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Bu galismada, kabak lifi takviyeli bitkisel kompozit malzemelerin ylzey topografyasinin basilabilirligine

etkisi incelenmistir. Bu amagla, takviye olarak kabak lifi ve matris olarak epoksi kullanilarak biyo-

Anahtar kelimeler kompozit plakalar Gretilmistir. Daha sonra bu plakalarin yizeylerine gizgi ve nokta gibi baskilar serigrafi
Kabak lifi; Bitkisel lifler;  paski yontemi ile gergeklestirilmistir. Baskidan 6nce ve sonra, dretilen biyo-kompozitlerin yiizey
Biyo-kompozit; puriazlalik degerleri, 3D temassiz optik profilometre kullanilarak olgilmistir. Daha sonra bu olglimleri
Basilabilirlik dogrulamak ve baski kalitesini kontrol etmek igin 3D Optik Profilometre biyo-kompozit malzemelerin

ylzey purazlalagind taramak igin kullaniimistir. Elde edilen sonuglara gore, kompozit yizey
topografyasindaki gelisme, ylzey purizsizligiini arttirmaktadir. Bu sonug ile yizey plrizsiazlGgindn,
elde edilen gorinti netligi icin basilabilirligin ana parametresi oldugu agik¢a anlasiimaktadir.

How Does the Surface Topography of a Green Composite Affect its

Printability?
Abstract
In this study, the effect of surface topography of luffa fiber reinforced green composite materials on its
printability was investigated. For this purpose, bio-composite plates using luffa fiber as reinforcement
Keywords and epoxy as the matrix were produced. Then, printing such as line and dot on the surfaces of these

Luffa fiber: Plant fibers: plates was carried out by the screen printing method. Before and after printing, the surface roughness

Bio-composite;
Printability

values of the produced bio-composites were measured using 3D non-contact optical profilometer.
Afterward, to validate these measurements and to check the printing quality, 3D Optical Profilometer
was used to scan the surface roughness of bio-composite materials. According to the obtained results,
the improvement of the composite surface topography is increase surface smoothness. With this result,
it is clearly understood that the surface smoothness is the main parameter of printability for the
resulting image clarity.

© Afyon Kocatepe Universitesi
1. Introduction

In recent years, it has been observed that intensively. As underlined by Cheung et al. (2009)
studies on bio-composite materials have continued in the literature the use of renewable resources
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such as plant and animal-based fiber-reinforced
polymeric composites, has been becoming an
important design criterion for designing and

manufacturing components for all industrial

products. The damage caused by chemical
materials to nature and the concerns of recycling
are the most important factors in the increase of
these studies. Many of these studies are related to
the characterization of new or green materials
(Alemdar and Sain, 2008; Boynard and D'Almeida,
2000; Genc, El Hafidi, and Gning, 2012; Genc and
Koruk, 2016, 2017; Wambua, Ivens, and Verpoest,
2003).

However, at this stage, studies focusing on the
application of bio-composite materials have
become important. In this sense, some studies
when examined; Genc and Akkus (2018) studied,
waste walnut shell reinforced bio-composite
materials, and its machinability behavior to aim the
recycle-able of natural waste materials and to find
new usage fields of waste of natural materials. As
presented in this study, they produced tea plates in
order to prove the producibility of the product
using walnut shells. Al-Oqgla and Sapuan (2014),
reported in their study that the feasibility of using
the date palm fibers in the natural fiber reinforced
polymer composites for the automotive industry.
Behazin and et al. (2016) produced softwood chip
biochars and characterized to evaluate their
properties in light of potential alternative and
novel applications.

In many engineering industrial applications, the
exact characterization of the surface roughness is
of great importance due to its significant impact on
the functionality of the manufactured products.
Also, the topographic method is the most applied
method the evaluation of the surface quality of
metallurgical or mechanical products (Deltombe et
al., 2014).

The most commonly used method for evaluating
the surface quality of composites is the Stylus
method, which provides the accepted numerical
values (Ulker, 2018). Stylus devices are the most
commonly used instruments for measuring surface
texture today. A typical stylus tool consists of a pen
physically contacting the measured surface and a

converter used to convert its vertical movement

into an electrical signal (Richard, 2001). Nowadays,
contactless surface roughness has been measured
by modern optical technologies.

Petroleum-based composites are widely used in
the printing industry. The signboard is one of the
main product in this industry. In this study, the
printability properties of plant-based composites
were investigated. The aim of this study, to find
new usage areas for plant-based composites and
reduce the fields of usage the petroleum-based
composite materials.

2. Materials and Methods

Luffa cylindrica fiber was used as reinforcement,
and the epoxy resin was utilized as a matrix to
manufacture  the bio-composite laminate
specimens. The properties of the liquid epoxy resin

are given in detail in Table 1.

Table 1. Properties of the Liquid Epoxy Resin.

Test Method Value
Color Observation Transparent
Density DIN EN ISO 2811 1.15 kg/L
Viscosity ASTM D1545-07 330 mPa.s
Pot life DIN 16945 170 min.
Water DIN EN ISO 175 46.5 mg
absorption

Produced bio-composite specimens were cut using
the CNC Router machine to prepare it for the
printing process. The volume fraction of these bio-
composite specimens was calculated as 0.6 using
rules of mixtures.

2.1. Printing on the Surface of the Bio-
Composite Materials

The screen-printing technique was used for
printing on the surface of the bio-composite

sample, as shown in Fig. 1.
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Figure 1. Printing on the surface of Bio-composite

sample.

The used screen-printing machine is a semi-
automatic. The mesh number of the print plate was
120 threads per cm (tpc), and the dot per cm was
40 (dpc). The angle of the squeegee was 45°, and
the hardness of squeegee was 75 shore (Sonmez,
2017b). Solvent-based black ink was applied to the
samples.

2.2. Measurement of the Surface Roughness
of Bio-Composite Materials

In this study, the optical microscope for display and
3D profilometer was used to scan and measure the
surface roughness. Surface roughness is that part
of the left after
manufacture which is held to be inherent in the

irregularities on a surface

material removal process itself as opposed to
waviness which may be due to the poor
performance of an individual machine. Surface
roughness is generally examined in plan, i.e.,
sectional view with the aid of optical and electron
microscopes, in cross- sections normal to the
surface with stylus instruments and, in oblique
cross-sections, by optical interference methods
(Whitehouse, 2002).

Bio-composite plates were given 5X magnification
and 10X magnification in 2D Optical Microscope
images before printing as given in Fig. 2. In the
images of before printing, the fiber structure of the
bio-composite material is clearly visible. Bright

areas are an epoxy image.

Figure 2. 5x (a) and 10x (b) images of bio-composite
material under 2D Optical Microscope before
printing.

3. Results and Discussions

Fig. 3 shows the solid pressure printed on the bio-
composite material. It is seen that the loss of image
in the ground pressure on the bio-composite
surface is low. This bio-composite material shows
that the ink adheres to the surface, providing good
coverage.

Figure 3. Solid area printed on the surface of bio-
composite material after printing.

Fig. 4 shows the images printed on the bio-
composite material such as lines with different
thickness, and dots with different diameters. It is
seen to be printed the smallest 0.5 mm diameter
dot and 0.5 pt. thickness line on the surface of the
composite material. Both the lines and dots have
good edge sharpness, but there are regional visual
losses in the lines and dots due to the surface of
the bio-composite material. The loss of image
formed on the surface will cause the print quality
to decrease, and this will result in the lack of
perceived messages (Sonmez, 2017a).
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Figure 4. Lines and dots printed on the surface of bio-
composite material after printing.

The images of the ink on the bio-composite surface

after printing were obtained, as shown in Fig. 5.

The image in Fig. 5.a shows a straight line in the

printing, while the image in Fig. 5.b shows a cross-

section of the scanning square area of the dots.

"\’ o

Figure 5. 20x (a) and 10x (b) images of

the printed line
(a) and the printed screen dot (on printed bio-
material under a

composite 2D optical

microscope.

The interaction of the bio-composite material with
the ink is clearly visible in Figure 6. Optical profilers
are interference microscopes and are used to
measure height variations — such as surface
roughness — on surfaces with great precision using
the wavelength of light as the ruler.

12.44

-11.53

Figure 6. 3D and 2D topography images of bio-

composite surface before printing.

The same method was used to scan and measure
the surface roughness of the bio-composite
material after printing. An EPI 20X v35 lens was
used to measure the surface profile.

Optical interference profiling is a well-established
method of  obtaining  accurate  surface
measurements (Pandey, 2018).

In this study, SENSOFAR Lynx 3D non-contact
optical profilometer is used to scan and measure
the surface roughness of composite boards. The 3D
Optical Profilometer was used to scan the surface
roughness of the obtained composite material.
Interferometry method was used to measure the
surface profile. A sample area of 0.8x 0.6 mm? on
the sample was scanned. Measuring range in Z-axis
was 70 um. 3D surface topographic image is shown
in Figure 6. In Figure 7, the profile of the surface
was measured. Points 1 and 2, AZ values were
found to be 7.5 um and 7.3 um, respectively.

] ] ] o0 @ ] ]

- 1 Distance
- 2 Distance

Figure 7. Profile of bio-composite material before

AZ =7.5558 ym

AZ =7.3428 ym

printing.

Roughness and surface parameters of the material
were determined according to I1ISO 25178. Table 2
shows the results obtained according to ISO 25178.
These parameters involve only the statistical
distribution of height values along the z-axis.

A sample area of 0.8x0.6 mm? on the sample was
scanned. The measuring range in Z-axis was 80 um
3D surface topographic image is shown in Figure 8.
Also, AZ, AL, and angular changes between the
measuring points for the bio-composite material
after printing are given in this Figure.
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12.45ym

1153 ym
Figure 8. 2D and 3D topography images of one of the
line on the surface of bio-composite after

nrinting

Table 2. Height parameters of the surface of the bio-
composite specimen.

Arithmetical mean height of the surface (Sa, um) 2.5
Kurtosis of height distribution (Sku) 28

Maximum height of peaks (Sp, #m) 21.3
Root mean square height of the surface (Sq, um) 2.95
Maximum height of valleys (Sv, zm) 14.2
Maximum height of the surface (Sz, um) 35.6

The trace, which is the smallest print on the surface
of the bio-composite material, is also measured. A
sample area of 1.5x 1.1mm?® on the sample was
scanned. In Figure 9, the profile of the surface was
measured. Points 2 and 3, AZ values were found to

be 9.5 um and 10.4 um, respectively.

7l
N 7 w ) ]
B2 oistance 52 =9.5806 ym
. 3 Distance AL=92.918 pm AZ =10.442 um £ =6.41°
. 4 Distance AL=-191.64 pm AZ =7.2676 ym £ = 2.47°
. 5 Distance AL=245.11ym £ = 267.02°

Figure 9. Profile of bio-composite material after printing.

Measuring range in Z-axis was 70 um. 3D surface
topographic image is shown in Figure 10. Also, the
profile measurement of the surface given in Figure
11. AZ values, were found to be 21.1 um by
measurement in this area while the measured
diameter (Dxy) was 0.9 mm, Area (Axy) was 0.76

mmz.

12.44 ym

“11.54 ym

Figure 10. 2D and 3D topography images of the smallest
print trace in the surface of bio-composite
material after printing.

» o ] ] 0 0

B cice
. 2 Distance

Figure 11. Profile of the smallest print trace in the
surface of bio-composite material after
printing.

Dxy = 982.22 ym Axy = 757721.78 ym"2

AZ=21.075 ym

5. Conclusion

Non-contact surface roughness measurement
method is used, and very successful results were
obtained in this study. In particular, the use of I1SO
25178 standard introduces a new perspective in
the study of surface roughness parameters of the
composite material surfaces. Surface smoothness is
an important parameter in obtaining quality
printing. As the surface smoothness increases, the
edge sharpness of the images to be obtained
indicates that the print quality is at the desired
level. Although the finest details were obtained in
the pressures on the prepared bio-composite
material, image losses were determined due to the
volume fraction of resins. This problem can be
eliminated by increasing the volume fraction of
resin.

been found that the

improvement of the composite surface topography

Consequently, it has

increased surface smoothness, which is the most
important characteristic of printability.
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Bu ¢alismada, bitki esash lifler kullanilarak tretilen biyo-kompozit malzemelerin mekanik 6zellikleri

karsilastinilmistir. Biyo-kompozit numunelerin Uretiminde takviye elemani olarak kabak lifi ve jut
kullanilmistir. Uretilen biyo-kompozit numunelerin mekanik 6zelliklerinin karsilastirilabilmesi igin matris

olarak epoksi regine segilmistir. Mekanik Ozelliklerin  belirlenmesi icin egilme deneyleri
Anahtar kelimeler

Kabak lifi, jit lifi, biyo-
kompozit, egilme,

gerceklestirilmistir. Test sonuglarina gore kabak lifi takviyeli kompozit numunelerin max. dayanimi 55
MPa jut lifi takviyeli kompozit numunelerin max. dayanimi ise 36.5 MPa olarak odlgtilmistir. Ayrica,

Egilme Modiil, kabak lifi igin 5.7 GPa ve jit lifi icin 5.5 GPa olarak hesaplanmistir.
egilme dayanimi

Elde edilen sonuglara gore kabak liflerinin — jute gore daha yliksek mukavemet degerlerine sahiptir. Bu
nedenle Ozellikle egilme yiklerine maruz uygulamalarda Kabak lifleri tercih edilmelidir. Bu biyo-
kompozit malzemelerin 6zellikle havacilik, otomotiv ve denizcilik sektorlerindeki potansiyel kullanim
alanlari igin alternatif olabilecegi dngorilmektedir. Bir sonraki ¢alismamizda mevcut bitkisel liflerin
mekanik ozelliklerinin iyilestirilmesi ve gelistirilmesi ¢alisilacaktir.

Comparison of flexural properties of luffa and jute fibers

Abstract

In this study, the mechanical properties of bio-composite materials produced by using plant-based
fibers compared. Luffa fiber and jute were used as reinforcement in the production of these bio-
composite samples. To able to compare the mechanical properties of the reinforcement the same
matrix (epoxy) was used in the production of all samples. Three-point bending tests were performed to

Keywords N . . " .
determine the mechanical properties of these specimens. According to the test results, the Flexural
luffa fiber, jute fiber, Stress of luffa and jute fibers were measured 55 MPa and 36.5 MPa respectively. Also, Flexural Modulus
bio-composite, calculated as 5.7 GPa for luffa and 5.5 GPa for jute fibers.
bending, flexural
strength. The strength of luffa fibers experimentally determined as obviously higher than jute fiber. Due to the

high strength of luffa fibers should be preferred especially in applications that would be subjected to
bending loads. Because of their design and strength characteristics of these green materials, it is
envisaged that these materials could be an alternative for potential uses in aerospace, automotive and
marine industries. We continue to work on the development of the mechanical properties of this kind
of plant-based fibers in order to find a new alternative to glass fibers.
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1. Introduction

In recent years, human beings have realized that if
the environment is not protected, there will be a
danger of the depletion of natural resources and
the majority of areas producing fresh air. Chemical
composites, which are widely used in many
industrial fields, cause serious damage to nature
due to the long years of recycling.

Therefore, the widespread use of recyclable bio-
composite materials in the industrial field will be
an important step for preventing damage to
nature. In order to reduce the use of chemical
fibers, researches on ecological fibers are carried
out. In order to increase the application of
environmentally friendly materials, not only new
materials should be found, but also all
characteristics of these materials must be defined
and developed. That is why bio-composite
materials have become the focus of many
researchers in composite science in recent years.
Some researchers (Acharya, Mishra, Mehar,
andDikshit, 2008; Balakrishnan, John, Pothen,
Sreekala, andThomas, 2016; Caprino, Lopresto,
andSantoro, 2007; Diharjo et al., 2013) draw the
attention to the importance of this topic beginning
with the question that Natural fibres: can they
replace glass in fibre reinforced plastics? (Wambua
and Verpoest, 2003).. For instance, Bodros and

Baley (2008) and at all, use natural fibers
reinforced thermoplastics, especially in the
automotive industry. They set their major

objectives as determining whether bio-composites
would substitute for glass fiber reinforced polymer
constructions analyzing the mechanic features of
natural fiber and biopolymer composites.

Major bio-materials such as flax, jute, kenaf, and
sisal analyzed in many studies. Although these
materials have obstacles such as cultivation and
continuity, their developed features gain great
importance. Kocak and et al. (2008) according to
the results of their study suggested that mechanic
features of luffa fibers could be increased with the
help of a chemical modification made using formic
and acetic acid. The performance of natural fibers
is attached to cellulose content. Luffa fibers, 63
percent of cellulose, 14.4 percent of hemicellulose,
1.6 percent of lignin, 0.9 percent of cinder and 20.1
percent of other materials. (Shen and et al. (2012)
Besides, many studies Genc, 2015; Genc and Koruk,
2017; H. Koruk and Genc, 2015; Hasan Koruk and

Genc, 2019) focused on the characterizations of
plant-based fibers such as luffa fiber in the
literature to understand the ability of application
which can lessen the usage of chemical fibers.

In this research, producing bio-composites and
comparing mechanic features are aimed using two
types of herb-based fibers. In this context, luffa
fibers grown on the South region of Turkey and
jute fibers that imported from Bangladesh were
used as reinforcement elements of natural fibers.
As a consequence, in consideration of obtained
results from this research, the usage of recyclable
bio-composite materials is going to be enlarged,
and it is going to contribute to both industry and
literature. At this point, it should be emphasized
again that it is going to be used the same matrix
(epoxy) while producing reinforcement elements
(jute and luffa fiber) in order to compare them
properly.

According to the results obtained in this study,
some usage areas have been proposed for bio-
composite materials. By, it is aimed in this study
that to produce and develop a product which is
both easy to produce in our country with its
potentials and possible to recycle.

2. Materials and Methods

In this research, luffa fibers and jute have been
used as reinforcement elements. The raw Jute that
used was woven with 0 °/90 ° fiber arrangement. It
is imperative to use the same matrix when
comparing the properties of natural fibers with
chemical fibers. Therefore, epoxy resin (DURATEK
1200) was used as a matrix to produce the
composite samples.

To produce Luffa Fiber Reinforced Composite
(LFRC) prepared 4 layers dry luffa fiber and to
produce Jute Fiber Reinforced Composite (JFRC)
prepared 10 layers dry jute fiber. These materials
weighed using a scale, and their dry weight
measured. Then, these fiber layers moulded by
hand lay-up method and epoxy matrix added for
curing step. To able to prepare curing conditions
press machines that controlled by PLC
(Programmable Logic Controller) used and the
curing conditions set to 5 Bar and 120 ° C degree
during 100 minutes.
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Produced bio-composite specimens shown in
Figure 1 were cut using the CNC Router according
to the standard (I1SO14125, 1999).

Figure 1. Composite samples for three-point bending
test a) luffa composite samples b) jute composite
samples

LFRC specimens were cut in two directions,
Longitudinal (L) and Transverse (T) direction.
Herewith, the flexural properties were determined
in two directions. Also, JFRC specimens were cut in
the fiber directions.The dimensions and volume
fraction values of bio-Composite samples for three-
point bending test are given in Table 1 which
prepared according to the standard (I1SO14125,
1999). The properties of the bio-composite
material samples are shown in Table 1. The density
of dry luffa fiber, jute fiber and epoxy resin used
was 71.1 kg/m? 389.5 kg/m?, 1100 kg/m°
respectively. These values used to calculate the
volume fraction of composite by the rules-of-
mixtures method.

Table 1. The dimensions and volume fraction values of

samples
Code Dimensions Weigh | Volum
Materials b L T W e
LFRC T1 | 15.0] 80.0 40| 34 0.6
LFRC T2 | 15.0| 81.0 |4.0]| 3.2 0.7
LFRC T3 | 15.0] 81.0 40| 34 0.6
LFRC T4 | 15.0] 81.0 |4.0] 34 0.6

LFRC L1 |150] 80.0 [4.0]| 3.6 0.6
LFRC L2 | 150 ] 80.0 [4.0| 3.6 0.6
LFRC L3 |150] 80.5 [4.0] 3.6 0.6
LFRC L4 |150] 80.0 [4.0]| 3.6 0.6
JFRC J1 | 15.0] 126.0 |42] 8.6 0.6
JFRC J2 11501 126.0 |42] 8.8 0.6
JFRC J3 1150 126.0 |4.0] 8.8 0.6
JFRC J4 11501 126.0 |43] 8.6 0.6

3. Three-Point Bending Test

Three-point bending tests were performed to
determine the mechanical properties of bio-
composite specimens as shown in figure 2.

Figure 2. Bending test for bio-composite specimens

Three-point bending test performed according to
the standard (I1SO14125, 1999). Then, measured
values used to calculate the flexural strength of the
specimens using equation 1.

3FL

= Spe2 Eq.1

F is the maximum load (N), the distance between
the L supports is (mm), b is the width (mm), and t
(mm) is the thickness.

63




Comparison of flexural properties of luffa and jiite fibers, Genc vd.

According to the test results, the Flexural Strength
of LFRC was determined higher than JFRC. Due to

The Flexural Modulus was used to evaluate the

stresses obtained. The Flexural
calculated using equation 2.

Modulus was

the high strength of LFRC, especially in applications

that are subject to bending loading, these type bio-

composites could be preferred. Because of their

design and strength characteristics of these green

Eq.2

)

AF
As

(

L3
4bh3

materials, it is suggested that this kind of bio-

composite materials can be alternative materials,

4. Results and Analysis

especially for automotive and aerospace industries

We continue to work on the

development of the mechanical properties of this

usage areas.

Flexural Strength and Flexural Modulus

In this part of the study, the elastic modulus was

kind of green fibers in order to find a new

alternative to glass fibers.

calculated to evaluate the bending strength of the
samples and the samples. Bending strength was

calculated for LFRC and JFRC samples.
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Abstract

The Umurbey Turkish Bath, located in the present Sericulture district, one of the most important Silk
production centers of Bursa in the past, was built in 1430. It is important because the bath reflects its
architectural characteristics. The Turkish Baths are divided into two groups: "Single Baths" where men
and women benefit separately, or "Double Baths", where separate hammams adjacent to each other
for men and women are constructed together. The Umurbey Hammam is the "Single" Hammam. The
change seen in the societies changes the needs of the people as well as changing the structures
because of the places that are shaped by the time they belong. Structures that can't carry their function
from past to today are provided with a secondary function to continue their lives. The Umurbey Bath
was given a function as a museum. In this study, the daily change of the Umurbey Baths from the past,

w.n

;" ile ayrilmalidir.

after the restoration were included.

survey drawings, survey reports, restoration projects, restoration reports and photographs before and

1. Introduction

Historic buildings often contribute to the character
of the city landscape. They create the urban spaces
that are enjoyed by residents and attract tourist
visitors. It creates urban spaces that residents
enjoy and attracts tourists. By law, it is not only
limited to the preservation of visual appearance
but can also be protected with respect to materials
and construction techniques to be integrated into
original architectures. (Cabeza, de Gracia, and
Pisello 2018)

In general, most of the historical buildings were
found to be in a state of collapse and deterioration.
The physical quality of the building is gradually
decreasing and does not proper its intended use.
Renovation is becoming one of the most important
sectors to ensure that the building is suitable for its
intended use. (Aksah et al. 2016) The purpose of all

disciplines related to heritage and historical

© Afyon Kocatepe Universitesi
structures is to protect their content, to examine
the processes of decay and damage (chemical,
physical, biological, mechanical, etc.) and to
develop strategies to investigate and reduce or
reduce their relative causes. (Fabbri and Pretelli
2014) Due to environmental conditions and the
natural consequence of user errors, restoration
applications have become necessary in order to
ensure the sustainability of structural and non-
structural elements in historical buildings. (Bozkurt
et al. 2016) One of the most important intervention
decisions in restorations in historic buildings is the
consolidation of the structure. Article 10 of the
of 1964 “Where traditional

techniques prove inadequate, the consolidation of

Venice section
a monument can be achieved by the use of any

modern  technique for conservation and
construction, the efficacy of which has been shown
by scientific data and proved by experience”.
(Congress and Monuments 2011) The process

should be well evaluated to ensure that the
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building to be renovated meets the requirements
and performance standard of the user. (Aksah et al.
2016) The complexity of construction regulations
for renovation projects is one of the important
factors affecting design performance. (Ali and
Zakaria 2012) The refurbishment of historical
buildings varies according to the countries, policies,
2018)
Approximately 50% of Turkey's housing stock

and laws. (Kamaruzzaman et al.

consists of masonry buildings. (Sadik Durak 2008)

Umurbey bath's rooms are designed as square
spaces in different sizes on the plan, creating
rooms of coldness, warmth, hot and halvet rooms.
Apart from these, there are sections of heating
furnace and hell in every hammam which is heated.
The biggest volume in Turkish baths is coldness
part. (Onge n.d.)

Umurbey hammam has only one entrance gate.
The hammam is entered from the street with
marble steps. The hammam was damaged in the
fire in 1518 and repaired in 1556 and damaged
again in the 1854 earthquake. Section and plan
drawings of Turkish bath are given in Figure 1.

CENTRAL MASSAGE
PLATFORM

HELL / BOILER

HOT AIR CHANNEL FIREPAN
f Halvet
| Rooms
~ ’ >
Entrance | Coldness Warmth_ Hot Part

(for woman) | | Part

Part ‘

s y _J

Heating Furnacg

Fig. 1 Turkish bath cross-section and plan (Ozbek n.d.)

2. Materials and Methods

2.1 Exterior of the hammam

The first construction technique is two or three
rows of bricks, sometimes one or two rows of cut
stones, and a vertical brick between them. The
exterior walls of the hall of halvet are rubble stone
walls. After that,
renovated with cement mortar. Most of the

most of these walls were

exterior walls of the hammam were ruined because
of the fire and earthquakes that occurred. In
addition, a part of the rear wall was demolished
and rebuilt in a recent period of the hammam.
Lighting on the top of the dome there is no residue
from the glass mounted on the metal parts. In
addition, the boiler chimney was destroyed.

The window gaps in the front of the hammam were
enlarged horizontally and vertically, and they were
also changed. A water reservoir was added to the
back of the hammam. The tops of the halvet rooms
were covered with a roof with an octagonal plan
but after that these shapes were deformed by
renovation work. The parts where the lighting
lanterns are located have been renovated with
cement mortar. Most of the roof tiles are broken
and lost. In addition, many plants are growing, with
great wear on the roof. The bottom elevation
levels of the windows on the northern side were
lowered, the 90-degree angle of the side walls of
the window is degraded. The original iron railings
of the windows were rusted.

2.2 Interior of the hammam

The inside walls of the hammam were painted on
top without scraping. It has been determined that
there are eight layers of paint. Due to the
dampness, most of the paint and the plaster on the
wall have been damaged. Plants are grown in some
cracks on the interior walls. All of the windows on
the lanterns are broken. None of the doors in the
hammams are available, but their location is
determined. Hinge locations are visible. But the
rusted and this rust also

metal hinges are

penetrated in the wall.
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2.3 Coldness part

The coldness part of 10.75 X 11.00 m? which is the
widest part of Umurbey Hammam is entered from
the northeast. It is covered with a large dome over
the coldness section. Transitions from the walls to
the dome were made with squinch elements. The
two windows on the eastern edge of the coldness
part were laid up the brick. There isn't part of the
fountain located in the middle of the coldness part.
It was later found that a rectangular window was
made on the western facade. There's no belt on
this window. Most of the woodwork of the
windows are deteriorated and broken.

2.4 Warmth part

The warmth area is close to the square plan with
dimensions of 3.82 X 3.37 m2. The dome is placed
on the walls of the square plan. There are three
doors opening to the warmth part; temperature,
coldness and WC doors.

2.5. Hot part

The hot part is the rectangular plan in dimensions
of 8.30 x 3.60m% There is a square plan height in
the middle of the hot part. An octagonal tie beam
was formed on the square plan to provide the
dome connection. There are almonds shaped
ornaments on the octagonal tie beam. There was a
central message platform in the middle of the hot
section. Today, there isn't this platform. There are
iwans on the side and lancet arch vault was built on
top of them. In the hot part, the seating steps were
made. These steps are marble. The middle part of
the hot section was collapsed. From the hot part,
there are three doors open to the halvet rooms.

2.6 Halvet rooms

A dome was built on top of the square frame
on the walls of the halvet rooms. It becomes a
circular pulley which with an almond shaped
ornamental on the square plan walls of the Halvet.
There is a dome on this pulley. Most of the marble
covering the walls of the halvet rooms has been
torn down. The floor, which is raised 4 cm in the
middle of all rooms, descends in a sloping manner

to the edges, thus preventing accumulation of
water in the middle.

2.7 Water reservoir

The top of the water reservoir is covered with a
vault. Under the water reservoir there is a furnace
(heating section) which is entered from the

outside.

2.8 Materials

Masonry structures; composed of brittle materials
such as stones and bricks that have little under
tensile and compressive stresses due to their
construction techniques. (Korkmaz et al. 2018). The
mechanical properties of the materials used in
historical buildings are given in Table 1 and 2. The
poisson’s ratio for masonry structures was
accepted as 0.17 by Kocak (Ali Kogak 1999).

Table 1. Mechanical properties of materials (Omer
Dabanli 2008) (Navzat Sallio 2005)

Sample | Compressive | Tensile | Elasticity | Density
strength strength | modulus | (kg/m’)
(MPa) (MPa) | (En)
Stone 18-35 2.0-6.0 | 12000- 0.25-
18000 0.30
Brick 17-25 0.2-0.5 | 2000- 0.20-
5000 0.50

Table 2. Mechanical properties of structural elements
(Elyamani et al. 2017)

Yapisal Elasticity Density Poisson

elemanlar | modulus (kg/m3) rate
(Em)

Walls and | 3816 2100 0,2

domes

Buttress 3600 2100 0,2

Mortars 1908 2000 0,2

2.9 Pre-Restoration images

The pictures of east and west facades were given in
Figure 1 before restoration.
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Fig. 2 West and south fagades

2.10 Restitution and surveying drawings

The ground floor survey drawing of the building is

given in Figure 3. A-A cross section survey drawing
of the building is given in Figure 4. East and north

facade restitution and surveying drawings are given
in Figure 5.
. <p
- - - .
BHEETeE =
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Fig. 3 Floor surveying drawings

Fig. 5 East and north fagade restitution and surveying
drawings
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3. Result And Discussion

Umur Bey Hammam is one of the most
distinguished examples of architecture at that
time. It is thought that the shape of the hammam
shouldn't be deteriorated and it will be passed on
to future generations as it is. It is thought that a
new function should be given with minimum
change of the hammam. Also, the different part
should be built next to the hammam to make it

function as a foyer.

3.1 Interventions made

The foyer building was built as a reinforced
concrete and discrete arrangement on the east side
of the hammam. The columns of the foyer building
to be built have been designed so as not to damage
the hammam. The foyer building is equipped with
kitchen,
disabled WC. The floor of the foyer part is covered

relaxation room, male, female and
with hexagonal brick. In addition, the roof of this
additional building is kept lower and the terrace is
germinated and adapted to the surroundings.

Floors of wet areas will be covered with ceramic.

The exterior of the hammam; the worn out pieces
of cut stone, rubble stone and blend bricks were
replaced with new ones and a joint mortar was
made between them. In addition, the interior walls
of the hammam were scraped to reveal the
masonry system and a joint mortar was made
between them.

The main entrance door of the hammam was
repaired. The damaged arched windows have been
restored. The arch above the entrance door of the
bath was unearthed. Additional steps that were
added to the coldness part have been removed.
The windows that were closed with bricks were
opened. In order to establish a connection
between the foyer and the hammam, the window
in the coldness part was converted into the door.
The difference in elevation between the foyer and
the hammam was solved by the ramp.

The fountain in the coldness part was repaired and
the missing parts were completed. The missing
marble basins have been completed. The missing

mirrors were made in accordance with the original,
and the broken ones were repaired. Most of the
marbles found at the site of all the rooms have
been restored. In the region that has collapsed in
the middle of the hot part;
marble, sloping to the sides to prevent water from

it is covered with

accumulating in the middle. The doors that were
not in place, were not made again because no
information about their original state could be
reached.

The metal parts of the lights above all the spaces
are renewed and completely covered with glass to
protect from external influences. The inside of the
boiler was cleaned and the chimney was repaired.
The top of the water reservoir is covered with
khorasan (brick dust mortar) bricks as it was
before. The roof coverings were removed and the
insulation was applied to the roof's bottom and
then covered with roof tiles. Landscaping of the
garden was done.

3.2. Restoration projects

The restoration project of the ground floor is given
in Figure 6. The restoration project of the eastern
and western facades is given in Figure 7.
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Fig. 6 Floor Plan
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Fig. 7 West and North Fagade and Foyer Building

3.3. Images during restoration

The pictures of the restoration phase are given in
Figure 8.

Fig. 8 Repairing of jointing

3.4. Post Restoration Images

The post-restoration images are given in Figure 8.
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Tire n.d.)

Fig. 10 Environmental landscape images of hammam

(Sevcan Tire n.d.)

Conclusion

As a result of these restoration works, this
structure, which was used as a hammam in
advance, now has become a museum. Various
works and collections are exhibited. At the same
time, other historical buildings beside the hammam
located in a complex were restored by Kog¢ Holding
and functioned as Tofas car museum. These
historical buildings, which are located in large and
well-kept gardens, are transformed into a complex
and these buildings have been benefited by society
and transferred to the future with confidence.

Acknowledgments We would like to thank Bilecik
Seyh Edebali University and KOC Company for the
restoration work of the Umurbey Turkish bath and
architect Naim ARNAS for permission to use the
project.

References

Aksah, Hasnizan, Abdul Hadi Nawawi, Ahmad

Ezanee Hashim, and Elma Dewiyana. 2016.
Applicability and
Functional

“Assessing Score of

Importance on Performance
Criteria for Historical Building.” Procedia -
Social and Behavioral Sciences 222: 65-74.
http://linkinghub.elsevier.com/retrieve/pii/S1
877042816302634.

Ali, Azlan Shah;, and Rohayati Zakaria. 2012.
“Complexity of Statutory Requirements : Case
Study of Refurbishment Projects in Malaysia.”
Journal of Building Performance 3(1): 49-54.

Ali Kocgak. 1999. “Tarihi Yigma Yapilarin Statik ve
Dinamik Yikler Altinda Lineer ve Non-Lineer
Analizi-Kiiciik Ayasofya Cami Ornegi.” Yildiz
Technical University.

Bozkurt, Tarik Serhat et al. 2016. “Restoration of
the Historical Masonry Structures Based on
Laboratory Experiments.” Journal of Building
Engineering 7: 343-60.
http://dx.doi.org/10.1016/j.jobe.2016.07.010.

Cabeza, Luisa F., Alvaro de Gracia, and Anna Laura

2018.

Technologies in

Pisello. “Integration of Renewable

Historical and Heritage

72



A Historical Building Functioned As A Museum; Bursa Umurbey Bath, Ozodabas

Buildings: A Review.” Energy and Buildings In insa Ettigi Hamamlar.”
177: 96-111.  Ozbek, imre Eren. “Fatih ilgesi Yeni Aya Hamam
https://doi.org/10.1016/j.enbuild.2018.07.05 Restorasyonu.”

8. Sadik Durak. 2008. “Ege Bolgesinde Yaygin Olarak
Congress, lind International, and Historic Kullanilan Yigma Yapilar ve Bu Yapilarin
Monuments. 2011. “Anchoring Caring and Deprem Giivenligi.” Pamukkale University.
Compassionate Skills in an Undergraduate Sevcan Tire.

Nursing Curriculum.” In Journal of Obstetrics “Http://Www.Yildirim.Gov.Tr/Umurbey-
and Gynaecology, , 50. Hamami.”

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PA
GE=reference&D=emed13&NEWS=N&AN=70
372184.

Elyamani, Ahmed, Pere Roca, Oriol Caselles, and
Jaime Clapes. 2017. “Seismic Safety
Assessment of Historical Structures Using
Updated Numerical Models: The Case of
Mallorca Cathedral in Spain.” Engineering

Failure Analysis 74: 54-79.
http://dx.doi.org/10.1016/j.engfailanal.2016.
12.017.

Fabbri, Kristian, and Marco Pretelli. 2014. “Heritage
Buildings and Historic Microclimate without
HVAC Technology: Malatestiana Library in
Cesena, Italyy, UNESCO Memory of the
World.” Energy and Buildings 76: 15-31.
http://dx.doi.org/10.1016/j.enbuild.2014.02.0
51.

Kamaruzzaman, Syahrul Nizam et al. 2018.
“Development of a Non-Domestic Building
Refurbishment Scheme for Malaysia: A Delphi
Approach.” Energy.

Korkmaz, Mustafa, Muhammed A Ozdemir, Evren
Kavali, and Ferit Cakir. 2018. “Performance-
Based Assessment of Multi-Story
Unreinforced Masonry Buildings : The Case of
Historical Khatib School In.” Engineering
Failure  Analysis  94(August):  195-213.
https://doi.org/10.1016/j.engfailanal.2018.08
.002.

Navzat Sallio. 2005. “Mevcut Yigma Yapilarin
Deprem Bakimindan Incelenmesi  ve
Guglendirilmesi.” Pamukkale University.

Omer Dabanli. 2008. “Tarihi Yigma Yapilarin
Deprem Performansinin Belirlenmesi.” istabul
Teknik Universitesi.

Onge, Prof Yilmaz. “Anadolu Tirk Hamamlari
Hakkinda Genel Bilgiler ve Mimar Koca Sinan’

73



Afyon Kocatepe Universitesi Uluslararasi Miihendislik Teknolojileri ve Uygulamali

Bilimler Dergisi

Afyon Kocatepe University International Journal of Engineering
Technology and Applied Sciences

AKU IJETAS Vol 2(2) (2019) Aralik (74-84 s) AKU J.Eng.App.Sci. Vol 2(2) (2019) December (74-84 pp)
Arastirma Makalesi / Research Article
e-ISSN 2667-4165 (https://dergipark.org.tr/akuumubd)

Elektrik Potansiyeli ve Sicakligin Ohmik Isitma ve Sicak Suya Daldirma

Esnasinda Makarnalarin Rehidrasyon Davranislari Uzerine Etkisi

Yelizcan Turgut?, Sebahattin Serhat Turgut?, Erdogan Kiigiikoner?, Erkan Karacabey?
L1 Siileyman Demirel Universitesi, Miihendislik Fakiiltesi, Gida Miihendisligi Béliimii, Isparta, Tiirkiye
e-posta: yelizcan.tiryakioglu@gmail.com, ORCID ID: https://orcid.org/0000-0002-5801-5550

e-posta: serhatturgut@sdu.edu.tr, ORCID ID: https://orcid.org/0000-0002-9968-4750

e-posta: erdogankucukoner@sdu.edu.tr, ORCID ID: https://orcid.org/0000-0001-9259-4800

e-posta: erkankaracabey@sdu.edu.tr, ORCID ID: https://orcid.org/0000-0002-0428-2039

Gelis Tarihi:26.05.2019 ; Kabul Tarihi:01.07.2019
0z
S6z konusu calisma kapsaminda, farkli elektrik potansiyelleri altinda (10, 20, 30 ve 40 V/cm) ohmik
isitma ve farkl sicakliklarda (75, 85 ve 95°C) suya daldirma islemi esnasinda makarna orneklerinin

rehidrasyon ozellikleri incelenmistir. Makarnalarin rehidrasyon davraniglarini ifade etmek igin Fick’in
ikinci difiizyon kanunu kullanilarak, normal daldirma denemeleri igin iki ve ohmik isitma denemeleriigin
Anahtar kelimeler U¢ farkli efektif difiizyon katsayisi hesaplanmistir. Uygulanan farkh voltaj ve sicakliklarin diflizyon
katsayilari Uzerine etkisi ise Arrhenius tipi bir esitlikte degerlendirilmistir. Ayrica, gidalarin rehidrasyon
ozelliklerinin tamimlanmasinda yaygin olarak tercih edilen iki model, Peleg ve Weibull, rehidrasyon
denemelerinin kinetik analizi amaciyla kullaniimistir. Elde edilen veriler neticesinde, hem daldirma suyu

sicakliginin hem de ohmik isitma esnasinda uygulanan voltajin artiriimasi, makarna o6rneklerinin su

Ohmik 1sitma;
Makarna; Rehidrasyon;
Difiizyon; Peleg;

Weibull
emilimini hizlandirici etki gostermistir. Hem Peleg hem de Weibull modelleri, normal daldirma

denemeleri igin Ust dlzey bir performans ortaya koymustur. Ancak bunlardan sadece Weibull, ohmik
Isitma esnasinda gozlenen nem degisimini kabul edilebilir seviyede ifade edebilmistir. Normal daldirma
denemelerinden farkli olarak, ohmik isitma isleminin ilk safhalarinda nem emiliminde bir gecikme
dikkati ¢ekmistir. Ancak genel olarak ohmik isitmanin makarnalarin nem absorpsiyonu Uizerine
hizlandirici bir etkiye sahip oldugu ifade edilebilir.

Effects of Electrical Potential and Temperature on Rehydration
Behaviour of Pasta Samples during Ohmic Heating and Soaking

Abstract

In the present study, rehydration of pasta samples was examined during soaking at different

temperatures (75, 85 and 95°C) and during ohmic heating at different electrical potential levels (10, 20,
30 and 40 V/cm) as an alternative method of pasta cooking. Two effective diffusion coefficients were
defined using Fick’s second law of diffusion for regular soaking experiments and three diffusion
coefficients were calculated to describe the rehydration behaviour during ohmic heating. The effect of
Keywords applied voltage and temperature on the diffusion coefficients were evaluated using an Arrhenius type
Ohmic heating; Pasta;  equation. Moreover, the two common models that are used to describe rehydration behaviour of food
Rehydration; Diffusion;  materials, namely Peleg and Weibull models, were used for kinetic analysis of rehydration experiments.
Peleg; Weibull It was observed that an increment both in temperature of cooking water and applied voltage for ohmic
heating enhanced the water absorption rate of pasta samples then the rehydration was completed
faster. The Peleg and Weibull models showed promising performance for regular soaking experiments
where the first one could not describe moisture change of pasta during ohmic heating at a desired level.
Different from soaking testes, a delayed moisture uptake phase was observed at the very beginning of
ohmic heating experiments however it can be concluded that ohmic heating led an increment in

moisture uptake rate in general.

© Afyon Kocatepe Universitesi
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1. Introduction

Pasta is a well-known food product that is
produced by drying the dough obtained from
mainly semolina (from Triticum durum wheat) and
some otheringredients such as egg, water, spinach
etc. (Manthey & Schorno, 2002). There are some
reasons that may be listed explaining why it is so
popular around the world, e.g. economic reasons,
favourable taste, ease of preparation and also,
wide options of preparing/consuming in many
different ways (Kim, Petrie, Motoi, Morgenstern,
Sutton, Mishra, et al., 2008). Moreover, due to its
low moisture content, pasta can easily be stored
for a long time at room conditions (Doster & Kahn,
1986). From the point of health, it has a lower
glycemic index than many other carbohydrate
based foods (Cubadda,
Trivisonno, 2007).

Carcea, Marconi, &

Pasta is traditionally cooked in boiling water until a
desired degree of starch gelatinization and
rehydration is achieved. While rehydration occurs
very fast at first, the moisture concentration of
pasta increases, water absorption rate of starch
molecules decreases and then moisture uptake
gradually slow down as time progresses (Cafieri,
Mastromatteo, Chillo, & Del Nobile, 2010).
Although the traditional cooking method is pretty
simple to operate, possible
problems/disadvantages are generally arise or
experienced especially after long cooking times
such as excessive cooking, dry matter loss or
excessive energy consumption (Cocci, Sacchetti,
Vallicelli, Angioloni, & Dalla Rosa, 2008). Apart
from the time that is spent to cook pasta, in
traditional method, a notable amount of time is
also required before cooking to heat the cooking
waterto boiling temperature. As easily be conduct,
one should heat the cooking pot first, then water
and finally pasta pieces present in water for
traditional cooking technique. Thus, these
successive heat transfer between different
mediums increase the time normally needed to
cook pastalike products (Kanjanapongkul, 2017).

One possible and promising alternative that can be
used instead of traditional method to expedite
pasta cooking is ohmic heating. Ohmic heating can
briefly be defined as the method where the food
material behaves as a resistance itself against the
electric current, and as a result the electrical
energy is converted to heat in the cooking domain
and the temperature is increased (icier, 2005;
Varghese, Pandey, Radhakrishna, & Bawa, 2014).
Ohmic heating was invented in 1987 and it has
been used for different purposes such as
pasteurization, sterilization, blanching,
fermentation, extraction to save times and energy
substantially until today (Knirsch, Dos Santos, de
Oliveira Soares, & Penna, 2010). Due to uniform
and volumetric heating behaviour, ohmic heating
ensures homogenous temperature distribution
through the food, but it depends on the electrical
property of the cooking medium. The efficiency of
ohmic heating is determined with electrical
conductivity of the food, applied voltage and time
applied (Mercali, Schwartz, Marczak, Tessaro, &
Sastry, 2014). Ohmic heating has been previously
studied for cooking different food materials such as
rice (Jittanit, Khuenpet, Kaewsri,
Dumrongpongpaiboon, Hayamin, & Jantarangsri,
2017; Kanjanapongkul, 2017), chickpea (Loypimai,
Moonggarm, & Chottanom, 2009),
(Guida, Ferrari, Pataro, Chambery, Di Maro, &
Parente, 2013), quince (icier, Yildiz, Eroglu, Sabanci,
& Eroglu, 2013), cauliflower (Eliot, Goullieux, &
Pain, 1999). It was previously stated that ohmic
heating can accelerate moisture diffusion to
starchy foods due to increased porosity as a result
of the impact of electrical field (electroporation)

artichoke

(Cocci, Sacchetti, Vallicelli, Angioloni, & Dalla Rosa,
2008; Jittanit, Khuenpet, Kaewsri,
Dumrongpongpaiboon, Hayamin, & Jantarangsri,
2017).

Mathematical models are very important in the
optimization of processes such as rehydration.
With the help of mathematical models, the most
suitable

conditions can be determined for
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rehydration of a food, and one can figure out how
the rehydration will be affected by process
variables and how long the rehydration will take
place under certain conditions (Sanjuan, Simal,
Bon, & Mulet, 1999). The Pelegand Weibull models
are widely used in the modelling of rehydration
process (Demiray & Tilek, 2016) and they were
previously used to describe the hydration of
various food stuffs. For example Cocci, Sacchetti,
Vallicelli, Angioloni, and Dalla Rosa (2008) used
Peleg and Weibull models to predict water
absorption of pasta while Diaz, Martinez-Monzo,
Fito, and Chiralt (2003) also used these two models
to predict rehydration behaviour of orange slices.
With Peleg’s equation rehydration kinetics of firik,
dovme and wheat (Maskan, 2002), amaranth grain
(Resio, Aguerre, & Suarez, 2006), broccoli stem
slabs (Sanjuan, Simal, Bon, & Mulet, 1999), red
kidney beans (Abu-Ghannam & McKenna, 1997)
were predicted adequately. However, any study
investigating the water uptake behaviours of pasta
during ohmic heating on pasta cooking and the
performance of mentioned models on it could not
foundin the available literature.

Thus, the aim of this study is to (1) investigate the
effect of applied voltage and time on the
rehydration characteristics of pasta samples, (2)
compare the rehydration characteristics of pasta
samples during ohmic heating and soaking, and (3)
describe and evaluate the moisture change of
pasta cooking process with Peleg and Weibull
equations and asses their efficiency.

2. Materials and Methods
2.1. Materials

Pasta samples (bow-tie pasta), purchased from a
local market in Isparta, Turkey and they were kept
under appropriate conditions at roomtemperature
in a gas/moisture resistant plastic bags until the
experiments. In order to reflect the industrial or
home usage conditions, pasta samples were
cooked using tap water (for further details about
cooking experiments please see section 3.2). But it
was thought that ionic strength of the tap water is
possibly change depending on time and this may

affect the results. Thus, the enough amount of
water that was required for all cooking
experiments were obtained at the same time as a
batch. All the replicates were conducted within
three daysto ensure the results were not affected
from any possible microbiological growth in the
water.

2.2. Methods

Cooking: The pasta:water ratio (w/v) use in the
experiments was 1:10 as recommended by
(Alamprese, Casiraghi, & Rossi, 2011) both for
ohmic heating and soaking. In orderto shorten the
cooking time and ensure the energy efficiency as
aimed in ohmic heating process, required amount
of pasta and water at room temperature were
added in the ohmic cell at the same time for the
ohmic heating experiments and four different
voltage gradients (10, 20, 30 and V/cm) were
applied. The soaking experiments were conducted
using an electric heater in a cooking pot. However,
in order to reflect the traditional cooking habit, the
pasta samples were added into water after target
temperature has reached. During cooking
experiments, pasta samples were taken, drained
and excess wateroverthem were slightly removed
using a tissue paper and weighed periodically. The
weight change of the samples was monitored with
the help of precision scale with a precision of
1/1000 g. All of the cooking experiments were
carried out during the time where any noticeable
change of the last four weight was not observed. A
graphical summary of the study is presentedinFig.

Figure 1. Graphical summary of the study
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Effective water diffusivity and activation energy:
Effective moisture diffusivity was determined to

conduct an idea about moisture transfer
mechanism and effect of different cooking
procedures. Pasta pieces were assumed to be an
infinite slab, since other directions were large
enough compared to the thickness. The effective
moisture diffusivity was defined by Fick’s second
law with the assumption of the diffusionis the only
mechanism controlling the absorption of water
molecules by the pasta samples and following the
by Crank (1975). Irrespective of
temperature, rehydration graphs (see Figs. 2 and 3)
considered two straight lines for regular soaking

solution

and three straight lines for ohmic heating
experiments. These lines were describing the
of stages characterising rehydration
behaviour and one diffusion coefficient was
calculated for every stages assuming that the

number

diffusivity coefficients were to be constant during
every step individually, initial moisture distribution
was uniform, and equilibrium moisture and dry
mater loss from pasta samples were negligible.

M-M

e

Mi_Me

8 © 1 (2n — 1)?n?
:FZ [—(Zn_l)zexp (—D—n 52 i t)] @)

where MR is moisture ratio, M is a moisture
content of the product at a time (kg/kg dry matter),
M. is equilibrium moisture content of the product
(kg/kg dry matter), M, is initial moisture content
(kg/kg dry matter), 6 is total thickness of the slab
shaped product (m), D is diffusion coefficient of
water inside the product (m?/min) and t is time
(min). For long-term cooking, only the first term of
the (Eg. 1) was used to explain the rehydration
process (n = 1). The M, was accepted as the final
moisture content at the end of the cooking

MR =

experiments. With some simplifications, Eq. 2 were
obtained, and effective diffusivity was calculated
by fitting Eq. 2 to the curve of In(MR) vs. time.

In[MR] = In <n£) -D.t.— )

The diffusion coefficient of water can be correlated
either with temperature (see Eq. 3) or applied
electrical potential (see Eq. 4) using the Arrhenius
eqguation (Sanjuan, Simal, Bon, & Mulet, 1999):

D= Doe—Ea/RT (3)
D = Dye Ea/FV 4)

where E, is the activation energy (kJ/mole); Ris the
universal gas constant (8.314 kJ/(mole K)) for
soaking experiments and F is Faraday constant
(96.49 kJ/(mole V)), forohmicheating experiments
in order to endure the unit uniformity of E,; Tis the
absolute temperature (K) where V describes
applied voltage during ohmic heating (V) and D, is
the pre-exponential Arrhenius factor (m?2/min).

Rehydration kinetics and model assessment: To
analyse the rehydration kinetics of pasta samples
during different ways of cooking as defined
previously, two common models in the literature,
i.e. Peleg and Weibull, were selected (Singh &
Erdogdu, 2009), and moisture curves obtained
from pasta samples were fitted these equations.
These models were previously used to describe

moisture uptake of pasta by Cunningham, McMinn,
Magee, and Richardson (2007). Firstly, Peleg
equation (Eg. 5) was used to fit rehydration data
(Peleg, 1988).

t

T ©®)

Mt =Ml

where k; is the Peleg rate constant (min %), k, is
the Peleg capacity constant (%), M, is the initial
moisture content (kg/kg dry solid) and that was
0.1299, M., is the moisture content (kg/kgdry solid)
at time t (min).

The second mathematical model that was used to
express rehydration behaviour of pasta samples
was probabilistic Weibull model as described in
(Eqg.6) (Machado, Oliveira, & Cunha, 1999):

M, = M; + (M, — M,) [1 — exp [— ([t—g)a” (6)
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where ais the shape parameter(dimensionless), f
is the rate parameter (min), M; is the initial
moisture content (kg/kg dry solid), M, is the
equilibrium moisture content (kg/kg dry solid), M,
is the moisture content (kg/kg dry solid) at time t
(min).

The parameters of the proposed models were
obtained be non-linear regression using SigmaPlot
12.0 (Chicago, IL). In order to evaluate the
goodness of fit of the models, the determination
coefficient (R?), the adjusted determination
coefficient (R%q) and the standard error of the
estimate (SEE) values were used (see Eq. 7).

— )2
SEE = M (7)

where y and y’ were actual and predicted data,
respectively; and n was the number of pairs of
scores.

3. Results and Discussion
3.1. Water absorption

The rehydration curves of pasta samples
rehydrated at various temperatures (75, 85 and
95°C) and voltage gradients (10, 20, 30 and 40
V/cm) respectively during soaking and ohmic
heatingwere presented in Figs. 2 and 3. For regular
soaking experiments (seeFig. 2), water absorption
was initially rapid then slowed down as the
That is why
rehydration process may be divided into two
stages, namely initial period and final stage of
rehydration (Cunningham, McMinn, Magee, &
Richardson, 2007). Water absorption rate, and
hence soaking time, were effected from water
temperature where almost the same moisture
content was achieved nearly in 100, 60 and 35

moisture content increased.

mins, respectively at 75, 85 and 95°C. During these
soaking times, moisture content of pasta gradually
increased however did not reach equilibrium as
previously reported by Hasegawa and Adachi
(2014). It was relatively in a small rate but water
uptake of pasta samples was ongoing when
experiments wereended.

During ohmic heating, somewhat different
rehydration behaviour was observed (see Fig. 3).
Because one more rehydration step, defined as
“delayed rehydration stage”, can be described
other than two previously specified stages. In
ohmic heating treatments, initial temperature of
cooking water at room level which was same with
pasta’s temperature but the water
temperature in soaking experiments. Thus,
moisture absorption rate of pasta samples was
almost zero during the first 5 to 15 mins of ohmic
heating at 20-40 V/cm. After this delayed stage
were passed, the water absorption behaviour was
seem to be continue as it was in the initial stage of
soaking. The transition between different stages of
rehydration were quite smooth at 10 V/cm so it
was difficult to specify a duration for delayed stage
however from Fig. 3(a), it can be seen that this
stage was ended sometime betweenfrom40to 60
mins. For ohmic heating experiments the time
required to reach the slowed down rehydration
rate were 140, 35, 25 and 20 mins, respectively for
10, 20, 30 and 40 V/cm electrical potential level.
From these results it can be concluded that

initial

although delayed stage of rehydration due to low
initial temperature of cooking medium were exists,
the rehydration of pasta samples was achieved
faster compared regular soaking.

In order to understand the rehydration behaviour
of pasta samples and also for design and further
optimisation of the processes, effective diffusion
coefficients relating the moisture transfer
phenomenais an important parameter (Maroulis &
Marinos-Kouris, 1996). The calculated effective
diffusivity parameters and associated activation
energy results were showninTable 1. As it is seen,
because of the previously stated reasons
respectively two and three effective diffusivity
values were calculated for soaking and ohmic
heating, for further details please see Section 3.2.3.
These different effective diffusivity coefficients
describes different single stages observed during
rehydration experiments. One can easily conduct
from the results that effective diffusivity of initial
stage of the rehydration (D, for soaking) is higher
than the diffusivity found for final stage (D,)

78



Effect of Electrical Potential and Temperature on Rehydration Behaviour of Pasta Samples during Ohmic Heating, Turgut et al.

meaning that the rate of moisture uptake by pasta
samples were decreasing in time with increasing
moisture content. Onthe other hand, temperature
have shown so sound impact on effective diffusivity
that the diffusivity coefficient calculated for 95°C
were found almost two fold of 75°C. Similar
observations about the moisture diffusivity
coefficients of pasta samples during rehydration
were previously reported by Cunningham,
McMinn, Magee, and Richardson (2007). For ohmic
heating, three different effective diffusivity, i.e. D,,
D, and D;, were calculated for every previously
defined single stage of rehydration. According to
the results, it was observedthatthe highervoltage
led an increment in diffusivity indicating that
moisture diffused into pasta samples easier when
electrical potential were raised. As expected, after
the delayed stage of rehydration has passed an
important incrementin diffusivity was obvious.
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behaviour of pasta samples during soaking

((a) at 75°C, (b) at 85°C, (c) at 95°C)
Surprisingly at final stage, diffusivities were found
higher than that of for initial stage. However,
activation energy required to achieve that diffusion
was increasing in time indicating that moisture was
being absorbed slower in the final stage of
rehydration during ohmic heating while activation
energy values for D; and D, were almost identical
for regular soaking.
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heating ((a) at 10 V/cm, (b) at 20 V/cm, (c)
at 30V/cm, (d) at 40V/cm)
Table 1. Effect of applied voltage and temperature on effective diffusion coefficient and activation energy for

rehydration of pasta

Cooking method Time  D;(x101°) Time D, (x101°) Time D; (x1010)
Ohmic heating
10V/cm 0-30 5.38 30-100 31.15 100-120 56.70
20V/cm 0-12 7.24 12-32 129.61 32-36 357.91
30V/cm 0-5 22.63 5-21 140.08 21-26 386.01
40V/cm 0-5 27.58 5-15 165.06 15-20 427.64
Eq 20459.20 21751.81 26940.84
Dy (x10°) 3.77 31.79 102.95
Soaking
at 75°C 0-65 50.53 65-96 47.14 - -
at 85°C 0-36 62.26 36-52 51.98 - -
at 95°C 0-25 100.65 25-30 91.62 - -
E; 36.57 35.16 -
Dy (x10%) 14.84 8.21 -

- E;isactivation energy (kJ/mole).

- Dois pre-exponential Arrheniusfactor (m2/min).
- Time is cooking time of pasta samples (min).
- D, D,, D3 are effective diffusion coefficients for rehydration of pasta samples during cooking (m?2/min).

Table 2. The calculated parameters of Pegel and Weibull equations at studied conditions of pasta rehydration during

ohmic heating and soaking

Cooking method

Model Equations

Ohmic heating Peleg Weibull
10V/cm k;=53.8724"" o =2.8363""
kz;=3.98E-18"s 6 =90.8793™
R2 =0.9505 R2 =0.9634
R?44i=0.9475 R?44i=0.9588
SEE =0.2018 SEE =0.1787
20V/cm k:=19.0001™" a=2.3760""
k2 =3.14E-16"s 6 =28.2154""
RZ-O 8396 RZ-O 9772
ud/ 0 8326 ad/ 0 9751
SEE =0.3314 SEE =0.1278
30V/cm k:=12.9243™ a=2.0426""
k2 =4.85E-18"s 8 =15.7644""
R?=0.9582 R?=0.9921
R2,4i=0.9566 R%,4i=0.9914
SEE =0.1477 SEE =0.0656
40V/cm k:=10.2440™ a=2.0532"
kz=3.87E-18"s 8=12.3581""
R?2=0.9659 R2=0.9943
R?44i=0.9643 R?44i=0.9938
SEE =0.1352 SEE =0.0564
Soaking
at 75°C k:=10.2009™ a=2.5659""
k>=0.2754"" 6 =29.3043™
R?=0.9716 R?=0.9835
R?44i=0.9706 R?44i=0.9823
SEE =0.1283 SEE =0.0995
at 85°C k:=7.7448"" a=2.6795"
k>=0.2684"" 6 =23.5944™"
RZ =0.9833 R2 =0.9866
R?44i=0.9828 R?44j=0.9856
SEE =0.0942 SEE =0.0860
at 95°C k:=5.0462"" a=3.0400"
k;=0.2318"" 68=17.2290™
RZ =0.9886 R?=0.9903
R?44j=0.9882 R?44j=0.9897
SEE =0.0818 SEE =0.0765

- SEE is “standard error of estimate”

", significant at p<0.05;

", significant at p<0.01;

™, significant at p<0.001; "s, not significant (p>0.05).
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3.2. Kinetic analysis of rehydration process

The two common models in literature, i.e. Weibull
and Peleg, were used to describe the deviation in
moisture content of pasta samples as a function of
time. Model parameters of fitted equations and
their goodness of fit values (R?, R?,4;and SEE) were
presentedinTable 2.

Although both of the equations were found enable
to explain more than 95% of the variation for
regular soaking experiments, Weibull model was
found to be one step ahead of Peleg equation (for
fitted curves please see Figs. 2 and 3). As can be
seen from Table 2, prediction capabilities of the
models were found to be slightly vary depending
on the temperature and both of the modes showed
better performance when temperature was high.

For ohmic heating experiments, Weibull model
proposed a good performance by explaining more
than 95% of the variation in moisture content.
Nonetheless, Peleg model was not as good for
ohmic heating since it does not has the ability of
explaining S shaped trends such as we obtained
from ohmic heating rehydration curves.

It was previously reported that the Peleg constant
k; is related to mass transfer rate and its reciprocal
correlates with diffusion coefficient (Cunningham,
McMinn, Magee, & Richardson, 2007; Maskan,
2002). From the results it can be concluded that
the values of k; showed tendency of decrement
when the processing temperature was increased
indicating an enhancement in initial water
absorption rate (Cunningham, McMinn, Magee, &
Richardson, 2007). A similar result were also
observed for ohmic heating of pasta samples since
the higher voltage levels, the greater k; value. This
result is reasonable because the increment in
electrical potential would no doubt positively affect
the heatingrate of the cooking medium. The other
Peleg constant, k, value, was previously announced
to be a function of temperature and it decreases as
the temperature increases (Cunningham, McMinn,
Magee, & Richardson, 2007; Maskan, 2002). The k,

values calculated in the present study for regular
soaking were in agreement with the literature data.
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Figure 4. Effect of voltage gradient on effective diffusion
coefficients (D1, D2 and D3) ((a) for soaking, (b)
for ohmic heating)

However for ohmic heating, any clear relation
between k, and temperature were not observed
and also k, value were found to be an insignificant
parameterfor ohmic cooking of pasta.

Regarding Weibull model parameters, the shape
factor (a) could be considered as a constant value
for the pasta samples, because of its limited
change during rehydration experiments
(Cunningham, McMinn, Magee, & Richardson,
2007). Although the variation of a was limited, a
minor increment trend of it with respect to
increase in applied temperature can be clearly
observed. That can be related to increment of
moisture transfer ratio with temperature as o was
previously attributed to the existence of mass
transferwhere internalresistance against moisture
transport prevails (Garcia-Pascual, Sanjuan, Bon,
Carreres, & Mulet, 2005).
variation of a for ohmic heating revealed an
opposite behaviour and while the voltage
increased, a were decreased as a consequence.
That unexpected change may be attributed to the

Nevertheless the

“delayed stage” of rehydration at the very
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beginning of the rehydration process. Because this
stage had a retarding impact on moisture uptake
and it was possibly be reflected by the Weibull
model parameters. However, another study stating
the opposite results, meaning faster water
absorption by lower a values can also be presentin
the literature (Garcia-Pascual, Sanjuan, Melis, &
Mulet, 2006). Another kinetic parameter obtained
from Weibull modelwas the rate parameter,i.e. S.
Sam Saguy, Marabi, and Wallach (2005) reported
that f§ represents the required time to accomplish
approximately 63% of rehydration. Thus, £ value
can directly be correlated with rate of moisture
uptake. In the present study, both temperature
and voltage increment resulted in less f value

indicating shorterrehydration time as experienced.

4. Conclusions

In the presentstudy, rehydration of pastasamples
was examined during soaking at different
temperatures (75, 85 and 95°C) and during ohmic
heating at different electrical potential levels (10,
20, 30 and 40 V/cm) as an alternative method of
pasta cooking. It was observed that water
absorption of pasta samples were started at very
beginning of the soaking experiments due to high
initial temperature of medium where noticeable
weight change were recognized after delayed
phase of the ohmic heating. That is why three
different diffusion coefficient were calculated for
ohmic heating, while it was two for regular soaking
and furthermore, ohmic heating was superior
compared to soaking in terms of rehydration rate.
According to the kinetic analysis results of
rehydration experiments, the Peleg and Weibull
models showed promising performance forregular
soaking experiments where the firstone could not
describe moisture change of pastas during ohmic
heating at a desired level.
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Bilindigi Uzere sanayi devrimiyle insana olan gereksinimin yerini makinelesmeye birakmistir. Bu

Anahtar kelimeler makinelerin galismasi iginde elektrik enerjisi ihtiyaci dogmustur. Zamanla sanayi teknolojisinin oldukg¢a

Elektrik; is Givenligi; gelismesiyle elektrige bagimlilik daha da fazlalasmistir. Buda elektrik bakim teknisyenleri, elektrikle
Ergonomi calisma yapan calisanlar agisindan yeni bir sektor dogurmustur. Bu sektoriin yayginlagsmasiyla is

glvenligi agisindan da farkli sorunlar ortaya olusmaktadir. Bu¢alismada galisanlaringalisma yasaminda
yasayabilecegi veya yasadiklari temel sorunlari tespit edip 6neriler sunarak bu sektorde is kazalarini
kaynaginda yok etmeye yonelik olarak yapiimistir.

Determination of Occupational Accidents in Industrial Production and
Suggestions for Solutions
Abstract

Determination of work-related accidents in industrial production regarding electricity experienced and
their solutions. The need for manpower has replaced with mechanization since the industrial
revolution. Electrical energy in the operation of these machines was needed. The addiction to Electricity

Keywords
Electricity;Work Safety;
Ergonomics

has increased since the development of industrial technology, which has given birth to a new study in
electrically sector in terms of employees and electrical maintenance technicians. With the spread of job
security in this sector, different issues have been revealed. This thesis has been studied to destroy the
sources of work-related accidents by offering suggestions to detect the underlying problems the
employees mightlive, or live in their work life.

© Afyon Kocatepe Universitesi

“De Morbis Metallicis”dir

1.Giris

is saghg ve is glivenliginin gelisimi incelendiginde
heniiz gelisemeyen toplumlarda calisan kesimin
sagliklarint muhafaza etmeye yoénelik herhangi bir
dnlemeye rastlanmamistir (Yiksel, 2001). is saghg
hakkinda bilinen ilk calisma, maden isletmelerinde
is yeri hekimi olarak galistigi yillarda, tarihte ilk is

hekimligi kitabi olan
(Ersoy, 2004). Dunyada ilk mineraloji uzmani olarak
bilinen ve 1494 ile 1555 yillari arasinda yasayan
Georgius Agricola; bazi  zehirlerin  etkilerini
belirlemis, koruyucu o©nlemler 6nermistir. 1530
yiinda “De Re Metallice” isimli eserini
yayinlamistir.1633 ile 1714 yillar arasinda yasayan
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is saghgr ve gilvenligi acisindan ciddi anlamda
¢alismalar yapan Bernardino “De Morbis Artificum
Diatriba” (Demir, 2003) adiyla cikardigi kitabinda
bilhassa is kazalarini 6nlemeye yonelik, is
yerlerinde koruyucu gilvenlik dnlemlerin alinmasi
yoninde onerilerde bulunmustur.

is saghgl ve giivenliginde en cagdas, en kokli
nitelikteki calismalar
italya’da kendini gdstermistir. Bilimsel anlamuyla is

Bernardino Ramazzini ile

hekimligi kendini gostermeye baslamistir. Ancak
gelismelerin devami sanayi inkilaplar
ingiltere’de gerceklesmistir. 17.yy’in ortalarina

sonrasi

dogru ingiltere’de is saglgi ve giivenligiyle (EPDK,
2016) ilgili olarak “On Saat Yasasi ve 1833 yilinda
“Fabrikalar Yasas!” c¢ikarilmistir. 19. yy’da bu
calismalarda artis goriilmis ve 1919 yilinda kurulan
Calisma Orgiti  (ILO) “Milletler
Cemiyetine” kurulmustur. 1946 yilindaysa Birlesmis
Milletlerle anlasma sonucunda bir
uzmanlk kurulusu durumunda olmustur (ILO,
2018).

Glnumizde var olan bilimsel teknolojik gelismeler
meslek hastaliklari ve is kazalarinin temelini
ortadan kaldirma olanaklari sunmustur. Ozellikle

Uluslararasi

imzaladig

Uluslararasi Calisma Orgiiti ve Diinya Saghk
Orgiiti’niin sagladigi katkilarla olumsuz calisma ve
saghk  kosullarinin  iyilestiriimesi icin  yasal
dizenlemeler bilimsel ¢alismalarla baslayan siireg
geliskin ve olduk¢a kapsamh bir is glvenligi
mevzuatinin olusmasini saglamistir. is saghg ve
givenligi etkilerine teknik eleman, hukukeu, fen
bilimci, hekim ve diger uzmanlik alanlarinda bilinen
bircok bilim insanin katilmasiyla is saghgl ve
glivenligi alani ortaya ¢ikmis ve uygulama alani
bulmustur.

is kazalarinin &nlenmesi amaciyla yapilan ilk
bilimsel yaklasim H.W.Heinrich, Domino Teoremi
ismiyle ortaya koymustur (Sabet, 2013). Daha
sonraki c¢alismalarda Givensiz Davranislar ve
Glvensiz durumlarin is kazalarina sebep oldugu
daha netortaya konmustur.

XXI. Diinya is Saghgi ve Giivenligi Kongresinde
sunulan Avrupa isci Sagligi ve Givenligi Ajansi ve
Uluslararasi Calisma Orgiitiiniin hazirladig raporda;
disik mesleki glivenlik ve saglik harcamalarinin
neden oldugu belirtilmistir. Yapilan isle ilgili

yaralanma ve hastaliklarin, yillik yaklasik 6 milyar

avroya ulastigl bununda GSYiH lzerindeki payinin

%3,9'a ulastigl belirtilmistir (Safety, 2018).

Dinya Kongresinde sunulan diger hususlar su

sekildedir.

e isle ilgili yaralanma ve hastaliklarin bir sonucu
olarak, DALY (engellilikten arindiriimis yasam
yillari) diinya ¢apinda 123.3 milyon (AB'de 7.1
milyon) kaydedilmistir.

e Bunlardan 67,8 milyonu (AB'de 3,4 milyon)
olimler, 55,5 milyonu (AB'de 3,7 milyon) engel
olusturan yaralanmalar olarak gortlmustdr.

e Cogu Avrupa llkesinde, ise bagh kanser,
maliyetlerin ¢ogunlugunu (119,5 milyar Avro
veyaAB’nin GSYiH nin % 0,81’i) olusturmaktadir.
Kas-iskelet sistemi rahatsizliklari ikinci en blyik
katki yapmaktadir (Cetindag, 2010).

Elektrik carpmasi, elektrik

vlicudundan ge¢mesi ile olusan durumdur. Bitlin

akiminin  insan
akimlar vicut topraga bagh
tehlikeli olmaktadir.

Elektrik  carpmasi, elektrik akiminin insan
vliicudundan gecmesi ile olusan durumdur. Biitlin

oldugunda daha

akimlar vicut topraga bagl
tehlikeli olmaktadir.
Elektrik carpmasi

oldugunda daha

sonucu ortaya c¢lkan Klinik
Bulgular su sekilde siniflandiriimistir.

A- Kalp Gzerine etkileri

- SinUs tasikardisi

- SinUs bradikardisi

- Atriyal tasikardi-fibrilasyon

- Ventrikllertasikardi-fibrilasyon

- Kalp bloklari

- ST-T dalga degisiklikleri

- Hipertansiyon

- Myokard nekrozu

- Asistoli (kalbin durmasi)

B- Solunum sistemi tizerine etkileri
Solunum arresti (solunumun durmasi)

C- Diger organlar Gizerine etkilerietkileri
- Suurkaybiya da suur degisiklikleri
- Olayrhatirlamama(amnezi)
- Gegici motor paralizi,CK BB artisl
- Beyino6demi
- Deride yaniklar
- Bobrekyetmezligi (myoglobiniri)
- Kompartman sendromu,CK,CK-MM, myoglobin
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artisi, kas raptiri

- Sindirim sistemi kanamasi

- Kataraktvb g6z hasarlari

- lIsitme kaybi, kulak ¢inlamasi

- Kisilik degisiklikleri,konusma kaybi,simsek
¢akmasi-gok glriltisi fobisi

Elektrigin viicuda girdigi ve ¢ktigl noktalarda her
zaman birer yara vardir. Giris yarasi oldukca kiiclik
ama c¢lkis yarasi genis ve derin olabilir. Yaranin
boyutu ic organ hasarlart hakkinda bilgi
vermemektedir (Yilmaz, 2003)

2.Yontem

Arastirmada kullanilan model, evren ve 6rneklem,
verilerin toplanmasi, islenmesi bunlar olusturma
calismalan, istatistik teknikler yer almaktadir. Bu
arastirmada sanayi Uretimde elektrikle c¢alisan
tekniker, teknisyen gibi ¢alisanlarin karsilastiklari is
glvenligi sorunlari belirlenecektir. Bu sebeple
arastirmanin yuratilmesi igin tarama modelinden
yararlanilmistir.  Arastirmada istanbul
Anadolu yakasi sinirlari icerisinde bulunan sanayi
Uretiminde elektrikle calisan isciler
olusturmaktadir. Belirlenen bu evrende tesadifi
orneklem yontemi ile on sanayi Uretim tesisi
orneklemiolusturmaktadir.

evrenini

acisindan katki saglayacak
literatlir taramasindan sonra tespit ettigimiz

bulgular ve edindigimiz tecriibelerin yani sira

Bu calismada bilgi

uzman gorislerinden ve yapilmis arastirmalardan
bilgi toplama yontemi Olceklerinden de
yararlanarak calisanlara uygulanmak Uzere bir
anket formu gelistirdik. Daha sonra bu formlar bir
sanayi Uretim tesisinde 10 calisana uygulayarak
gorisleri cercevesinde revize edilmistir. Anlasirhgi
test edilip gerekli diizeltmeleri yapildiktan sonra
¢alisan grubu igin 100 adet 6rneklem grubundaki
deneklere ulasilarak formlar uygulanmistir.

Calisanlara uygulanan anket iki
olugmaktadir. Birinci bélimde kisisel o6zellikleri ve
arastirma konu ile ilgilii konumlarini sorgulayan 14
tane soru bulunmaktadir. ikinci bélimde ise
calisanlarin is glivenligi konusundaki tutumlara dair

bolimden

26 soru bulunmaktadir.
Calisan anketlerin ikinci bolimiinde sorulan 26 soru
dortli derecelendirme olcegi ile derecelendirilmis
her bir karsisina (1)

sorunun Kesinlikle

Katilmiyorum, (2) Katilmiyorum,(3) Katiliyorum, (4)
Kesinlikle Katiyorum anlamini tasiyan
derecelendirme oOlcegiverilmistir.

Uyguladigimiz bu anketler Windows Office 2007
Excel programinda kodlanarak bilgisayara islenmis
daha sonra bu veriler CROSSTAB istatistik analiz
programinin da yardimiyla tablo ve grafik sekline
dondstardlmastir.  Veri  analizlerinde frekans,
ortalama, ylzde ve standart sapma kullaniimistir.
Anket c¢alismalarinda anlamhlik diizeyi p olarak
ifade edilmektedir. Calisanlar icin gelistirilen
p<0,05 dizeyindekiler kabul
edilmistir. Elde edilen bilgilerin kolay analiz edilip
yorumlanabilmesi amaciyla tablolar sekline

anketin anlaml

getirilmis ve bu bulgular yorumlanmistir.

Yas: is Kazalarina iliskin anketimize katilanlarin
yaslari ve arastirmadaki yas degiskenindeki ylizde
oranlari ile sekiz sinifta toplanmistir [<20;%16], [21-
25;%17], [26-30;%0], [31, 35;%18], [36, 40;%12],
[41-45;%14], [46-50;%16], [50>;%7].

Gelir Durumu: Gelir durumuna iliskin verilen
yanitlarda; [<1500; %20] [1501-2500; %40], [2501-
3000; %171, [3000; %19] oldugu belirlenmistir.
Medeni Durum: Medeni hale iliskin sorulara
verdikleri cevaplarda; [Bekar; % 60], [evli, %40]
oldugu gorilmistir.

Egitim Durumu: Egitim durumlari incelendiginde
[non-education; %4, [ilkogretim; %43],
[highschool;  %23], [lisans ve Ustl; %30]
mezunlarindan olustugu goériilmektedir.
is Deneyimi: Katiimcilan is
incelendiginde olusan dagilim su sekildedir: [>1;
%8], [1-3; %17], [3-5; %27], [5<%48], tecriibe
sureliler olusturmaktadir.

Meslek Se¢cme Etkeni: Meslek segimlerine iliskin
sorulara; [aile/cevre etkisi; %37], [egitim alani;
%23], [arkadas; %33], [geliri; %7]
yanitlanmistir.

Sektor: Sektore cevaplar su sekildedir. [Uretim-
imalat; % 24], [servis-bakim; %76].

Calisan Kisi Sayisi: isletmede calisan sayisinailiskin
oranlar su sekildedir: [1-10; %51], [11-25; %28],
[26-50; %10], [51<; %11].

isyerine Ulasim Mesafesi: Deneklerin is yerlerine
ulasim slreleri [5-%12], [6/10-%10], [11/30-%40],
[31/60-%10], [61/120-%21] olarak belirlenmistir.

tecribesi

seklinde
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Calisanlarin  is  kazalarina

incelenmistir.

iliskin  durumlari
Calismaya katilan deneklerin is
yasamasina iliskin verdikleri
cevaplar su sekildedir. %29 oraninda yasadigini,

kazasi sorulara
%4 oraninda ise
ramak kala olayini yasadigini belirtmislerdir (Sekil
2).

%67 oraninda i yasamadigini,

Ramak
Kala 4%

EVET
29%

HAYIR
67%

Sekil 1.
Bulgular.

Calisanlarin is Kazasi Yasamalarina” iliskin

Arastirmaya katilanlarin is kazasina sahit olmalarina
iliskin sorulara verdikleri cevaplar su sekildedir.
%55 oraninda is kazasina sahit oldugunu, %45

oraninda ise is kazasina sahit olmadigini
belirtmislerdir (Sekil 3)

EVET

55%

Sekil 2. Calisanlarin is Kazasina Sahit Olma Durumuna”
iliskin Bulgular

is yerinden memnun musunuz? Sorusuna verilen
yanitlar su sekildedir: 62 - memnun, %11 -
distinmedigini, %23 mecbur oldugunu ve %4 -

memnun degilim (Sekil 4).

Mecbure
n
23%

Diisiinme
dim EVET
11% 62%
HAYIR

4%

Sekil 3. Calisanlarinis Yerinden Memnuniyete iliskin Bulgular

2.1 Sanayi Uretiminde Elektrikle Calisanlarin s
Giivenligi Hakkindaki Goriisleri

Calisanlarin Yaslan ile ilgili iliskili Bulgular:

“Saglik Kontrollerin Yeterli Oldugunu Disindyor
musunuz?” sorusunda c¢alisanlarin yaslari ile ilgisi
incelenmistir ve Sekil 5te sunulmustur. Toplamda
% 52 oraninda ifadeye olumsuz goris verilirken,
%48 oraninda bu ifadeye katiim gosterdigi
goriilmektedir. Yas degiskenine gore anlaml bir
iliski gortlmustir (p=0.008<0.05).

<2 21-30 31-35 36-40 41-45 46-50 0<

(=
o N

o N B O

M Kesinlikle Katilmiyorum B Katilmiyorum

m Katiliyorum B Kesinlikle Katiliyorum

Sekil 4. “Saglik Kontrollerin Yeterli Oldugunu Dusuniyor
musunuz?”’ ifadesine iliskin dagilimlari

“Sirketinizde s Saghgi ve Guivenligi Hakkinda
Etkinlik Diizenleniyor mu?’’ sorusunda calisanlarin
yaslari ile ilgisi incelenmistir ve Sekil 6'da
sunulmustur. Toplamda % 44 oraninda katihm
gosteriimemekle beraber %56 oraninda bu ifadeye
katihm belirlenmis ve bu ifadenin yas degiskeni ile
anlaml bir iliskisi gorilmustiir (p=0.012<0.05).
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14
12
10

o N B OO

<20 21-30 31-35 36-40 41-45 46-50 50<

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 5. “Sirketinizde Is Saghgi ve Givenligi Hakkinda Etkinlik
Diizenleniyor mu?” ifadesine iliskin dagilimlari

“Yaptigim isle ilgili Ozel Olarak Diizenlenmis Egitim
Aldim.” sorusunda calisanlarin yaslari ile ilgisi
incelenmistir ve Sekil 7’de sunulmustur. Toplamda
% 40 olumsuz ve %60 oraninda bu ifadeye olumlu
katiim gosterilmis ve degiskenine gére anlamli bir
iliski bulunmustur (p=0.000<0.05).

14
12
10

<20 21-30 31-35 36-40 41-45 46-50 50<

o N B OO

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum B Kesinlikle Katiliyorum

Sekil 6. “Yaptigim Isle ilgili Ozel Olarak Diizenlenmis Egitim
Aldim.” ifadesine iliskin dagilimlari.

“Sirketimizde Kisisel Koruyucu Donanimlar Dogru
Stoklanmistir.” ifadesinde iliskin sonuglar Sekil 8'de
gosterilmektedir. ifadeye %25 olumsuz ve %75
olumlu goris bildirilmis olup yas degiskenine gére
anlamli bir iliski gérilmektedir (p=0.027<0.05).

12

o N B OO

<20 21-30 31-35 36-40 41-45 46-50 50<

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 7. “Sirketimizde Kisisel Koruyucu Donanimlar Dogru
Stoklanmistir.” ifadesine iliskin dagihimlari.

Calisanlarin Aylik Gelirleriyle iliskili Bulgular:

“Is  Kazast ve Olasiliginda Isyeri Uretimi
Durdurulmaktadir.” gorisine iliskin sonuglar Sekil
9de verilmistir. ifadeye genel yaklasim %27
olumlu, %73 olumsuz gorls ile gelir durumuyla
anlaml bir iligki tespit edilmistir (p=0.021<0.05).

25

20

5
. IIlII-l-I

<1500 1501-2500 2501-3000 3000>

M Kesinlikle Katilmiyorum ® Katilmiyorum

Katiliyorum B Kesinlikle Katiliyorum

Sekil 8. “Is Kazasi ve Olasihginda Isyeri Uretimi

Durdurulmaktadir.” ifadesine iliskin dagilimlari.

“Sirketinizde is Sagligi ve Guvenligi Hakkinda Tim
Mevzuatve Standartlara Uyuluyor.” Maddesind eki
sonuglar Sekil 10°da verilmistir. Toplamda %55
katihm gosterilmemis ve %45 oraninda olumlu
yanit verilmistir. Gelir degiskenine gére anlamli bir
iliski gortlmektedir (p=0.010<0.05).
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25
20
15

10

O I

<1500

(6]

1501-2500 2501-3000 3000>

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 9. “Sirketinizde is Saghgl ve Giivenligi Hakkinda Tiim

Mevzuat ve Standartlara Uyuluyor.” ifadesine iliskin

dagilimlar.

“Yaptigim isle ilgili Ozel Olarak Diizenlenmis Egitim
Aldim.” Gorislne iliskin sonucglar Sekil. 11'de
gorilmektedir. Genel toplamda bu ifadeye %60
oraninda olumlu gorus bildirilirken %40 gibi bir
oran bu ifadeye katilmamaktadir. Gelir degiskenine
gore anlamli bir iliski gorilmektedir
(p=0.000<0.05).

20

<1500 1501-2500 2501-3000

15

10

(O]

o

3000>

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum B Kesinlikle Katiliyorum

Sekil.10 “Yaptigim isle ilgili Ozel Olarak Dizenlenmis Egitim
Aldim.” ifadesine iliskin dagilimlar.

“Saglik Kontrollerin Yeterli Oldugunu Disiinlyor

musunuz?” ifadesine verilen vyanitlara iliskin
sonuglar Sekil 12'de gosterilmektedir. Bu ifadeye
katilim gostermeyenlerin orani %52 iken %48
oraninda olumlu goris bilindirilmistir. Bu ifade gelir

degiskeniile iliskilidir (p=0.000<0.05).

25
20

15

10
5 I
, il

<1500

1501-2500 2501-3000 3000>

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 11. “Saglik Kontrollerin Yeterli Oldugunu Dusuniyor
musunuz?” ifadesineiliskin dagilimlar.

Galisanlarin Medeni Durumu ile iligkili Bulgular:
“Is Saghg ve Guvenligi Sisteminin Basaril
Olmasinda Yénetimin Katkisi Onemlidir.” ifadesinde
belirlenen sonuclar Sekil 13'de verilmistir. Verilen
yanitlarin %82 olumlu goris icermekte iken %18
olumsuz goriis bilirmistir. Bu ifade ile medeni
durum arasinda anlaml bir iliski gorilmustir
(p=0.006<0.05).

35

30

25

20

15

10

Evli Bekar

B Kesinlikle Katilmiyorum B Katilmiyorum

Katiliyorum m Kesinlikle Katiliyorum

Sekil 12. “is Saghgi ve Giivenligi Sisteminin Basarili Olmasinda
Yénetimin Katkisi Onemlidir.” ifadesine iliskin dagilimlari.

“Haklarinizi ve Sorumlulugunuzu Biliyor musunuz?”
Sekil 14’de
oraninda katiim

ifadesine iliskin verilen yanitlar
gosterilmistir. Burada %77
gosterilmisken, bu ifadeye katilmayan kisi orani
%23'tlr. Soru maddesiyle medeni hal degiskenine
gore anlamli bir iliski gorilmektedir
(p=0.000<0.05).
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30
25
20
15

10
: [
O .—

Evli Bekar

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 13. “Haklarimizi ve Sorumlulugunuzu Biliyor musunuz?”
ifadesine iliskin dagilimlari.

“Yaptiginiz isle llgili Karsilasabilecek Meslek
Hastaliklarin Farkindayim’ gortstine iliskin sonuglar
Sekil 15'de verilmistir. Burada katilimcilarin %75’i
farkindaliklarini belirtmis ancak %25 bu konuda
farkindaliga sahip olmadigini bildirmistir. Bu
ifadeye ile katiimcilarin medeni hal durumlan

arasinda anlamli  bir iliski gorilmektedir
(p=0.001<0.05).
40
30
20
) .|
0 .- . [
Evli Single

B Kesinlikle Katilmiyorum B Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 14. “Yaptiginiz isle ilgili Karsilasabilecek Meslek

Hastaliklarin Farkindayim” ifadesine iliskin dagilimlari.

“Is Arkadaslarimin Kaza Yasamasi Durumunda
Onlan Nasil Kurtaracagimi Biliyorum” gorisiine
iliskin  sonuclar Sekil 16'da
Katiimcilarin %76’s1 bu riskin farkinda olduklarini
bildirmesine ragmen %24l bu konuda farkindaliga
sahip olmadiklarini bildirmislerdir. Bu risk ifadesi ile
medeni hal degiskenine goére anlamli bir iliski
gorilmektedir (p=0.018<0.05).

verilmektedir.

35
30
25
20
15

10
5
o N mm o

Evli Bekar

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 15. “Yaptiginiz isle ilgili Karsilasabilecek Meslek

Hastaliklarin Farkindayim”” ifadesine iliskin dagilimlari.

Calisanlarin Egitim Seviyesi ile iliskili Bulgular:

“Elektrik Carpilmasiyla ilgili Nasil Kaza Olabilecegi
Konusunda Bilgi Sahibiyim.” ifadesine iliskin
sonuglar Sekil 17’de verilmistir. %79 oraninda
katilimcr bu konu hakkinda bilgi sahibi olugunu
belirtmis ancak % 21 oraninda ki katilimcinin bilgi
sahibi olmadig1 belirlenmistir. Bu ifade ile egitim
durumu degiskenine gore
gorilmistir (p=0.030<0.05).

anlamh  bir iligki

40
30
20
10 I I
0 I — . II |
Okur Yazar  ilkdgretim Lise Lisans ve
Degil Gsti

M Kesinlikle Katilmiyorum B Katilmiyorum

Katilyorum B Kesinlikle Katiliyorum

Sekil 16. “Elektrik Carpilmasiyla ilgili Nasil Kaza Olabilecegi
Konusunda Bilgi Sahibiyim.” ifadesine iliskin dagihimlari.

“Statik Elektrik Tehlikesini Biliyorum.” ifadesine
iliskin sonuglar Sekil 18’de verilmistir. Katiimcilarin
%74’U bu konuda bilgi sahibi iken, %26 oranindaki
katihmcilarin  bu konudaki tehlikenin farkinda
olmadigl anlasiimaktadir. Bu ifade ile egitim
durumu degiskeni arasinda anlamli bir iliski tespit
edilmistir (p=0.026<0.05).
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H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 17. “Statik Elektrik Tehlikesini Biliyorum.” ifadesine iliskin
dagihimlar.

“Haklarinizi ve Sorumlulugunuzu Biliyor musunuz?”
sorusuna verilen yanitlar Sekil 19'da verilmistir.
Burada katiimcilarin %77’si hak ve sorumlulugunu
bildigini ifade etmistir. Ancak % 23 oraninda
katiimcinin bu konuda bilgisi olmadigi anlasiimistir.
Sorunun durumu

oldugu

yanitlanmasinda  egitim
degiskenine gore anlamh bir iliski
gorilmektedir (p=0.002<0.05).

25

20

15

10 I I
| . N

Okur -Yazar ilkégretim Lise Lisans ve
degil st
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B Kesinlikle Katilmiyorum B Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 18. “Haklarinizi ve Sorumlulugunuzu Biliyor musunuz?”
ifadesine iliskin dagilimlari.

Calisanlarin “ilk Yardim Konusunda Bilgi Sahibiyim.”
ifadesine yanitlar Sekil 20'de
gosterilmektedir. Katilimcilarin - %65’i ilk yarim

verilen

konusuna bilgi sahibi oldugunu %35’i ise bu konuda
bilgi sahibi olmadigini gérmekteyiz. Bu ifade egitim
durumu degiskeni ile anlaml bir iliskiye sahiptir
(p=0.006<0.05).

30
25
20
15
10 I
5
. 1 | II _
Okur - Yazar ilkdgretim Lise Lisans ve
degil st

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 19. “ilk Yardim Konusunda Bilgi Sahibiyim.” ifadesine
iliskin dagilimlar.

is Tecriibesi Degiskeni ileiliskili bulgular:

“Is Saghg ve Guvenligi Sisteminin Basaril
Olmasinda Yénetimin Katkisi Onemlidir.” ciimlesine
iliskin bulgular Sekil 21’de verilmistir. %82 oraninda
bu ifadenin dnemli oldugunu ifade edenlere karsi
%18 oranindaki katilimci grubu énemli olmadigini
distinmektedir. Bu yanitlarin tecriibe degiskenine

gore anlamli bir iliski gorilmektedir
(p=0.040<0.05).
25
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B Kesinlikle Katilmiyorum B Katilmiyorum

Katiliyorum B Kesinlikle Katiliyorum

Sekil 20. “is Saghgi ve Givenligi Sisteminin Basaril Olmasinda
Yénetimin Katkisi Onemlidir.” ifadesine iliskin dagilhimlar.

“Yaptigim Iste Elektrik Carpma Riski Vardir.”
ifadesine iliskin katihmci gorisleri Sekil 22'de
verilmistir. %66's!
oldugu ancak %34'nin bu farkindaliga sahip
olmadigi anlasiimaktadir. Bu

Katilimcilarin riskin farkinda

ifadede tecriibe

degiskenine gbére anlamli bir iliski goriilmektedir
(p=0.00<0.05).

92



Sanayi Uretimde Elektrikle ilgili Yasanan is Kazalarinin Belirlenmesi ve C6ziim Onerileri, Ersoy

20
15

10

0-| ||I|||

1-3 Vil 3-5vil

(O]
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Katiliyorum M Kesinlikle Katiliyorum

Sekil 21. “Yaptigim iste Elektrik Carpma Riski Vardir.” ifadesine
iliskin dagilimlari.

“lIk Yardim Konusunda Bilgi Sahibiyim.” ciimlesine
katihmci  oranlann  Sekil  23'de  verilmistir.
Katiimcilarin %65’i bu konuda bilgi sahibi olugunu
belirtirken, bilgi sahibi olmadigini belirtenlerin
orani %35'dir. Sorgulanan ifadeile tecriibe arasinda
anlamli bir iliski gorilmustir (p=0.027<0.05).
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B Kesinlikle Katilmiyorum B Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 22. “ilk Yardim Konusunda Bilgi Sahibiyim.” ifadesine
iliskin dagilimlari.

“Gorev ve Sorumluluk Alaninizla ilgili Olarak Saglik,
Glvenlik, Tehlike ve Risklerin Dogru Sekilde

Belirlendigini Duslinilyor musunuz?” sorusuna
verilen vyanitlar Sekil 24’de verilmektedir.
Katilimcilarin - %68'i bu ifadeye olumlu goris
tasirken, % 32oraninda ki katiimci bu ifadeye

katilmamaktadir. Bu ifadenin tecriibe degiskeni ile
Ore anlamli bir gorilmektedir

(p=0.013<0.05).
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Sekil 23. “Gorev ve Sorumluluk Alaninizla ilgili Olarak Saglik,
Guvenlik, Tehlike ve Risklerin Dogru Sekilde Belirlendigini
Dugliniyor musunuz?” ifadesine iliskin dagilimlari.

Kisi Sayistile iliskili bulgular:

“Yaptiginiz Isle lgili Karsilasilabilecek Meslek
Hastaliklarin ~ Farkindaym.” ifadesine
Sekil 25'de  verilmistir.
katilanlarin  %75’i bu riskin farkina oldugunu
belirtmis ama % 25 oranindaki katiimcr bu riski
bilmediklerini ifade etmisleridir. Bu cimleye verilen
yanitlar ile firmada calisan sayisi arasinda anlamli
bir iliski gorilmektedir (p=0.034<0.05).
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Sekil 24. “Yaptiginiz isle ilgili Karsilasilabilecek Meslek
Hastaliklarin Farkindayim.” ifadesine iliskin dagilimlari.

“Yaptigim iste Elektrik Carpilma Riski Vardir.”
iliskin katihmci yanitlar Sekil 26'da
incelendiginde %66
oraninda riskin bilindigi, % 34 oraninda ise bu riskin
bilinmedigi goriilmekte olup c¢alisan sayisi
degiskenine goére anlaml bir iliski gorilmektedir
(p=0.001<0.05).

ifadesine

verilmistir. Genel olarak
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Sekil 25. “Yaptigim liste Elektrik Carpilma Riski Vardir.”
ifadesine iliskin dagilimlari.

“Sirketimizde Kisisel Koruyucu Donanimlar Dogru
Stoklanmustir.” Sorgusuna iliskin katilimci oranlari
Sekil 27'de gosterilmistir. Bu madde kapsaminda
genel %75 oranindaki
katiimci isyerlerinde koruyucu malzemelerin dogru
stokladigini ifade etmis ancak %25’lik kesim bu
distincede olmadigini belirtmistir. Bu ifade ile

katihm irdelendiginde

calisan sayisi degiskenine goére anlamli bir iliski
bulunmaktadir (p=0.030<0.05).
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Sekil 26. “Sirketimizde Kisisel Koruyucu Donanimlar Dogru
Stoklanmistir.” ifadesine iliskin dagilimlari.

“Is  Kazasi ve Olasiliginda isyeri Uretim
Durdurulmaktadir.” ifadesine iliskin gosterge Sekil
28'de verilmistir. katihmcilarin = %73’
Uretimin durduruldugunu, %27 ise lretim devam
ettigini belirtmistir. Bu
degiskeninde anlaml bir iliski tasidigl belirlenmistir
(p=0.000<0.05).

Burada

ifadenin calisan sayisi
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Sekil 27. “is
Durdurulmaktadir.” ifadesine iliskin dagilimlari.

Kazasi ve Olasiliginda Isyeri Uretim

isyerine Ulasim Siiresiiile iliskili bulgular:
“Calisma Davranislarimiz Kontrol Edilmektedir.”
Sorusuna verilen yanitlar Sekil 29’da sunulmustur.
%64 oraninda bu ifadenin dogru oldugu, %34'niin
ise yanlis buldugu goriilmektedir. Bu soruda ulasim
suresinin verilen yanitlar Gzerinde anlamli bir iliski
tasidig belirlenmistir (p=0.021<0.05).
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Sekil 28. “Calisma Davranislarimiz Kontrol Edilmektedir.”
ifadesine iliskin dagilimlari.

“Parlama, Patlama, Yangin ve Yangin Riski Taslyan
isler Yapmaktayim.” Ciimlesine katilimcilarin orani
Sekil 30’da verilmistir. Burada katiimcilarin %61 bu
isleri yapmadigi bildirmis, ancak %31 oraninda ki
katihmci  grubun  bu islerde aldig
gorilmektedir. Bu ifade ulasim siresi ile iliskilidir
(p=0.019<0.05).

gorev
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Sekil 29. “Parlama, Patlama, Yangin ve Yangin Riski Taglyan
isler Yapmaktayim.” ifadesine iliskin dagilimlari.

“Sirketinizde s Saglg ve Givenligi Hakkinda
Etkinlik Dilizenleniyor mu?” ifadesine ait goris
dagihmlarn Sekil 31'de verilmistir. Genel olarak
bakildiginda  katilanlarin ~ %56’s1  etkinliklerin
diizenlendiginidistiinmekte, %44’ i ise etkinliklerin
dizenlenmediginibelirtmistir.
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Sekil 30. “Sirketinizde is Saglig1 ve Givenligi Hakkinda Etkinlik
Diizenleniyor mu?” ifadesine iliskin dagihmlari.

“Is Saglgi ve Glivenligi Uygulamasinin Baslamasiyla
is Yerinizde is Kazalar Azaldl.” ciimlesine iliskin
sonuglar Sekil 32’de verilmistir. Goértlmektedir ki
%82 oranindaki katiimci bu ifadeye katilmakta,
%18 oraninda ki katihmci ise uygulamanin kazalari
azaltmadigini belirtmistir. Bu madde de ulasim
siresi degiskenine goére iliski bulunmaktadir
(p=0.043<0.05).
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Sekil 31. “is Saghgi ve Giivenligi Uygulamasinin Baslamasiyla is
Yerinizde s Kazalari Azald1.” ifadesine iliskin dagilimlari.

is Kazasi Yasama Ulasim Siiresi ile iliskili bulgular
“Calisma Davranislarimiz Kontrol Edilmektedir.”
ifadesine iliskin ulgular Sekil 33'de verilmistir.
Toplamda %66 oraninda bu ifadeye katilim
gosterirken, %34 oraninda katiimc aksi yonde
goris bildirmistir. Verilen cevaplarda bu ifade ile is
kazasi yasama degiskenine gore anlamli bir iliski
gorilmektedir. (p=0.000<0.05)
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Sekil 32. “Calisma Davraniglarimiz Kontrol Edilmektedir.”
ifadesine iliskin dagilimlari.

“ls Arkadaslarimin Kaza Yasamasi Durumunda
Onlar Nasil Kurtaracagimi Biliyorum.” igin verilen
Sekil 34'te
katihmcilarin ~ %76’si kontrol mekanizmasinin
calistig diisiincesinde iken %24’k kisim bu ifadeye
katilmamistir. Burada, is kazasi degiskenine gore,
anlamli iliski bulunmustur (p=0.039<0.05).

yanitlar sunulmustur.  Burada
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Sekil 33. “is Arkadaslarimin Kaza Yasamasi Durumunda Onlari
Nasil Kurtaracagimi Biliyorum.” ifadesine iliskin dagihimlari.

“Is Sagligi ve Glvenligi Uygulamasinin Baslamasiyla
is Yerinizde is Kazalari Azaldl.” Gérisiine iliskin
agihimlar Sekil 35'de verilmistir. Bu ifadeye katihm
orani %82 olmakla beraber %18 oranindaki
katiimci bu durum hakkinda bilgi sahibi olmadig
belirtmistir. Bu ifadede, is kazasi degiskenine gore
anlamli bir iliski belirlenmistir (p=0.045<0.05).
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Sekil 34. “Is Saglig1 ve Givenligi Uygulamasinin Baglamasiyla is
Yerinizde is Kazalari Azald1.” ifadesine iliskin dagilimlari.

is Kazasina Sahit olma dediskeni ile iliskili bulgular
“Dogal Afet Durumunda Ne Yapmaniz Gerektigini
Biliyor musunuz?” sorusuna iliskin dagihm Sekil
36’da verilmistir. Katiimcilarin bu durum karsinda
yapilmasi gerekenler hakkinda bilgi sahibi olanlarin
orani %59 iken %41 oraninda katilimci bu soruya
olumsuz yanit vermistir. Verilen is kazasina sahit
olma degiskenine
(p=0.012<0.05).

gore iliski gortlmektedir
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Sekil 35 “Dogal Afet Durumunda Ne Yapmaniz Gerektigini
Biliyor musunuz?” ifadesine iliskin dagilimlari.

“Yaptiginiz isle llgili
Hastaliklarin

Karsilasabilecek Meslek
Farkindayim.” ifadesine iliskin
sonuglar Sekil 37’da gosterilmistir.  Arastirmaya
katilanlarin %75’i bu konuda farkindaliga sahipken
%25’lik  kismin  ise  bilgi sahibi olmadig
gortlmektedir. Bu ifade ile is kazasina sahit olma
degiskeni arasina anlamh bir iliski bulunmaktadir
(p=0.020<0.05).
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Sekil 36. “Dogal Afet Durumunda Ne Yapmaniz Gerektigini
Biliyor musunuz?” ifadesine iliskin dagilimlari.

“Elektrik Carpmasiyla ilgili Nasil Kaza Olabilecegi
Konusunda Bilgi Sahibiyim.” ifadesine iliskin agiim
Sekil 38'de gosterilmistir. ifade lzerindeki genel
dagilim ise %79 orani olumlu goris bildirenler, %21
ise olumsuz goris bilirinler olarak belirlenmistir. Bu
maddenin is kazasina sahit olma degiskenine gore
anlamli bir iliskisi bulunmustur (p=0.039<0.05).
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sekil 37.
Konusunda Bilgi Sahibiyim.” ifadesine iliskin dagilimlari.

“Elektrik Carpmasiyla ilgili Nasil Kaza Olabilecegi

“Is Arkadaglarimin Kaza Yasamasi Durumunda
Onlar Nasil Kurtaracagimi Biliyorum.” ile ilgili
gorislerin - agilimi Sekil 39'da gorilmektedir.
Katiimcilarin %76’s1 bu urum hakkinda bilgi sahibi
iken, %24'lik kisim bilgi sahibi
belirtmistir. Bu ifade ile is kazasina sahit olma
degiskenine gore anlamh bir iliski gorilmektedir
(p=0.000<0.05).

35

30

25

20
15

10
5
o EmEm |
NO

Evet

olmadigini

B Kesinlikle Katilmiyorum B Katilmiyorum

Katiliyorum H Kesinlikle Katiliyorum

Sekil 38. “is ArkadaslariminKaza Yasamasi Durumunda Onlari
Nasil Kurtaracagimi Biliyorum.” ifadesine iligkin dagilimlari.

Calistigin Kurumdan Memnun Olma Degiskeni ile
iliskili Bulgular

“Sirketinizde is Sagligi ve Guvenligi Hakkinda Tim
Mevzuatve Standartlara Uyuluyor.” ifadesine iliskin
yanitlar Sekil 40'da verilmistir. Bu ifadeye %55
katihm  gostermezken %45 olumlu  goris
bildirmistir. Burada is yerinden memnun olma
degiskenine goére anlaml bir iliski goriilmektedir

(p=0.000<0.05).

35

30

25

20

15

10 I

(5) - | I
(\\)& \6{- Q@Q x\\\@
O < @ o
S & § o
¢ A3 0 N
N <
@Q/

H Kesinlikle Katilmiyorum m Katilmiyorum

Katiliyorum M Kesinlikle Katiliyorum

Sekil 39. “Sirketinizde is Saghgi ve Givenligi Hakkinda Tiim

Mevzuat ve Standartlara Uyuluyor.” ifadesine iliskin

dagilimlari.

“Saglik Kontrollerinin Yeterli Oldugunu Disiiniyor
musunuz?” sorusuna iliskin katiimci yanitlar Sekil
41'de sunulmustur. Bu ifade %52 olumsuz goéris
bilirmistir. %48 oraninda ise yanit
verilmistir. Bu soru ile is yerinden memnun olma

olumlu

degiskeni arasinda anlaml iliski gorilmustir
(p=0.001<0.05).
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Sekil 40. “Saghk Kontrollerinin Yeterli Oldugunu Duslniyor
musunuz?” ifadesineiliskin dagilimlari.

“Patlama, Parlama, Yangin ve Yangin Riski Tagiyan
isler Yapmaktayim.” ifadesine iliskin sonuclar Sekil
42’'de verilmistir. Toplamda % 61 oraninda katilim
olmadigl, %39 oraninda bu ifadeye katiim oldugu
belirlenmistir. ifadenin is yerinden memnun olma
degiskeni ele alindiginda gore anlaml bir iliski
gorilmektedir (p=0.036<0.05).
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Sekil 41. “Patlama, Parlama, Yangin ve Yangin Riski Tasiyan
isler Yapmaktayim.” ifadesine iliskin dagilimlari.

“Yaptigimiz isler Adim Adim Planlanmis ve
Tanimlanmistir.” ifadesine ait sonuclar Sekil 43’'de
verilmistir. Bu ifadeyi olumlu yanitlayanlar %84
iken katilmayanlarin orani %16’dir. Bu ifade ile is
yerinden memnun olma degisken arasinda anlamli
bir iliski bulunmaktadir (p=0.028<0.05).
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Sekil 42. “Yaptigimiz isler Adim Adim Planlanmis ve
Tanimlanmistir.” ifadesine iliskin dagilimlari.

5. Sonuglar
Arastirmamizda
calisanlarin,

elektrikle
is saghg ve
glvenliginin saglanmasidir. Ayrica ve verimli bir is
hayati ile daha mutlu bir sosyal yasantiya sahip

sanayi Uretiminde

¢alisma hayatlarinda

olabilmeleri igin karsilagtiklar veya
karsilasabilecekleri  sorunlarin  tanimlanmasidir.
Sonu¢ olarak sanayi Uretimde elektrikle

¢alisanlarin, sorunlar ve dizeyleri belirlenmis ve
asagidaki sonuclar elde edilmistir.

5.1 Demogratif Bilgilerine iliskin Sonuglar

1. Anket calismamiza katilan 100 kisilik arastirma
grubumuzun vyaslarindaki dagilimin esit sekilde
dagildig1 goriilmektedir. Burada sadece 50 yas Ustl
katiimcinin %7 oldugu ve calisan kesimde endisuk
orana sahip grup oldugu gorilmektedir.

2. alsanlarin  sahip oldugu gelir
incelendiginde 1501-2500 TL arasi kazanca sahip
olanlar %44 ile en yiiksek orana sahip grup oldugu
belirlenmistir. 2501-3000 TL alan grup %17 katihm
orani ile en diisiik orana sahiptir. Calisanlarin cogu
asgari Ucret veya biraz Gzerindeki rakamlarla
calismaktadirlar.

dizeyi

3. Arastirmaya katilanlarin medeni duruma
verdikleri cevapta %40'nin Evli ve %60 ise Evli
olmadiklari  gorilmektedir. Evli ve c¢ocuklu
calisanlarin is gilvenligi konusunda daha dikkatli

olmasi beklenmektedir.

4. Calisanlardan %86 calistigl yere yakin oturmakla
beraber, %3’l santiyede, ylizde %11’i ise evinden
uzakta konaklamaktadir. Ailesinde uzakta kalanlarin
is glivenligi riski ile daha sik karsilasabilmektedir.

5.Egitim durumu incelendiginde %30 Lisans
derecesine sahip iken %4 oraninda okuryazar
olmadigi gorilmektedir. Calisanlarin  6gretim
dizeyinin ylksekligi is glvenligi konusunda
farkindaliga sahip olabileceklerigostermektedir.

6. Calisanlarin %48’i 5 yil ve lzerinde tecriibeye
sahip olduklari goriilmektedir.1yildan az tecriibeye
sahip olanlarin oraniise sadece %8.

7. Meslek segme nedenlerinden aile ve ¢evre etkisi
%37 ile en yiiksek orandadir. isi sevdigi icin meslek
segimi oraniise sadece %7'dir.

8. is alanlarini incelendiginde Uretim ve imalat
yapan isletmelerde galisanlarin orani %24 iken
Servis ve Bakim alaninda calisanlarin orani ise
%74 tlr.
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9. isletmelerde calisan kisi sayisi incelendiginde
%51 oraninda ki isletmenin ¢alisan sayisi 1-10
arasindan ki kiclk isletmeler oldugu
gorilmektedir. 25 kisi ve tilindekioranise %20.

10. isyerine 11-30 dakika icinde ulasanlarin orani
%40. 31-60 dakika icinde ulasanlar ise %10
oranindadir. Calisanlarin isyerine yakin yerlerden
geldigi gorilmektedir.

11. Calisma sirasinda is kazasina ugramadigini
distnenlerin  orani %67 iken is
ugrayanlarin orani %33’t{ir.

kazasina

12. Calisanlarin %45’i herhangi bir is kazasina sahit
%55’lik kisim  bir is kazasina tanik
oldugunu belirtmistir.

olmazken

%62'si
memnun oldugu belirtmisken kalan kisim ¢alismaya
mecburoldugunu ve isyerlerini sevmedikleriniifade
etmislerdir.

13. Anketimize katilanlarin isyerinden

5.2 Sanayi Uretiminde Elektrikle Calisanlarin is
Giivenligi Hakkindaki Gériisleri Durumlarina iliskin
Sonuglar

1. Saglk kontrollerinin yeterli olduguna iliskin
yanitlarda firma galisan sayisi g6z 6niine alindiginda
kictk isletmelerde katiimama yoniinde katiim
olmasina karsi 41 ve Ustl calisan sayisina sahip
isletmelerdekilerin bu ifadeye katillm ydninde
gorls bildirdikleri gorilmektedir. Calisana sayisi
fazla olan firmalarda yasanabilecek olumsuz
durumlarin yasanamamasi icin gerekli 6énlemleri
aldigi ve mevzuatidikkate aldigi goriilmektedir.

2. 'Sirketinizde is Saghgi ve Givenligi Hakkinda
Etkinlik Dlzenleniyor mu?’ ifadesinde isletme
calisana sayisi degiskenine gore anlamh bir fark
olugsmustur. 31-35 calisanh firmadakiler bu gorise
kesinlikle katiimayan en blytk grup oldugu
gorilmektedir. Bu ifadeye katilmayan gruplar ise
21-30 ve 41-45 calisina sahip grup oldugu
gorilmektedir. 36-40 kisi ¢alistiran firma calisanlari
bu ifadeye %91,7 ile katiim gosteren grup oldugu
goriilmektedir. 46 ve calisanlarda bu ifadeye tam
olarak katilmaktadir. Calisana sayisinin artmasi

Firmalarin is glvenligi ve saghgi konusundaki
etkinlikleri diizenledigigorilmektedir.

3. Calisanlarin yaptigi isle ilgili dizenlenen egitim
programina dahil olup olmadiklari soruldugundan
35 kisi altinda calisanlarin bu ifadeye katilmadiklar
gorilmektedir. 36 kisi ve Ustl calisana sahip
isletmeler mevzuatin 6nerdigi sekilde calisanlara
Ozel egitimler diizenlemekte oldugu gérilmektedir.
4. Kisisel koruyucu ve donanimlarin saklanmasinin
dogru yapildig1 gorisi soruldugunda tiim gruplarin
bu ifadeye katildiklari gorilmektedir.

5. Is Kazasi veya olasiliginda isyerinde iretimin
durdurulmasi soruldugunda g¢alisanlarin %73’G bu
ifadeye katildiklar gorilmustir. En cok katilan ise
geliri  <1500TL olanlarin  %100°G bu ifadeye
katilmaktadir.

6. is yerinde is mevzuatlarinin en yogun sekilde
geliri <1500 TL altinda olanlarin, en az da gelir
grubu 3001< TL uygulandig
gorilmektedir.

7. Gelir grubuna gore yaptigl iste ozel egitim
aldigini  dastnenler %60 oraninda oldugu
gorilmektedir. Gelir grubu <1500 TL altinda
olanlarin cogu buifadeye katilmamaktadir.

8. Saglik kontrollerinin yeterliliginde gelir grubuna
gore %52 bu gorise katilmadiklar gorilmustir.

olanlarda

9. is sagligi ve giivenligi siteminin basarili olmasinin
temelinin yonetimden gectigigoriilmektedir.

10. Hak ve sorumluluklarinizi biliyor musunuz
sorusuna verilen cevap gb6z oniline alindiginda
onemli bir kisminin bilingli olduklari gérilmistir.
11. Yaptiklar is ile ilgili karsilasabilecekleri meslek
hastaliklarini konusunda bilgi sahibi olduklarini
gozlenmistir.

12. is arkadasinin herhangi bir is kazasina maruz
kalmasinda nasil  kurtaracagini bildiklerini
disliinmektedirler.

13. Dogal afetler konunda oranlar birbirine yakin
ciktigl gorilmektedir.

14. Calisanlar yaptiklar islerle alakal talimatlarin
oldugu konusunda yeterince bilgi sahibi degillerdir.
15. Sanayi Uretimde elektrikle c¢alisanlarin %34
elektrik carpilma riskinin olmadigini belirtmislerdir.
16. Elektrik carpilmasina karsi en bilgili oldugunu
diisinen grup okur/yazar olmayan grup oldugu
gozlenmistir. Ama statik elektrik tehlikesini de
bilmediklerini ifade etmislerdir.
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17. Haklarini ve sorumluklarini, ilkyardim
konularinda okuryazar olmayan grup kendilerini
yeterligdormektedir.

18. Az calisanlarin olduklari isletmelerde gorev ve
sorumluluk alaninla ilgili olarak saghk, gilivenlik,
tehlike ve risklerin dogru sekilde belirledikleri
gorulmusgtdr.

19. Elektrik carpilma riski 50 ve daha fazla calisanin

oldugu isletmelerde daha fazla oldugu
dustndlmektedir.
20. Calsan sayisi fazlalastikca is kazasi ve

olasihiginda isin durdurulmayacagini disinenlerin
sayisi artmaktadir.

21. Kisi sayisinin az oldugu isletmelerde calisan
davranislari daha az gozlemledigi tespit edilmistir.
22. Calsanlarin biyik cogunlugu vyaptiklari iste
parlama, patlama,
disiinmektedir.

23. is yerine ulasim siresinin 30 dakika Ustiinde

yangin  riski  oldugunu

olanlarda is saglhgi ve glivenligi Gizerine diizenlenen
etkinlikler daha fazladir.

24. Is sagligi ve giivenligi uygulamalarinin baslamasi
is kazalarinin azalttig1 diistintlmektedir.

25.is kazasi yasayanlar c¢alisma davranislarinin
kontrol edildigini diisinmektedir.

26. Is kazasi yasayanlarin ve ramak kala olayini
yasayanlar, is arkadasinin basina is kazasi gelmesi
durumunda nasil  davranmasini  gerektigini
bildiklerini diisinmektedir.

27.is kazasini ramak kala yasayanlarin is saghgi ve
glvenligi uygulamalarinin ise yaradigini
distinmektedir.

28. Is kazasi yasayanlarin birim ydneticisi tarafindan
denetlenmedikleri, en ¢ok ramak kala olayini
yasanlarin denetlendiklerigorilmistdr.

29. is kazasina sahit olanlar daha ¢ok dogal afet
konusunda bilingli olanlar.

30. is kazasina sahit olanlar olmayanlara kiyasla
meslek hastalklari  konusunda daha bilingli
olduklari gbzlenmigtir.

31. Elektrik carpilma riski konusunda calisanlarin
bilgi sahibi olduklari gbzlenmistir.

32. is arkadaslarinin is kazasi yasamasi durumunda
nasil yardimci olabilecegi konusunda is kazasina

sahit olanlar daha ¢ok bilinglidir.

33. is yerinden memnun olamayan, mecburi
calistiklarini ifade edenler mevzuat ve standartla
pek uyulmadigini diisiinmektedir.

34. is yerinden memnun olmayanlarin hepsi
kesinlikle saglik kontrollerinin yetersiz oldugunu
dustinmektedir.

35. Calisanlar yaptiklarn islerin  adim adim
planlanmis oldugunu diisinmektedir.

6. Oneriler

Kisisel koruyucu ve donanimlarin sirketler

tarafindan 0Ozenle saklandigi goérilmektedir. Bu
malzemeler kolay ulasilabilir olmasi ve uzun siire
kullanilabilmesine etkilidir. Firmalarin bu
malzemeleri dogru yodnde saklamasinin 6nemi
anlatilmaldir.

Saglik kontrollerinin kiglk isletmelerde vyeterli
olmadig gorilmektedir. Saglk raporlarinin kapsami
genisletilmeli ve bu raporlari diizenleyen kurumlar
daha fazla denetlenmelidir.

Calisan sayisi azaldikca gerek is saghgi ve glivenligi
egitimleri, gerekse mesleki anlamda egitimlerinin
yetersizligi gozlenmistir. Bununla ilgili olarak en
basta az calisan sayisi olan isletmeler olmak lizere
verilecek egitimlerin kapsami genisletilmeli, is
saghgl ve glvenligi agisindan, c¢alisan sayisi
gozetmeksizin bitlin isletmelere uygulanmasi
gerekmektedir. Meslegin yarattigi riskler igin
calisanlar egitimlerle dahafazla bilinglendirilmedir.
Calisanlar is kazasi yasadiktan veya ramak kala
olayini yasadiktan sonra is glvenligi egitimlerinin
biraz daha sikilastigini ama birim yoneticilerinin ise
hala ayni sekilde devam ettiklerini belirtmisler.
Calisanlar is saghgr ve givenligi calismalarinin
yonetimin  katisinin  olacagini  ama  birim
yoneticilerin bilhassa yeterli katki saglamadiklarini
duslnyorlar, bununlaalakall olarak yénetim birimi
en basta egitilmesi gerekmektedir. Birim yoneticisi
sertifika programlari uygulanmali, sertifikasi
olmayan yoneticiolmamalidir.

Meslek hastaliklari konusunda is kazasina sahit
olanlar, olmayanlara oranla daha bilingli oldugu
gozlenmistir. Meslek hastaligi konusunda tim
calisanlar bilinclendiriimedir. Bu
egitimler saglik raporu alindiktan sonra verilip

istenen tahliller Gzerinden anlatilmasi daha kalici

daha fazla

etkiyaratir.
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is yerinden memnun olmayanlarin ¢ogu gerekli
mevzuat ve yasalara uyulmadigini disinmektedir.
Calisma kosullarinin denetimi daha siki bir sekilde
ve cezai yaptirimlari daha fazla olmalidir.
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istanbul’da yiiksekdgrenim okumakta olan dgrenci sayisi 2017-2018 egitim-6gretim yilinda yaklasik 1

milyona ulasmistir. Bu sayl bazi dlkelerin nifusundan daha fazladir. Bu 6grencilerin bir kisminin
Tlrkiye'nin dort bir yanindan geldigi de bilinen bir gergektir. Bu &grenciler, dizenli olarak kendi
memleketlerine seyahat etmektedir ve seyahat tercihleri de seyahat firmalan tarafindan baslica
unsurlardan biri olarak gorilmektedir. Bu ¢alisma; bahsedilen seyahat firmalarinin, yliksekogrenim
Ogrencilerine yonelik pazarlama amagl galismalarinda kullanabilecegi bir icgdri sunmaktadir. Bu
¢alismanin amaci Marmara Universitesi'nde 6grenim gérmekte olan miihendislik &grencilerinin
Anahtar kelimeler sehirlerarasi seyahat tercihlerini arastirmaktir. Bu calismada, 260 mihendislik 6grencisine 26 soru ve 9
Siniflandirma; K-means  pgliimden olusan bir anket uygulanmistir. Demografik bilgilerin haricinde, 6grenciler; en gok seyahat
algoritmasi; edilen sehirler, tercih edilen seyahat tiirli, seyahat sirasinda tercih edilen firmalar, seyahat bileti satin
Kiimeleme; Seyahat alma tercihleri ve sehirlerarasi seyahat ederken karsilastiklar problemler hakkinda sorular yanitladilar.
Tercihleri Dikkat edilmesi gereken bir nokta, bu ¢alisma icin sadece kategorik degiskenlerin kullaniimis oldugu
dikkate alinmalidir ve 06grencilerin seyahat tercihleri ile ilgili tutumlarinin sonug¢ olarak dikkate
alinmadigl géz o6ninde bulundurulmalidir. ilk olarak anket verisinde yapilan analizler; betimsel
istatistiksel analizler ve ardindan cesitli degiskenlerin bagimsizlik durumu igin yapilan chi-kare
testlerinden olusmaktadir. Sonrasinda yapilan analizler Hiyerarsik Dendogram, Yigilma Tablosu ve K-
Means algoritmasiniigermektedir. Yigilma Tablosu i¢in Ward’s linkage kullaniimistir. Dirsek noktas1 222.
noktada isaretlenmistir. Bu degeri kullanarak, K-means algoritmasindaki kiime sayisi 6 olarak
belirlenmistir. Son olarak, mihendislik 6grencileri 6 kiime igerisinde siniflandiriimistir ve bu kiimelerin
ozellikleri verilmistir.

Classification of Engineering Students for Traveling Preferences
Abstract

Higher education students in Istanbul was nearly one million in 2017-2018 academic year, which is

more than some countries’ population. It is known that a portion of them are coming to Istanbul from
all around Turkey. These student travel to their hometowns regularly, and their preferences are
thought to be essential for traveling companies. This research offers an insight to these companies
when they provide campaigns for marketing purposes to university students. The aim of this paper is to
investigate intercity travelling preferences of engineering students in Marmara University. A survey

Keywords
Classification; K-means
algorithm; Clustering;

Traveling Preferences with 9 sections and 26 questions is conducted on 260 engineering students. Apart from demographics,

the students answered questions on their most frequently visited cities, preferred mode of
transportation, companies they choose while traveling, ticket purchase preferences, and problems that
they come across during intercity travel. Note that, only categorical variables are collected for this study
and students’ attitude on choosing the traveling mode isn’t projected hereby. Former analysis
conducted on survey data is descriptive statistical analysis, following are chi-square tests for
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independence of several cross variables. Latter analysis consists of Hierarchical Dendogram,

Agglomeration Schedule and K-means algorithm. Ward’s linkage is used for Agglomeration Schedule.

Elbow point is indicated at 222nd point, using this value the number of clusters for K-means algorithm is

selected 6. Finally, the engineering students are classified into 6 clusters and their cluster characteristics

are provided.

1. Introduction

This study is researched for determination of
traveling preferences and their reasons with
conducting an online survey to the respondents
from engineering students who are from different
departmentsin Marmara University.

The results from the respondents (students) whose
families are living in another city are important
because these students generally travel intercity
more than other students and it is expected that
their rate of consciousness is higher in traveling
decisions.

The main aims of the study are finding what affects
the decisions of students on traveling especially in
intercity travels (i.e. money, time, distance, service
quality, etc.), classifying the students according to
their traveling preferences (i.e. preferring airway,
railway or road) and preparing a valuable research
on that topic which can be helpful to tourism
companies such as airlines, bus companies, etc. In
addition, this research offers an insight to these
tourism companies about when they make
campaigns to reach more students and make much
money.

On the topic of traveling preferences there are
limited number of valuable studies which can be
helpful to the tourism companies in Turkey. This
problem causes unconscious campaigns and waste
of money which targetthe youngpeople between
18 and 25 years old. As an illustration, if a company
make a discount on tickets at the rate of 50% in
first week of the January to the students who are
registered to their loyalty program, their
expectations about the increase in sales will be
failed probably because majority of the students
won’t travel during their final exams period.

While applying the survey, the main challenge that
is met are the participants who give answers

© Afyon Kocatepe Universitesi

without consistency and accuracy. In order to
preventrelated problems, the number of questions
in the survey is a wide area about intercity
customer

traveling. The survey researched

preferencesin many aspects.

The rest of the paper is as follows. Section two
presentsthe literature review. Section three gives a
brief information about methodology and analysis
conducted. Section four consist of survey partsand
each part gives the descriptive analysis about the
participants. Section five explains clustering
application and shows the variables that are used
in clustering. Section six provides information
about the six clusters’ characteristics and Section
seven concludes the study.

2. Literature Review

Keskin (2007) studied about the factors that are
affecting the intercity traveling preferences of
university students within the scope of least
squares method and Tobit model. In the data, the
main variables as distance between university and
the hometown, grade, grade point average (GPA),
and gender of the student, size of the family, and
household income. Also, Acikalin (2014) examined
the traveling preferences of the university students
and the demographic, economic effects on these
preferences and the long-distance, short-term
traveling preferences. Results of the surveys has
three main factors: i) demographics of the
participants ii) transportation vehiclesiii) important
factors on the preferences Inner city and upstate
traveling preferences were examined in detail. And
on different continent, Slabbert and Van Der
Merwe (2012) studied about the travel behavior of
South African tourism students. Main focus areas
on the survey is demographic characteristics,
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holiday preferences, travel types, and motivations
on traveling.

Chiou and Chen (2010) investigated the service
expectation and perception, passenger satisfaction,
airline image and behavioral intentions of the Low
Cost Carriers (LCC) services. Then, validated results
compared with the Full Service Carriers (FSC). And
on this topic, Lin and Huang (2015) aimed to
develop and evaluation model to determine the
relative weights of the factors influencing
passenger choice of LCCs through Analytic Network
Process (ANP) during group decision-making. ANP
was utilized to solve multi-criteria decision-making
problems in which the criteria affect passenger
choice of LCCs. On this topic, Buaphiban and
Truong (2017) examined how Southeast Asian
passengers’ attitudes and behaviors affect their
purchase of LCC tickets. Lu (2017) searched that
low cost and full service carries in Taiwan and
compared them in many aspects. Data was
collected from an online survey which is made
before by different company and assessed the
potential of principal component analysis with
biplot technique to define different passengers
based on their preferences of services and
valuations of the importance of factors. Koklic etal.
(2017) investigated relationship between customer
satisfaction and service quality. Authors compared
two airline types: LCC and FSC.

Shields, P. O. (2011) aimed to determine the
impact of wanderlust on past travel profiles,
attitudes toward travel destinations for business
and leisure. Alsoimpact of genderontravel related
attitudes and behaviors was the another aim.

Valdes (2015) investigated what effects on the air
travel demand for Middle Income Countries (MICs).
Data of 32 countries during the period between
2002 and 2008 were used.

Losada et al. (2016) aimed to identify the variables
that influence the travel frequency of Spanish
seniors, one of the most important collectives for
the tourism industry given its high travelfrequency
which depends on variables determining travel
participation. Tomsic et al. (2016) investigated the
relations between the old users who are using the

Ljubljanacity buses, theirtraveling habits, and their
physical (dis)abilities.

Celikkol et al. (2017) examined the demand and
usage of High-Speed Rail (HSR). Aim of the survey
was clarifying travel preferences of HSR users. The
survey includes questions about socio-
demographicdata (gender, age, household income,
occupation, etc), the rating of 6 factors (travel
time, cost, safety, punctuality, comfort, and
environmental sensitivity) with the 4 levels of
importance, traveling modes depending on the

purpose, and HSR usage.

Graham and Metz (2017) prepared a paper which
aimed to analyze the characteristics of infrequent
flyers and the reasons for their travel habits, using
the United Kingdom (UK) as a case study. In this
research, datafrom the UK, Germany, Belgium, and
Netherlands was used.

Yaylall and Dilek (2017) examined the factors
affecting the airline company preferences of the
persons in domestic travels. The factors were
subjected to the 5-point Likert analysis. For all of
the airline companies; ticket prices, along with
timely departure-arrival, safety, comfort, and
cancellation status of the flights were factors that
having the highest averages.

Katona et al. (2017) used in this research based on
a previous research a multimodal technic. Routing
algorithm was developed and prepared to
recognize and take into account the habits of the
travelers, to reach this a model was constructed
which involves these parameters.

De Vos (2018) investigated that travel mode is
affected by travel related attitudes of people.
According to collected data, people are separated
with their socio-economic and demographic
characteristics.

Kouwenhoven and de Jong (2018) searched for
empirical evidence to support that the value of
travel time can theoretically be defined as the
opportunity cost of travel minus the direct utility
from spending the time during the trip. The topics
which analyzed are effect of finding a shorter trip
usefuland a longertrip veryinconvenient, effect of
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having devices available during a trip and effect of
beingable to spend traveltime in a usefulway.

18 articles were analyzed and summarized.
Generally, the articles are searched for answers to

these types of questions:

e What exactly do they want to research
abouttravelling preferences?

o  Which methods are used by researchers?

e How do they use different methods for
their data?

o How dotheyselecttheir respondents?

e How dothey categorize the respondents?

e How do they create a survey about
travelling preferences?

In general, answers to such questions were sought.
The answersfound shed light on us for this study. It
was understood which methods are used in the
articles. Considered issues were taken in the
creation of the questionnaire created. In these
surveys, it was seen which questions categorized
the respondents.

3. Methodology

In this study, intercity travelling preferences
Marmara University is investigated with an
empirical survey. The survey is designed after a
literature review of previous studies. The survey is
focused on demographic information, most
frequently visited cities, preferred mode of
transportation, companies they choose while
traveling, ticket purchase preferences, and
problems that they come across during intercity
travel. The 26 questions are prepared with that
considerations and survey is prepared and started
to apply on respondents who are engineering
students in Marmara University. The survey is
applied with Google Forms and answered by 260
respondents between December 2018 and March
2019. The descriptive analysis is applied after the
application which includes preprocessing of data in
order to make proper analysis. For the descriptive
analysis part, some inferences are obtained, and
results are examined with chi-square tests for

independence of several cross variables. Finally,

clustering analysis is applied on the data set in
order to group students according to their
preferences. The analysis includes Hierarchical
Dendrogram, Agglomeration Schedule and K-
means algorithm. Ward’s linkage is used for
Agglomeration Schedule. The methodology is
shownin (Figure 3.1).

4. Data

Survey consists of 8 sections and 26 questions. 260
students who are studying at Marmara University
Faculty of Engineering participated in the survey.
The results of the questionnaire include the
personalinformation of the students, theirincome
status, the cities they travel, the reasons for
traveling, their travel frequencies, travel mode and
the campaigns preferred.

4.1. Personal Information

This section contains 6 questions which include
gender, age, living area, grade, personaland family
income to find out participants’ demographic
information (Figure 4.1.1 and Figure 4.1.2).

Female
154
59%

Male
106
41%

Figure 4.1.1. Distribution of Gender
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 <700TL
100
38%

1,501-2,500TL

35
700-1,500TL 14%
116
159 ~>2,500TL
9
3%

Figure 4.1.2. Distribution of Personal Income (TL)

4.2. Traveling Regions

In this section, most three visited cities are
surveyed. Since there are 81 cities in Turkey, wide
variety of cities are collected. Therefore, the cities
are grouped according to their regions (Table
4.2.1).

Table 4.2.1. The most visited regions

Regions Frequency Percentage
Marmara 103 40 %
Aegean 56 21%
Black Sea 34 13%
Mediterranean 29 11%
Central Anatolia 29 11%
Null 7 3%
Eastern Anatolia 2 1%

4.3. Traveling Reasons

In this section, the traveling reasons of

respondents and their traveling motivations are
requested. Respondents could select more than
one reason (Figure 4.3.1).

__Holiday
207
46%
. ~___Busines
Family N - 23
208 ——Other  cq,
46% 14
3%

Figure 4.3.1. Traveling Reasons

4.4. Transportation Preferences

This section contains 4 questions which include
travel mode, reasons to choose that travel mode,
the time they prefer to travel and car sharing
preferences (Figure 4.4.1and Figure 4.4.2).

irli Private
Airline _ Car
153 141
28% 6%
Train
Bus_ ~____Other l?;;’
173 26 o
31% 5%

Figure 4.4.1. Travel Mode
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Figure 4.4.2. The reasons to choose that travel mode
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4.5. Travel Frequency and Purchasing Types

In this section, five questions are asked which are
about ticket purchasing type, preferences about
search choice,
frequency and traveling period (Figure 4.5.1 and
Figure 4.5.2).

engines, payment traveling

. Mobil
Cheap Ticket . © .I
R application of
Search Engines
_the company
109 66
[+}

26% 16%
Web page of _ Office
the company_—— 60

187 14%

44%

Figure 4.5.1. Ticket Purchasing Types

lessthan3
times Between 4
80... and 7 times
99
38%
Morethan8 ™4
times
81...

Figure 4.5.2. Traveling Frequency (in a year)

4.6. Airline Company Preferences

This section is about respondents’ airline company
preferences and the reasons to choose that
company (Figure 4.6.1 and Table 4.6.1).

40%
35%

30%
25%
20%
15%
10%
1.
0% N ==

Airline Companies

Percentage

S

Figure 4.6.1. Airline Company Preferences

Table 4.6.1. The reasons to choose that company

Frequency Ratio
Ticket Price 168 39 %
Customer Relationship 77 18 %
Do not preferairline 52 12 %
Catering 51 12%
No Delay 47 11 %
Free Seat Selection 29 7%
Lounge Service 5 1%

4.7. Bus Company Preferences

This section is about respondents’ bus company
preferences and the reasons to choose that
company. (Table 4.7.1 and Figure 4.7.1)

Table 4.7.1. Bus Company Preferences

Frequency Ratio
Kamil Kog 142 31%
Pamukkale 102 22 %
Metro 55 12 %
Ulusoy 52 11 %
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Other 45 10 %

NilGfer 34 7%
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Figure 4.7.1. The reasons to choose related company

4.8. Campaigns and Problems

This section contains four questions about
the being informed by the campaigns, variety of
campaigns, reservation dates and traveling
problems (Table 4.8.1 and Figure 4.8.1).

Table 4.8.1. Campaign Types

Campaigns Frequency Ratio
Two-way ticket 104 40 %
Early reservation 76 29 %
Mobile application a4 17 %
Loyalty program 19 7%
Mile campaign 12 5%
Null 5 2%

35%
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Figure 4.8.1. Traveling Problems

5. Clustering Application

Clustering is the best-known data mining

method used to classify observations into
homogeneous groups (Giudiciand Figini (2009)). In
this study, clustering is applied on the data set in
orderto group studentsaccording to their traveling
preferences. Hierarchical Dendrogram,
Agglomeration Schedule and K-means algorithm

are implemented for clustering purposes.

From the survey questions 15 variables are
selected for analysis. (Table 5.1) Note that, 260
students answered the survey, however due to
missing values 228 of them are used in clustering
First a Hierarchical Dendrogram s

continuing with an Agglomerative

analysis.

produced,
Schedule using Ward’s linkage method. In order to
determine the number of clusters an
Agglomeration Graph is drawn in Figure 5.1. The
Elbow point in Figure 5.1. is used to decide on the
number of clusters. It is clear that the breaking
point is on 222" point. After this point, fast
increments are observed and 228-222=6 clusters
are appropriate for this study. Hence, 4 and 5
clusters with k-meansis also analyzed and revealed
that with 6 clusters a more suitable distribution of

the students is obtained.
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Table 5.1. Variables and their options

Other

TravelFreq

3 orlessin ayear, between4
and 7 in a year, more than 8
inayear

WhenTravel

Afterfirst exam week, After
final exam week, Public
holiday, Summer holiday

Airlst

Turkish Airlines, Pegasus,
Atlas Jet, Onur Air, Sun
Express, Anadolulet, | do not
travel by airline

AirReasonilst

No delay, Catering, Price,
Customerrelationship,
Lounge, Free seat selection, |
do nottravel by airline

Pamukkale, KamilKog,
Niltifer, Uludag, Ulusoy,

Busist Metro, Canakkale Truva,
Vivalines, | do not travel by
bus
Catering, Price, Shuttle

BusReasonlst service, Easy access, 2+1

Seat selection, Wi-Fi, Meal
Service

Camplnform

Family and friends, Internet,
TV advertisement,
Newspaper

WhichCamp

Early reservation, Return-
ticket advantage, Mile
campaign, Membership
program, Special offerfor
mobile app

WhenBuyTic

0-2 weeks ago, 3-5 weeks
ago, More than 5 weeks ago

Variable Alternative Choices
Gender Female, Male
Age 18-20, 21-23, Above 23
. Dormitory, Separate house,
Living Area . . . .
With family, With relatives
Prepclass, 1st grade, 2nd
Grade
grade, 3rd grade, 4th grade
< 2000 TL, 2000-5000 TL,
Famlncome
5001-8000 TL, > 8000 TL
< 700 TL, 700-1500 TL, 1501-
Perlncome
2500 TL, > 2500 TL
Marmara, Aegean, Black Sea,
) Mediterranean, Central
TravlstRegion . .
Anatolia, East Anatolia,
Southeastern Anatolia
Family visit, Vacation,
TravlstReason ) :
Business trip, Other
Bus, Airline, Train, Private
Transportlst
car, Other
Comfort, Velocity, Price,
Being close to terminal or
TransportlstReason
airport, Extra luggage,
Shuttle service, Other
TravTime Night, Day, Both
) Yes, No, | do not travelby
CarSharing
car
i Company’s website, Ticket
TicBuylst . .
engine, Mobilapp, Agency
Skyscanner, ucuzabilet,
] aerobilet, obilet, turna.com,
TicEnglst . .
kiwi.com, | do not use ticket
engines
Cash, Credit card (One),
PayChoice

Credit card (Installment),
Transfer/EFT, BKM Express,

TravProb1st

Delay, Lack of service, Low
comfort, Excessive number
of breaks, Complaints about
facilities
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Coefficients

Stages

Figure 5.1. Agglomeration Graph

6. Cluster Characteristics

In this section, 228 students are classified using 15
different variables into 6 clusters. Table 6 with the
help of found correlations in each cluster,
engineering student’s answers about traveling
preferences are seen that in which points they
grouped together and according to findings,

clusters are interpreted.

Marmara region is the most visited region for the
Cluster 1, Cluster 2, Cluster 4, and Cluster 5.
However, it is not traveled region for the Cluster 3
and Cluster 6. Cluster 3 and Cluster 6 are generally
divided by three regions which are Black Sea,
Mediterranean and Central Anatolia (Figure 6.1).

TravlstRegion

W marmara
Ege
Hkaradeniz
I Akdeniz
DigAnadolu
DoguAnadolu

40,0%

Percent

2 3 4 H

Cluster Number of Case

Figure 6.1. Traveled regions in each cluster

All kind of family incomes have distributed to the
each of the six clusters. 2,000-5,000 TL is the
dominant family income for all clusters. The
highest ratio of family income which is more than
8,000 TL belongsto Cluster5 (Figure 6.2).

Famincome
W <2,000TL
[H2 000-5,0007L
[5,001-6,000TL
M-z 000TL

40,0%

30,0%

Percent

2 3 4 5

Cluster Number of Case

Figure 6.2. Family income in each cluster

Generally, <700 TL & 700-1,500 TL are distributed
to the each of the six Clusters. Personal Income
that is more than 2,500 TL is only found in Cluster
2, Cluster 3, and Cluster 5 with low percentage.
There are no students with personal income over
2500 TL notwithstanding there are students with
family income over 8000 TL in the Cluster 1 (Figure
6.3).

Perlncome

[ <700TL
7001 5007L
1 501-2,5007L
-2 500TL

40,0%

Percent

2 3 4 5

Cluster Number of Case

Figure 6.3. Personal income in each cluster

Bus and plane are the most preferred
transportation type except Cluster 4. Because
Marmara Region and Aegean Regionis close to the
Istanbul, bus is the most used transportation type
for Cluster 1, Cluster 2, and Cluster 5. Private Car is
the dominant travel mode for the Cluster 4 (Figure

6.4).
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Transport1st
Weus
40,0% Eriane
Drain
WprivateCar
Dcther

Percent

2 3 4 3
Cluster Number of Case

Figure 6.4. Preferred transportation in each cluster

The option of web sites of the companies has the
maximum percentage for each cluster. Agency

option is not be included in Cluster 1 and Cluster 6.
(Figure 6.5).

TicBuy1st
i EFirmweh
40,0% [l CheapTickEng
CIFirmApp
Agency

Percent

2 3 4 s

Cluster Number of Case

Figure 6.5. Ticket purchasing way in each cluster

Credit card for single payment is used dominantly
for each Cluster. Cash option is not be included in
Cluster 1 and Cluster 5. Remit/EFT and other
optionsis rarely used (Figure 6.6).

PayChoice

M cash

M creditone

[ creditinstal

BRemtEFT

CIBKMExpress
Other

40,0%

Percent

2 3 4 5
Cluster Number of Case

Figure 6.6. Payment choice in each cluster

Most of the students prefer traveling at summer.
All the options are available in each cluster with
certain percentages (Figure 6.7).

WhenTrav
W Aftvisa
H aftFin
ElPubHol
W summer

40,0%

Percent

2 3 4 5
Cluster Number of Case

Figure 6.7. Traveling periodin each cluster

Traveling frequency is equally distributed between
less than 3 and 4-7 at all Clusters except at Cluster
2. All kind of traveling frequency equally likely
distributed at Cluster 4 and most of the people
who are at Cluster 4 generally pay their tickets by
credit card with single payment (Figure 6.8).
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TraFreq WhichCamp
ELess3 M EarlyRez
40,0% 47 40,0%7 E2way
D aboves D nite
M Loyalty
CMobbisco
30,0% 30,0%

g g
] H
5 ]
o 20,0% o 20,0%
10,0% I ! 10,0%
0,0% T T T T T T 0,0%—
1 2 3 4 5 [ 2 3 4 5
Cluster Number of Case Cluster Number of Case
Figure 6.8. Traveling frequencyin each cluster Figure 6.10. Preferred campaigns in each cluster

Internet is the favorite platform that people being Late arrive is the basic traveling problem for each
aware of the campaigns in each cluster. The second of Cluster. Because bus is not preferred in Cluster
option is from family and friends as seen (Figure 4, there is no stop overproblemin Cluster4 (Figure

Camplinfarm TravProbl st

W Famfriend W LateArive
40,0% Einternet 40,0% ELackserve

Dtvade DLessComfort

WrewsPap WnioreBreak

[ StopaverProb
Gther

30,0%] 30,0%

Percent
Percent

20,0% 20,0%

10,0% 10,0%

0,0%~ 0,0%~
1 2 3 4 5

2 3 4 5
Cluster Number of Case Cluster Number of Case

Figure 6.9. Platforms to hear campaigns in each cluster Figure 6.11. Traveling problems in each cluster

Early reservation and 2-way tickets campaigns are Buying tickets 0-2 weeks ago, before traveling is
equally distributed and fundamental choices for the dominant behavior. Ratios of buying tickets
the Cluster 3 and Cluster 5. Most of the people above 5 weeks ago are higher in Cluster 3 and
who are at Cluster 3 and Cluster 5 prefer traveling Cluster 5. It is connected by early reservation and
at summer. This means that most of them use 2-way tickets campaigns (Figure 6.12).

plane at summer. Special discounts for mobile

application is favorite campaign for Cluster 1,

Cluster2 and Cluster 6 (Figure 6.10).
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WhenBuyTic

Mo-zw
40,0%- Eaaw
[ Abovesw

30,0%

Percent

20,0%

JI - - - T
1 2 3 4 5 3

Cluster Number of Case

Figure 6.12. Time to buy tickets in each cluster

Turkish Airlines is the favorite airline company for
each Cluster. Ratio of people who do not use air
plane in Cluster 2 and Cluster 5 is high. Because,
Marmara region has the highest ratio at most
traveled region chart in Cluster 2 and Cluster 5.
There is no any flight from Istanbul to any city
which is located at Marmara region (Figure 6.13).

Airlst
BETHY
EPegasus
O Atias et
W onurair
DsurExp
D AnaJet
Enotuse

40,0%

30,0%

Percent

20,0%

10,0%

0,0%~

2 3 4 5

Cluster Number of Case

Figure 6.13. Preferred airline companies in each cluster

Pamukkale and Kamil Ko¢ are the dominant bus
companies for each Cluster. Canakkale Truva is
widely usedin Cluster 4 (Figure 6.14).

Bus1st

EPamukkale
40,0% Ekamikog
Dniifer
Buiudag
Dulusoy
Ewetro
EganTruy
Ovivalines
Dnctuse
Wother

Percent

Cluster Number of Case

Figure 6.14. Preferred bus companies in each cluster

As a result of the information obtained from the
survey, 72.5% of students buy their tickets from
firms’ web site. 64% of these students’ payment
way is cash or remit. Payment by credit card with
one installment is preferred payment choice with
68.9% by participants who are using firms’ web
site, cheap ticket engine or companies’ mobile
application. Payment by credit card with one
installmentis the most preferred paymenttype for
all clusters. Cluster 1 has only 15 members. Most of
the members are gathered in Cluster5 with 37.9%.
79.4% of students who are in Cluster 2 travel more
than 7 times in a year. No one who uses cheap
ticket engine and agency to buy ticket, travel more
than 8 time in a year. In Cluster 4, no one prefers
bus and plane for the first transportation choice.
Marmara and Aegean
traveled regions for participants who are in Cluster
5 and whose the most demanded transportation

regions are the most

mode is bus or plane. Students who are in Cluster 5
do not prefer special discounts for mobile phone
campaigns. 67.7% of participants who are in
Cluster 5, prefer loyalty and mile campaigns. It is
seenthatno studentwho belongsto Cluster 1 uses
2-way and early reservation campaigns. In addition,
only one studentwho belongs to Cluster2 and use
2-way and early reservation campaigns, prefers bus
and plane. 60 people who all of arxe in Cluster 3
and preferbus or plane for the first traveling mode
and use 2-way or early reservation campaigns go to
Central Anatolia, Mediterranean, Black Sea or
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Eastern Anatolia. The cluster characteristics are
providedin (Table 6.1).

7. Conclusion

The starting point of this study was preparing a
resource to tourism companies in Turkey with
reference to customers that are traveling regularly
over the year. In this manner, university students
are selected as the framework. Istanbul which
includes many universities that have students from
every city of Turkey is selected for main working
area. Then, students on Marmara University
engineering faculty are selected as sample group to
application of survey.

The survey was consisting of 26 questions in 8
sections and applied to 260 respondents from
Marmara University Engineering Faculty students.
The information such as personal information,
preferred traveling modes, companies, problems,
etc.is collected.

Discrete statistics methods and clustering are
applied on the data set in order to group students
according to their traveling preferences.
Hierarchical Dendrogram, Agglomeration Schedule
and K-means algorithm are implemented for
clustering purposes.

The discrete statistics methods are resulted with
some answers to questions of how students are
traveling, where they are going, how they are
buying tickets, which campaign types are affecting
them, what problems they are facing with, etc. The
clustering methods are resulted with 6 clusters
which includes engineering students that have
more similar characteristics to each other.

numbers by using
their characteristics are

After deciding cluster
agglomeration graph,
investigated by examining and deciding dependent
and independent variables. Also 50 parent nodes
and 10 child nodes are appliedin CHAID method on
clusters.

When the first traveling mode is taken a dependent
variable, it is observed that 66.5% of participants
choose bus. 50% of students who are in Cluster 1,
Cluster 3, Cluster 6 and whose family income is less

than 2,000 TL choice is bus. In addition, ratio of
students who are in Cluster 2 and Cluster 5 pay
tickets with credit one is 81.3%. These whose
traveled first region is Marmara, Black Sea and
Aegean do not prefertrain, private car and other.

Moreover, first ticket buying option is selected as a
dependent variable, 72.5% of respondents are
observed that they prefer firm’s website to buy a
ticket and among the whose choice is credit install,
credit one or otherfor buyingticket, 74.5% of them
prefer web sites. Also these whose first travel
preferences are bus, private car or train prefer firm
web site as 80.5% to buy a ticket.

Respondent’s answer observed that they prefer
credit one as 65.9% as a payment choice when
payment choice is selected as dependent variable
and 68.9% of respondents who use firm website,
cheap ticket engine motors or firm’s application to
find tickets prefer credit one as a payment choice.
In cluster 4 and 6, people choices for payment is
observed as 89.8% as a favor of credit one and in
cluster 2, 5 and 3; credit one has a ratio of 63.3%.
Among whose first transportation choice is bus or
plane, it is got that none of the respondent’s prefer
remit EFT or other options than cash, credit one or
credit install.

When traveling frequency is selected dependent
variable, frequency of between 4 or 7 has a ratio of
38.1%. In cluster 1, 5, 4 and 6; 37.7% of
respondents are observed that they travel between
4 or 7in ayear and among whose personal income
is between 700 TL and 1500 TL, 42.9% of them
travel between 4 or 7. Also people who use cheap
ticket engine or agency to buy a ticket travel less
than 3 times in year with 72.2%.

Among persons whose first traveling choice is bus
or plane, 42.7% of them form cluster 5 when
cluster number of case is selected as dependent
variable and in cluster 5; 69.5% of respondents is
observed that they prefer Marmara or Aegean
region for traveling. Also in cluster 3, 72.2% of
people prefer Central Anatolia or Mediterranean to
travel and among whose first choice is firm web
site or agency to buy a ticket consist of 84.6% of
cluster 3. 67.7% of respondents are observed that
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they prefer current company to travel because of
loyalty and mile points. Also in cluster 1, 2, 3, 5and
6; none of the respondents prefer private car or
train as a first choice of transportation. Among
whose first choice for transportationis bus or plane
in cluster 5, 98.9% of them prefer Marmara or
Aegean as a first selected traveling region. 39.5% of
people who are in cluster 6 prefer company for
mobile discounts and 54.5% of respondents in
cluster 5 prefer company because of 2-way tickets
and early reservation choices.

The university students consist a major customer
group for bus and plane traveling companies who
visit hometown frequently. Both type of companies
can provide discounts and campaigns for students
especially at the beginning, mid and end of
semester. Most of the students use internet and
mobile applications for ticket purchasing. Apart
from these, the companies may keep campaigns
through these tools with 2-way tickets, early
reservation, loyalty programs, and free traveling
with mile. The majority of students whose
hometown is far away from istanbul (Black Sea,
Mediterranean, and East Anatolia) use private car.
Hence, their choice can be analyzed further.
Moreover, as a future work this study can be
extended with the application of survey to more
students from different universities in Turkey in
order to find out different characteristics for the
traveling preferences of university students.

Acknowledgements

We thank to Marmara University Engineering Faculty
Deanery for their permission to apply the survey.
Besides, we want to thank to Dr. Semih Ozel for his
valuable evaluation and to Engineering Students for
their participation in survey.

8. References

Acikalin, S., 2014. Tirkiye’de Universite Ogredcilerinin
Seyahat Tirli Tercihlerinin incelenmesi. Anadolu
Universitesi Sosyal Bilimler Dergisi, 14(3).

Buaphiban, T., & Truong, D., 2017. Evaluation of
passengers’ low cost
carriers in Southeast Asia. Journal of Air Transport
Management, 59, 124-133.

Celikkol-Kocak, T., Dalkic, G., & Tuydes-Yaman, H., 2017.
High-Speed  Rail  (HSR)

buying behaviors toward

Users and Travel

Characteristics in Turkey. Procedia Engineering, 187,
212-221.

Chiou Y., Chen Y. 2010. Factors influencing the
intentions of passengers regarding full service and
low-cost carriers: A note. Journal of Air Transport
Management 16, 226-228.

De Vos, J., 2018. Do people travel with their preferred
travel mode?
satisfaction. Transportation research part A: policy
and practice, 117, 261-274.

Graham, A., & Metz, D., 2017. Limits to air travel
growth: The case of infrequent flyers. Journal of Air
Transport Management, 62, 109-120.

Giudici, P., & Figini, S., 2009. Applied data mining for

industry (pp.147-162). Chichester:

Analysing the extent of travel

business and
Wiley.

Katona G., Juhasz J., Lenart B., 2017. Travel based
multiroute planning. 20th EURO Working Group on
Transportation Meeting, EWGT 2017, 4-6 September
2017, Budapest Hungary.

Keskin, D.,
Tercihleri

2007. Universite Ogrencilerinin  Ulasim
Uzerinde  Etkili ~ Olan
Belirlenmesi: Karadeniz Teknik Universitesi Ornegi.

Faktorlerin

Erciyes Universitesi Iktisadi ve idari Bilimler Fakiiltesi
Dergisi, 28.

Koklic, M. K., Kukar-Kinney, M., & Vegelj, S., 2017. An
investigation of customer satisfaction with low-cost
and full-service airline companies. Journal of
Business Research, 80, 188-196.

Kouwenhoven, M., & de Jong, G., 2018. Value of travel
time as a function of comfort. Journal of Choice
Modelling, 28, 97-107.

Lin, H. F.,, & Huang, Y. W, 2015. Factors affecting
passenger choice of low-cost carriers: An analytic
network process approach. Tourism Management
Perspectives, 16, 1-10.

Losada N., Alén E., Dominguez T., Juan V., Nicolau L.,
2016.Travel frequency of senior tourists.

Lu, J. L., 2017. Segmentation of passengers using full-
service and low-cost carriers—Evidence from Taiwan.
Journal of air transport management, 62, 204-216.

Shields, P. 0., 2011. A case for wanderlust: travel
behaviors of college students. Journal of Travel &
Tourism Marketing, 28(4), 369-38.

Slabbert, E., Saayman, M., & Van Der Merwe, P., 2012.
Travel behaviour of South African tourism students.
South African Journal for Research in Sport, Physical
Education and Recreation, 34(1), 137-151.

Tomsic M., Sevsek F., Rugels D., 2016. Traveling habits
and perceibed limitations of older city bus users.
Promet — Traffic & Transportation, Vol. 29, 2017, No.

4,425-431.
115



Classification of Engineering Students for Traveling Preferences, Tekintas et al.

Valdes, V., 2015. Determinants of air travel demand in
Middle Income Countries. Journal of Air Transport
Management, 42, 75-84.

YAYLALI M., DIiLEK ©., 2017. Havayolu ulasiminda

tiketici  tercihlerine  etki eden  faktorlerin
belirlenmesi. Uluslarasi Ekonomi, Isletme, Politika

Dergisi, 1(2), 75-88.

116



Afyon Kocatepe Universitesi Uluslararasi Miithendislik Teknolojileri ve Uygulamali
Bilimler Dergisi

Afyon Kocatepe University International Journal of Engineering
Technology and Applied Sciences

AKU 1JETAS Vol 2(2) (2019) Aralik (117-124s)
Arastirma Makalesi / Research Article
e-ISSN 2667-4165 (https.//dergipark.org.tr/akuumubd)

AKU J.Eng.App.Sci. Vol 2 (2) (2019) December (117-124p)

Lisakovski Katmani Of Demir Cevheri Ozellikleri

Karlygash Shynbergenova’, Tatyana Kryazheva'

! Zhezkazgan baikonurov University, Mining engineering, Zhezkazgan/Kazakistan.
e-posta: karligash_jez@mail.ru, ORCID ID: https://orcid.org/0000-0001-7653-4955
e-posta: kryazheva_t@mail.ru, ORCID ID: http://orcid.org/0000-0003-2804-020X

Gelis Tarihi: 30.04.2019 ; Kabul Tarihi:16.10.2019

Anahtar kelimeler Oz
ince taneli yapi; Oolit;

Makalede, Lisakovski birikintisinin oolitik cevherlerinin manyetik ayirma yontemiyle zenginlestirilmesine

Demir konsantresi: yonelik laboratuvar galismalarinin sonuclarini sunmaktadir. Morfometrik analiz sonuglari ve (¢ gesit

Hidrogetit ; manyetit;
Klorit

cevher ve konsantre kalitesinin incelenmesi, zenginlestirme parametreleri degistirilerek elde edilmistir.

Specific Features Of Iron Ore Of Lisakovski Deposit

Keywords

Fine-grained structure;

Abstract

The article presents the results of laboratory studies of the enrichment of oolitic ores of the Lisakovski

Oolite; Iron deposit by the method of magnetic separation.The results of morphometric analysis and the study of
concentrate; the quality of three types of ore and concentrates, obtained by changing the enrichment parameters,
Hydrogetite; are presented.

magnetite; Chlorite.

1. Introduction

The authors conducted laboratory researches of

iron ore at the Lisakovskiy deposit. Scientific

research was carried out on the Grant of
Commercialization, funded by JSC "NATD" on the

© Afyon Kocatepe Universitesi

topic "Assessment of the distribution of non-

ferrous, rare

technogenic

and dispersed

waste

“ArcelorMittalTemirtau”.

elements in
of JSC

MPP Inventory stocks on 01.01.2013 Ore production The content
Category Stocks Size, mm Costs, of iron in the
(millions of tenge/tonne concentrate,
tonnes) %
Lisakovskiy A+B+C 1111,2 0-2 355 54%
Atasu A+B+C 480,6 0-80 1527 54
Kentobe B+C 239,2 0-80 2859 53
Atansor C 44,8 0-80 1789 54

Note: * The iron content in the Lysakovkiy concentrate of ore is indicated by the calcined weight.
Table 1 Technical and economic indicators of MPP in LLP “Orken”
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The iron ore component of the metallurgical raw
materials of JSC “ArcelorMittal Temirtau”,
supplied by LLP “Orken”, which is not rich in iron
content, ore concentrates of the Central
Kazakhstan deposits and concentrates from the
Lisakovskiy ore, ore concentrate of SSMPPA with
high iron content.

2. Ore delivery

LLP "Orken", which is a subsidiary of JSC
"ArcelorMittalTemirtau", includes mining and
processing plants that process ore from the
Karazhal, Kentobe, Atansor and Lisakovskiy
deposits. Technical and economic indicators of
MPP in LLP “Orken” are represented in Table 1.
Iron ores involved in the metallurgical
redistribution at JSC "ArcelorMittalTemirtau" are
characterized by reduced iron content by 12-14%
compared to concentrates of the world's leading
metallurgical companies. The reason for this is
that iron ores have a fine-grained structure, and
when grinding to size, which was provided by
grinding-crushing stations of the last century, the
grain is not opened, and as a consequence, the
ore is not effectively concentrated and removed
during preparation process.

The most promising way to reduce the
production costs of JSC “ArcelorMittalTemirtau”
is to increase the efficiency’s enrichment of iron
ore deposits of its own.

After the devaluation of tenge in 2014, the
metallurgical Lisakovskiy
concentrates with iron content of 54.0-55.0% and

processing of

during 2015 became economically unprofitable.
JSC  “ArcelorMittalTemirtau” the Lisakovskiy
gravitational-magnetic concentrate is practically
not used in the stock of “ArcelorMittalTemirtau”
and Lisakovskiy Mining and Processing Plant
(LMPP) stores a significant part of its output on
the site of the plant.

Lisakovskiy ore lies at a shallow depth, extraction
requires stripping 5-15 m. Mining is conducted
without the production of explosions by
excavators, which ensures production costs at
the level of $ 1 per ton. The ore mainly consists of

oolithes of 0.2-0.6 mm in size bound by clayey
constituents. Oolithes have low

strength and are easily crushed in a ball mill to a
particle size of less than 0.044 mm for 12
minutes. In the ore base of Lisakovskiy MPP there
are 4 groups of deposits: Main, South, Steppe and
East. The main reserves (75%) are concentrated
in the Main Deposit, which is currently being
processed. Areas 1, 2, 3 are developed with the
average mass fraction of iron 38.2% [1].
Geological and technological classification of ores
of the Lisakovskiy deposit is shown in Table 2.

3. Mineral composition and ore characteristics
of the Lisakovskoye deposit.

The main ore mineral is hydrogelite, nonmetallic
is quartz. According to texture-structural genetic
characteristics and physical properties, oolithic
ores are divided into two types: loose oolithic
and massive. Three structural species are
distinguished in the ores: thick-oolithic ore
composed mainly of ore oolithes (50-80%) with a
subordinate amount of cement and quartz; rare-
oolithic ores, consisting of ore oolithes (less than
50%) with predominance of cement and free
quartz and fine-oolithic cemented ores. A
component of the oolithes is the hydrogenerite
of two generations with a finely dispersed
admixture of ferrochlorite clay substance. The
sizes of oolithes range from 0.05 to 0.60 mm,
0.2-0.6 mm predominate.

The main ore mineral is hydrogelite, nonmetallic
is quartz. According to texture-structural genetic
characteristics and physical properties, oolithic
ores are divided into two types: loose oolithic
and massive.
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3-5 Rare Oolithic 40-65 | 10-45 | 24-47 38-46 |3-20 45-701| 47-50
38 15 46
. L 34- 12- 25-
3| 36 Fine Oolithic 30-60 | 10-45 | 22-46 21-45|3-35 45-60 | 44-47
38 47 45
Rare and Fine 30- 15-
3-8 . 25-60 | 10-45 | 19-45| 9-44 | 17-45 |3-35 30-60 | 42-47
Oolithic 34 43
belongs to the chamoisite type, it contains
Table 2. Geological and technological magnesium and ferrous iron. Calcium phosphate

classification of the Lisakovski deposit

Three structural species are distinguished in the
ores: thick-oolithic ore, composed mainly of ore
oolithes (50-80%) with a subordinate amount of
cement and quartz; rare-oolithic ores, consisting
than 50%) with
predominance of cement and free quartz and
fine-oolithic cemented ores. A component of the

of ore oolithes (less

oolithes is the hydrogenerite of two generations
with a finely dispersed admixture of ferrochlorite
clay substance. The sizes of oolithes range from
0.05 t0 0.60 mm, 0.2-0.6 mm predominate.

Layered natured ores are often of the oolithic
structure, often deformed, consists mainly of
hydrogite, chlorite and calcium phosphate.
Oolithes are fissured, so they resist weakly to
grinding. Magnetite is represented by thin
crystalline particles smaller than 0.005 mm. The

ore can be slightly oxidized (martitized). Chlorite

belongs to the apatite group, its molecule can
contain one or more OH groups and, possibly, a
little SiO, instead of PO4 (Muhammed M., Zhang
Yu. 2011). Its morphology can be different -
amorphous and pseudohexagonal. A theory is
known that phosphate anions absorb and grow
on the surface of the gel ferrohydrate and
phosphorus is excluded from the iron ore lattice
inside the crystals of liquid cement dehydrate
and recrystallized. Limited phosphorus removal
is achieved by grinding and magnetic separation,
which is partly technically feasible, so this
technology of removing phosphorus from iron
ores is used.

Part of the phosphorous is part of the cement
mass, which connects finely-dispersed grains of
magnetite. Therefore, it is impossible to remove
it mechanically to contents that meet the
requirements of the metallurgical processing.
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4. Laboratory Results.

The phosphorus content of various types of
Lisakovskiy ore varies from 0.6 to 0.8% according
to many studies and is explained by the presence
of stilpnosiderite (iron hydroxides enriched in
phosphorous) and single apatite grains.

The phosphate found in the ore is represented
by a white, loose mass of microspherolitic
structure. Spherolithes, forming phosphate,
closely adjoin each other. The size of the
spherolithes varies from 0.004 to 0.018 mm.
Phosphate of calcium is not the main carrier of
phosphorous in concentrates, i.e. it is an
insignificant part. Along with calcium phosphate,
the presence of aluminophosphate was first
detected in the hydroghetite, which in its
parameters of the crystal lattice corresponds to
the wavellite with iron ions.

Quality of 1, Il and 1l types of Lisakovski ore and
concentrate is shown in picture 1, grain-size
composition of iron-ore materials is shown in
picture 2

Based on the iron content, type Il ore of all
fractions contains less than 30% and it cannot be
enriched, leaving it in the deposit or moving it to
the tailings pond. In fractions of more than 0.63
mm |, Il types of ores, less than 30% of iron is
contained.

5. Characteristics of the technological properties
of ore.

Sorting allows you to remove 17% of the ore type
I, 28% of the ore type Ill. Taking into account the
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fact that type Il ore can be excluded from the
enrichment process, the total reduction of ores

larger than 1.0 mm excluded from enrichment

will be 40.5%.
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Figure 1. Quality of I, Il and Il types of Lisakovskiy ore
and concentrate
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Figure 2. Grain-size composition of iron-ore materials

In ores I, Il, lll, types contain respectively 8.7 and
12% of the fraction less than 0.16 mm. The total
amount of fines in the initial ore will be 10%.

The removal of these fractions of ore will
significantly improve the
efficiency of the enrichment process.

The structure of fractions of types I, Il and Il is
shown in Fig. 3, 4, 5, where it is seen that oolithes
are iron-containing nuclei and complex iron-
containing iron-containing shell. The photographs
shown in Fig. 4 and 5 indicate that the oolite
grains have a complex structure: some grains
have a shell structure, some of the oolithes are
represented by a mixture of grains of various
minerals less than 50 microns, so that grinding to
a fineness of less than 0.044 mm is necessary to
separate the iron-containing minerals. Studies
carried out at LLP “Centrgeolanalit” found that
the grinding time of the original Lisakovskiy ore
and concentrate is 27 and 12 minutes.
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Figure 3. Structure of fractions: a, b, ¢ - 00,2 mm and d, e, f - 0,4+0,2 mm |, Il and Ill types of Lisakovskiy

ores. Reflected light; zoom 10x

% Ny

]
- . 5 4 “iaciv =
Figure 5. Structure of fractions:a, b, c—3+1,25and d, e, f- 5:3 mm |, Il and Il types of Lisakovskiy ores.
Reflected light, zoom 10x
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6. Conclusion

e High-phosphorus ores of the Lisakovskoye deposit
with reserves of 1.11 billion tons are the main
components of the sinter blend of ArcelorMittal
Temirtau. The advantages of ore are the minimum
costs in the extraction and grinding of ores, the lower
cost of iron ore concentrate compared to
concentrates of other mining and processing plants
of Orken LLP.

¢ The relevance of this work lies in the fact that in
Kazakhstan there are also the largest deposits of
oolitic iron ore, which include: Ayatskoye with
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