remained after washing process. Moreover, SEM
micrographs were taken for the raw cotton fabric samples
before and after the washing process to visually
demonstrate the existence of nanoclay particles and their
distribution over the fabric samples after washing. The
fabric samples were subjected to the vertical flame test
before and after washing to determine if there was any
change in their burning behavior and flammability
properties.

3. RESULTS AND DISCUSSION
3.1. Basis Weight Analysis

Fabric basis weight was analyzed for all the types of
cotton fabric samples before and after the treatment with
the nanoclay Nanomer 1.44P. According to the analysis,
the fabric basis weight was found to increase for all of the
cotton fabric samples after the treatment as can be
observed in Table 2 indicating the incorporation of the
nanoclay particles in the cotton fabric samples.

3.2. Fourier Transform Infrared Spectroscopy
(FTIR-ATR)

Comparison of the FTIR spectra of the nanoclay,
untreated Raw Cotton Fabric sample and Raw Cotton
Fabric sample treated with the nanoclay can be seen in
Figure 1 for further investigation in order to comprehend
the changes in the peaks of the FTIR spectrum of the Raw
Cotton Fabric after the nanoclay incorporation.

The FTIR spectrum of the nanoclay Nanomer 1.44P can
be seen in Figure 1. The characteristic peaks of the
nanoclay Nanomer 1.44P were obtained at 2917, 2848,
1467, 1115, 1021, 914, 887, 623 and 519 cm™
wavenumbers. While the hydrogen bonds were observed
at about 2887-2919 cm™ and 992-999 cm?, the peaks at
2924 cm* and 2848 cm indicated the stretching C-H
aliphatic bonds. The stretching O-H bonds can be seen in
the transmittance band in between 3594 cm™ and 3735
cm! [55].

The FTIR spectrum of the untreated Raw Cotton Fabric
samples can be observed in Figure 1. The characteristic
peaks of the Raw Cotton Fabric were obtained at 723,
1017, 1054, 1101, 1160, 1242, 1337, 1408, 1713, 2899,
2973, 3279 and 3331 cm™ wavenumbers. The vibration
at around 1733 cm™ is ascribed to C=0O stretching
vibration originating from esters or amides [56-58]. This
vibration was obtained at 1713 cm®. O-H bending
vibration of water molecules was obtained around 1627
cmt. The strong transmittance band in between 3000 cm-
! and 3600 cm? can be ascribed to O-H stretching
vibration [56-58]. Two vibrations which are ascribed to
intermolecular hydrogen bonds and intra-molecular
hydrogen bonds were attained in this band at 3279 and
3331 cm? wavenumbers, respectively [56-58]. The
vibration at 1534 cm™ which possibly indicates proteins
or amino acids can be ascribed to NH deformation [56-
58]. However, this vibration was located with a peak at
1505 cm™. C-O stretching of acetyl group was observed
at 1368 cm™ [56-58]. The vibrations observed at 1337,
1315 and 1211 cm? can be attributed to OH in plane
bending [56-58]. The vibration occurred at 1242 cm™
can be ascribed to C=0 stretching or NH, deformation
[56-58]. The vibration which can be ascribed to C-O-C

Table 2. Basis weights of the fabric samples before and after the treatment with the nanoclay

Fabric Basis Weight (g/m?)

Cotton Fabric Samples

Before the Treatment After the Treatment
Raw 1.3738 1.4293
Optical Brightened 1.4132 1.4980
Conventional 0.7065 0.7421
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stretching mode of the pyranose ring appeared at 1204
cm! [56-58]. The vibration which appeared at 900 cm™*
can be ascribed to B-linkage [56-58]. The anti-symmetric
bridge C-O-C stretching vibration and anti-symmetric in-
plane ring stretching vibration were located at 1160 cm'?
and 1101 cm?, respectively [56-58]. While the vibrations
located at 1054 cm™ and 1017 cm® can be ascribed to C-
O stretching mode, the ones at 1000 cm™ and 985 cm™?
can be ascribed to C-O and ring stretching modes [56-
58]. The vibration at 710 cm™ which can be ascribed to
CHj> rocking vibration in cellulose and the vibrations at
2918 and 2850 cm™ which can be ascribed to —CH,
asymmetric vibrations possibly originating from the
presence of wax substances on the surface of the primary
cell wall were obtained at 723 cm™ and 2973 cm™ and
2899 cm! [56-58].

Some peaks mainly at 3331, 1713, 1242, 1054 and 723
cmt wavenumbers for the untreated Raw Cotton Fabric
sample were found to disappear which was caused by the
nanoclay Nanomer 1.44P addition to the structure of the
cotton fabric when the FTIR spectra of the untreated Raw
Cotton Fabric sample and the sample treated with the
nanoclay Nanomer 1.44P were compared (Figure 1).
Moreover, some small shifts and/or intensity changes
were obtained for the remaining peaks (Figure 1).
Therefore, a very similar FTIR spectrum with the
spectrum of the nanoclay Nanomer 1.44P was obtained
with a few slight differences for the treated Raw Cotton
Fabric sample (Figure 1). It can be concluded that all of
these differences were caused by the nanoclay addition to
the fabric structure and were the sign of successfully
imparted nanoclay Nanomer 1.44P to the structure of the
cotton fabric.

Figure 1. FTIR spectra of the Raw Cotton Fabric, Raw Cotton
Fabric treated with Nanomer 1.44P and the nanoclay
Nanomer 1.44P

Comparison of the FTIR spectra of the nanoclay,
untreated Optical Brightened Cotton Fabric sample and
Optical Brightened Cotton Fabric sample treated with

nanoclay can be seen in Figure 2 for further examination
to understand the changes in the peaks of the FTIR
spectrum of the Optical Brightened Cotton Fabric after
the nanoclay incorporation.

The FTIR spectrum of the untreated Optical Brightened
Cotton Fabric samples can be observed in Figure 2. The
characteristic peaks of the Optical Brightened Cotton
Fabric were obtained at 661, 892, 985, 1000, 1031, 1055,
1110, 1160, 1315, 1337, 1371, 1428, 2892, 3276 and
3329 cm! wavenumbers. The strong transmittance band
in between 3000 cm™ and 3600 cm™ can be ascribed to
O-H stretching vibration [59]. Two vibrations which are
ascribed to intermolecular hydrogen bonds and intra-
molecular hydrogen bonds were attained in this band at
3276 and 3329 cm wavenumbers, respectively [59]. The
vibration at around 2898 cm is ascribed to CH, and CH3
stretching vibration [59]. This vibration was obtained at
2892 cm™. O-H bending vibration of absorbed water
molecules was obtained around 1627 cm?. The
vibrations at 1426, 1362, 1334 and 1314 cm™ can be
ascribed to C-H and CH: bending vibrations [59].
However, these vibrations were located with the peaks at
1428, 1371, 1337 and 1315 cm. The anti-symmetric
bridge C-O-C stretching vibration of glycosidic ether in
cellulose and hemicellulose and C-C ring breathing
vibration were located at 1110 cm™? and 1160 cm®,
respectively [59]. C-OH bond of secondary alcohol was
observed at 1055 cm™ [59]. The vibration which can be
ascribed to C-O stretching mode of cellulose and
hemicellulose appeared at 1031 cm™ [59]. The vibration
which was located at 892 cm™ can be attributed to B-
Glycosidic linkage [59].

Some peaks mainly at 2892, 1000, 985, and 892 cm*
wavenumbers for the untreated Optical Brightened
Cotton Fabric sample were found to disappear which
were ascribed to the nanoclay Nanomer 1.44P addition to
the structure of the cotton fabric when the FTIR spectra
of the untreated Optical Brightened Cotton Fabric sample
and the sample treated with the nanoclay Nanomer 1.44P
were compared (Figure 2). On the other hand, some new
peaks appeared at 2920, 2848, 895 and 911 cm™
wavenumbers in the FTIR spectrum of the Optical
Brightened Cotton Fabric sample treated with the
nanoclay Nanomer 1.44P (Figure 2). Moreover, some
small shifts and/or intensity changes were obtained for
the rest of the peaks (Figure 2). Therefore, some
similarities occurred in between the FTIR spectrum of the
treated Optical Brightened Cotton Fabric sample and that
of the nanoclay Nanomer 1.44P (Figure 2). All of these
differences in between the untreated and treated Optical
Brightened Cotton Fabric samples were attributed to the
nanoclay inclusion to the fabric structure and indicated
the successfully imparted nanoclay Nanomer 1.44P to the
structure of the cotton fabric.
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Figure 2. FTIR spectra of Optical Brigthened Cotton Fabric
Optical Brightened Cotton Fabric treated with
Nanomer 1.44P and the nanoclay Nanomer 1.44P

Comparison of the FTIR spectra of the nanoclay,
untreated Conventional Cotton Fabric sample and
Conventional Cotton Fabric sample treated with the
nanoclay is shown in Figure 3 for further exploration to
observe the alterations in the peaks of the Conventional
Cotton Fabric because of the nanoclay incorporation.

The FTIR spectrum of the untreated Conventional Cotton
Fabric samples can be observed in Figure 3. The
characteristic peaks of the Conventional Cotton Fabric
were obtained at 685, 900, 983, 999, 1028, 1053, 1109,
1161, 1207, 1279, 1315, 1334, 1363, 1425, 1630, 2893,
3275 and 3335 cm! wavenumbers. The strong
transmittance band in between 3000 cm™ and 3600 cm
can be ascribed to O-H stretching vibration [60]. Two
vibrations which are ascribed to intermolecular hydrogen
bonds and intra-molecular hydrogen bonds were attained
in this band at 3275 and 3335 cm™ wavenumbers,
respectively [60]. The vibration which can be ascribed
to C-H stretching vibration appeared at 2893 cm™ [60].
O-H bending vibration of water molecules absorbed by
cellulose was obtained around 1630 cm™ [60]. The
vibration located at 1455 cm™ can be ascribed to OH in
plane bending [60]. The vibration at around 1420 cm™ is
ascribed to CH, scissoring vibration at C(6) [60].
However, this vibration was located with a peak at 1425
cm. C-H bending vibration was observed at 1363 cm™
[60]. The vibrations observed at 1334 and 1315 cm can
be attributed to OH in plane bending and CH; wagging,
respectively [60]. The vibration occurred at 1279 cm™
can be ascribed to CH bending [60]. OH in plane bending
vibrations were located at 1247 and 1207 cm [60]. The
asymmetric C-O-C stretching vibration and C-O
stretching vibrations appeared at 1161 cm™ and 1109 and
1053 cm?, respectively [60]. The vibrations which
appeared at 999 and 900 cm™ can be attributed to C-O
valence vibration at C(6) and C-O valance vibration in
cellulose I and 11 [60].

Some of the peaks mostly at 2893, 999, 983, and 900 cm
1 wavenumbers for the untreated Conventional Cotton
Fabric sample were found to disappear which were
attributed to the nanoclay Nanomer 1.44P addition to the

structure of the cotton fabric when the FTIR spectra of
the untreated Conventional Cotton Fabric sample and the
sample treated with the nanoclay Nanomer 1.44P were
compared (Figure 3). However, some new peaks
appeared at 2919, 2852, 898 and 911 cm* wavenumbers
in the FTIR spectrum of the Conventional Cotton Fabric
sample treated with the nanoclay Nanomer 1.44P (Figure
3). Furthermore, some small shifts and/or intensity
changes were obtained for the rest of the peaks (Figure
3). Thus, some similarities occurred in between the FTIR
spectrum of the treated Conventional Cotton Fabric
sample and that of the nanoclay Nanomer 1.44P (Figure
3). The aforementioned differences in between the
untreated and treated Conventional Cotton Fabric
samples were ascribed to the nanoclay inclusion to the
fabric structure denoting the successful impartation of the
nanoclay Nanomer 1.44P to the structure of the cotton
fabric.

Figure 3.FTIR spectra of the Conventional Cotton Fabric,
Conventional Cotton Fabric treated with Nanomer
1.44P and the nanoclay Nanomer 1.44P

Since the nanoclay Nanomer 1.44P was detected in every
region of the treated fabric samples that were
characterized by FTIR Spectroscopy from 5 different
regions for each, it can be deduced that the nanoclay
particles were present and homogenously dispersed over
the surface of the cotton fabric samples after the
treatment with the nanoclay implying that the nanoclay
incorporation in the cotton fabric structure was
successfully accomplished.

3.3. Scanning Electron Microscopy with Energy
Dispersive Spectroscopy (SEM-EDS)

SEM micrographs of the untreated Raw Cotton Fabric
sample and its treated counterpart with nanoclay can be
observed in Figure 4a and 4b, respectively. Presence of
nanoclay particles can be apparently seen on all over the
surface of the cotton fibers in the structure of the treated
fabric sample. Moreover, the distribution of nanoclay
particles in the fabric structure was found sufficiently
homogenous and it is also obvious from the figure that
nanoclay particles penetrated into the interfaces in
between the fibers in the fabric structure. On the other
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hand, the pristine structure of the cotton fibers can be
recognized in the structure of the untreated fabric sample.

EDS spectra of the untreated and treated Raw Cotton
Fabric samples are shown in Figure 4c and 4d,
respectively. In the EDS spectrum of the untreated cotton
fabric sample, it is clear that the elemental composition
only consisted of C and O elements which constitute the
chemical structure of cellulose showing that the fabric
sample was only composed of cellulose, since it was
made of cotton, and did not include any other substance
which was nanoclay in this case. However, in the
elemental composition, EDS spectrum of the treated
cotton fabric sample prominently exhibited not only the
peaks of C and O elements constituting the chemical
structure of cellulose but also the peaks of silicon (Si),
aluminum (Al), iron (Fe) and calcium (Ca) elements
taking part in the formation of montmorillonite nanoclay.
Therefore, in addition to the other characterization
techniques (FTIR and SEM) employed in the current
study, EDS analysis also demonstrated the existence of
nanoclay particles in the fabric sample treated with the
nanoclay 1.44P.
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Figure 4. SEM-EDS analysis results of the Raw Cotton Fabric
sample a) SEM micrographs before the treatment
with the nanoclay (400X magnification) b) SEM
micrographs after the treatment with the nanoclay
(400X magnification) c) EDS Spectrum before the
treatment with the nanoclay d) EDS Spectrum after
the treatment with the nanoclay
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3.4. Tensile Strength Test

According to the results obtained for the tensile strength
test performed in both weft and warp directions before
and after the treatment with the nanoclay particles (Table
3), it is obvious that the tensile strength values of all of
the cotton the fabric samples in both weft and warp
directions were not affected negatively by the treatment
with the nanoclay particles however, they were even
found to be higher indicating the positive effect of the
nanoclay incorporation into the cotton fabric samples
which is also supported by the other studies in the
literature. In  the previous work, polymeric
nanocomposites prepared with montmorillonite and other

516



FUNCTIONALIZATION OF TEXTILE MATERIALS WITH NANOCLAY INCORPORATION ... Politeknik Dergisi, 2019; 22 (2) : 509-522

Table 3. Tensile strengths of the fabric samples before and after the treatment with the nanoclay

Warp Weft
Cotton Fabric Before After Before After
Samples - - - -
Tensile Std. Tensile Std. Tensile Std. Tensile Std. Dev.
Strength (N) Dev. Strength (N) Dev. Strength (N) Dev. Strength (N)

Raw 417.25 15.51 479.00 13.91 276.60 11.67 283.74 9.44
Optical Brightened 439.75 12.23 451.00 16.98 349.20 9.98 371.50 9.72
Conventional 271.80 15.31 277.25 16.39 238.00 10.63 246.00 15.97

nanoclays were used to coat surfaces of cotton and cotton
blend fabrics and some level of improvement in tensile
strength was reported to be obtained for the treated
fabrics [5-7, 61]. On the other hand, organo-
montmorillonite was used for washing of denim
garments in a conventional washing machine for the
production of old-look garments neither with previous
desizing nor post-chemical softening. Washing and
finishing with nanoclay was found to have no effect on
the mechanical properties of the denim fabrics [10].
Moreover, discoloration of indigo dyed denim garment
was done by using enzymes and montmorillonite based
nanoclay in a conventional washing machine and in
addition to many properties tensile strength was
evaluated, as well. Treatment with nanoclay particles
were found to have no negative effect on the fabric tensile
strength [62].

3.5. Vertical Flame Test

Considering the results of the vertical flame test
performed to determine the burning behavior and
flammability properties of the three different types of
cotton fabrics after the treatment with the nanoclay
Nanomer 1.44P nanoclay (Table 4), average ignition time
values were found to be improved with the nanoclay
incorporation denoting that all of the fabrics acquired
flame retardancy characteristics with the change in their
burning behavior. More rapid burning with a brighter and
powerful flame was observed for the untreated fabric
samples compared to their treated counterparts. Similar
findings of improved flammability and change in the
burning behavior of fabrics in accordance with the
vertical flame test have been reported in the literature for
the fabrics treated with different finishing and coating
solutions including nanoclays [4-6].

Table 4. Average ignition times of each of the fabric
samples before and after the treatment with the

nanoclay
Cotton Eabric Average Ignition Time (sec)
samples Before the After the
Treatment Treatment
Raw 3 4
Optical Brightened 3 5
Conventional 3 4

3.6. Thermogravimetric Analysis (TGA)

Untreated raw cotton fabric was found to begin to
degrade over 310 °C and encounter two decomposition

stages between 300 °C and 400 °C and between 400 °C
and 600 °C. At 600 °C, 1wt % residue char was found to
be left (Figure 5a). However, its treated counterpart was
demonstrated to leave more residue at 600 °C with
increased decomposition temperatures in both of the
decomposition stages (Figure 5a). On the other hand,
optical brightened and conventional cotton fabric
samples treated with nanoclays exhibited stability against
heat with lower mass loss and lower decomposition rate
compared to their untreated counterparts (Figure 5b and
5¢). Similar findings have been reported in the scientific
literature regarding nanoclay loaded cotton fabrics via
different methods [1, 2, 9, 10, 18]. According to these
studies, nanoclay particles settled on the surface of the
fibers alter the flammability characteristics of the
nanoclay treated fabric samples with higher amount of
residual ashes compared to the untreated ones.
Furthermore, as it is indicated, due to the mineral
structure of nanoclay including Al, Si, Fe, Ca etc.,
enhanced char formation occurs and a kind of heat barrier
begins to develop over the surface of the fibers, which
lead to increase in the decomposition temperature of the
cotton fabric samples.
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Figure 5. Weight loss as a function of temperature for cotton
fabrics a) Raw b) Optical Brightened c) Conventional

3.7. Durability against Washing

In the literature, durability of the functionality of fabrics
treated with finishing or coating solutions of nanoclays
against washing have been considered performing the
washing cycles according to different standard methods
[1, 11, 36] and the fabrics washed after the treatments
were found to have reasonable durability levels owing to
the remaining nanoclays in the fabric structure.

3.7.1. Basis weight analysis

In order to reveal the durability of the treatment with the
nanoclay Nanomer 1.44P applied to the fabric samples,
the fabric basis weight was analyzed for all types of
cotton fabric samples after the treatment with the
nanoclay and after the washing process that was
performed subsequent to the treatment with the nanoclay.
As a result of this analysis, although the fabric basis
weight was determined to inconsiderably decrease for all
of the cotton fabric samples after the washing process
(Table 5), it was still considerably higher than that of the
cotton fabric samples before the treatment with the
nanoclay particles denoting the durability of the
treatment with the nanoclay particles (Table 2).

Table 5. Basis weights of the fabric samples before and
after the treatment with the nanoclay

Fabric Basis Weight (g/m?)

Cotton Fabric

After the After

Samples Treatment Washing
Raw 1.4293 1.4132
Optical Brightened 1.4980 1.4570
Conventional 0.7421 0.7219

3.7.2. Fourier transform infrared spectroscopy
(FTIR-ATR)

From the FTIR spectra of the nanoclay treated samples
of the Raw Cotton Fabric, Optical Brightened Cotton
Fabric and Conventional Cotton Fabric it can be clearly
observed that similar peaks at around the same
wavenumbers were obtained for the fabric samples
before and for their counterparts after the washing
process (Figure 6, 7 and 8) indicating the presence of the
remaining nanoclay particles in the fabric structure after
washing. Furthermore, since the FTIR-ATR spectra were
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taken from 5 different regions of the surface of the each
fabric samples before and after washing and in every one
of them the nanoclay Nanomer 1.44P was clearly
detected, it can be concluded that the nanoclay remained
in all over the surface of the cotton fabric samples with a
homogenous dispersion even after washing implying the
durability of the treatment against washing.

Figure 6. The FTIR spectra of the Raw Cotton Fabric sample
treated with the nanoclay Nanomer 1.44P before and
after washing

Figure 7. The FTIR spectra of the Optical Brightened Cotton
Fabric sample treated with the nanoclay Nanomer
1.44P before and after washing

Figure 8. The FTIR spectra of the Conventional Cotton Fabric
sample treated with the nanoclay Nanomer 1.44P
before and after washing
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3.7.3. Scanning electron microscopy (SEM)

As can be seen from the SEM micrograph of the Raw
Cotton Fabric sample that was washed after the treatment
with the nanoclay (Figure 9), nanoclay particles were still
found to be existing and distributed evenly on all over the
surfaces of the fibers in the fabric structure. Moreover,
from the figure, it is also apparent that nanoclay particles
penetrated into the interfaces in between the fibers in the
fabric structure and was not removed from the fabric
structure with the effect of washing. Therefore, it can be
once more deduced with this characterization technique
that the treatment has durability against washing.

after washing (800X magnification)

3.7.4. Vertical flame test

When the results of the vertical flame test conducted for
the investigation of the burning behavior and
flammability properties of the cotton fabrics treated with
the nanoclay particles before and after washing were
considered (Table 6), no change was observed in the
average ignition time values of the three different types
of cotton fabrics after washing indicating that none of the
fabrics lost their flame retardancy characteristics with the
washing process. Hence, the treatment the fabrics were
subjected to was found durable to washing.

Table 6. The average ignition times of each of the treated
fabric samples before and after washing

Average Ignition Time (sec)
After the After

Cotton Fabric

Samples Treatment Washing
Raw 4 4
Optical
Brightened 5 5
Conventional 4 4

4. CONCLUSIONS

Recently, textiles are required to be made multifunctional
or have special functions to meet customer expectations.
Thus, in the current study, cotton fabrics were
functionalized with the incorporation of nanoclay
particles via finishing techniques. The nanoclay
Nanomer 1.44P was preferred in this study owing to its
antibacterial activity since the antibacterial characteristic
of Nanomer 1.44P has been reported [53]. Moreover, the
fabrics treated with Nanomer 1.44P can be acknowledged
as environmentally friendly products since throughout
the treatment no hazardous chemicals were used and the
fabrics treated were made of natural and biodegradable
fiber cotton. In addition to this, montmorillonite
nanoclays are biodegradable and completely generated
from naturally occurring resources as well as, Nanomer
1.44P is known as environmentally friendly flame
retardant. On the other hand, since the method used in the
study is compatible with the conventional textile
processes, Nanomer 1.44P can be easily used in the textile
industry for treating cotton fabrics via textile finishing
processes improving the manufacturability of the
product. After the treatment, the fabrics were assessed in
terms of homogeneity of the nanoclay distribution over
the fabric surface, flame retardancy, thermal stability, the
change in tensile strength and durability of the
functionality to washing. According to the results,

o All of the fabrics were demonstrated to have
homogeneously distributed nanoclay particles over their
surface by the basis weight analysis and FTIR
spectroscopy.

* The fabrics were shown to possess lower flammability
by the vertical flame test denoting that nanoclay
incorporation had contributed to their burning behavior
with flame retardancy.

« The fabric samples treated with nanoclays exhibited
stability against heat with lower mass loss and lower
decomposition rate compared to their untreated
counterparts according to TGA implying the
enhancement in their thermal stability.

» There was no decrease in the tensile strength of the
fabrics implying that the treatment with the nanoclay
particles did not affect the tensile strength in a negative
way instead, enhanced it.

« Durability of the treatment against washing was
analyzed by the basis weight analysis, FTIR spectroscopy
and vertical flame test and the treatment was found
durable to washing with no loss in flame retardancy.
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