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Controllable Electrochemical Synthesis and Photovoltaic Performance of
Bismuth Oxide/Graphene Oxide Nanostructure Arrays

Fatma Bayrakgeken Nisanc1!*

! Department of Chemistry, Faculty of Sciences, Atatiirk University, Erzurum, Tiirkiye

Article History Abstract — The electrodeposition coated graphene oxide (GO) sheets on semiconductor metal oxide
Received: 21.12.2021 substrates are reduced to produce transparent, flexible, and conductive electrodes. Electrochemically

produced bismuth oxide nanoflower films with high crystallinity were characterized by depositing
Accepted: 18.03.2022 reduced graphene oxide (GO) films on top. The influence of coating period on the shape, structure,
Published: 25.09.2022 and characteristics of electrochemically formed metal oxides was also examined. The graphene oxide
modified metal oxide electrode was successfully manufactured using an electrochemical method
and characterized using potential controlled electrochemical deposition, atomic force microscopy,
scanning electron microscopy, energy dispersive spectroscopy, X-ray diffraction techniques, and
Raman measurements. By controlling the deposition period, we can regulate the form and size of
electrodeposited bismuth oxide/graphene oxide nanostructures using this electrochemical method
from aqueous bismuth oxide/graphene oxide suspensions. The nanostructured bismuth oxide/
graphene oxide electrode that results has high photovoltaic characteristics and can be employed
in solar energy conversion applications. Our findings suggest that indium tin oxide (ITO) or
bismuth oxide-GO films on gold electrodes may be used to enhance surface area in electrochemical
synthesis, and that it is conceivable to synthesize semiconductor metal oxides in GO films for future
flexible photovoltaic applications.

Research Article

Keywords — GO,BiZOj, electrochemical deposition, photovoltaic cell, thin films.

1. Introduction

Nanomaterials including titanium oxide (TiO,), silicon oxide (SiO,), silver, iridium oxide, graphene,
bismuth (IIT) oxide (Bi,0,), and fullerenes, among others, are commonly employed in electrochemical
sensors and biosensors. These biosensors have been effectively employed for sensor preparation, and they
are stable and simple to make. Because of its distinctive features such as energy bandgap, wide surface
area, electrochemical stability, and excellent catalytic activity applications, Bi,O, is regarded one of the
most encouraging electrode substances for electrochemical sensing devices among all nanomaterials.
Its sensitivity, electrical conductivity, chemical stability and a favourable electrochemical sensor for
voltammetric measurement have all been demonstrated (Anandan et al, 2010). Bismuth(III) oxide is also
non-toxic and chemically inert, as well as biocompatible.

Nanoscale bismuth(III) oxide offers more benefits than macroscale bismuth(IIl) oxide, and its higher surface
free energy makes it suited for biomolecule adsorption. The usage areas of GO material are expanding day
by day due to its dielectric properties, transparency, ease of solubility in solutions, adjustable electronic
properties as well as superior mechanical properties. (McAllister et al., 2007, Anandan et al, 2010, Kim
et al, 2012, Mathkar et. al, 2012). It has also turn up as one of the most strong competitors among the
most common UV-active TiO, photocatalyst, especially Bi,O, (Kamat, 2011). Bismuth is non-poisonous
in its oxide shapes and can be used in active apps such as piezoelectric material (Kuma&Devi, 2011),
biosensors functional glasses, etc. (Panda, 2009). Current research on the photocatalytic activities of the
distinct phases of Bi,O, indicates that they are non-toxic and resistant to photo corrosion ( Unlii et al, 2021,
Molinari et al, 2020). In combinations such as Au-loaded a- Bi,O, (Taufik et al, 2011- Eberl& Kisch, 2008).

(@ fbayrakceken@atauni.edu.tr

*Corresponding Author


http://doi.org/10.28979/jarnas.1039429
http://dergipark.org.tr/tr/pub/jarnas
https://orcid.org/0000-0002-3166-2301

2022, Vol 8, Issue 3, Pages: 340-346 Journal of Advanced Research in Natural and Applied Sciences

and Ag-loaded B-Bi,0, (Zhu et al,2011- Jiang et al, 2012), activity is seen to be improved in noble metal
nanoparticles. Bi,0,-GO modified electrodes were successfully synthesized on ITO electrochemically. In
electrochemically synthesized Bi,0,-GO thin films, GO structures covering Bi O, nanoflower structures
like a transparent sheet will find use in many application areas such as ideal electrochemical performance
and superordinate electroactive plane region such as sensors.

2. Materials and Methods

In our electrochemical tests, we employed a BAS 100 B/W electrochemical workstation with three electrodes.
For electrochemical studies, we employed an Ag/AgCl electrode as the reference electrode, a platinum wire as the
counter, and ITO coated quartz (10 cm™) as the working electrode in all cases. Dissolved O, gas, 1 mM Bi(NO,),,
pH 1.5 At room temperature, electrochemical Bi,0,/GO film deposition was executed. For 30 minutes, maintain
a steady voltage of +300 mV. The Bi,O,/GO working electrode was dried at room temperature, and the film was
cured for roughly one minute with warm air. The GO (+1000 mV) modification was applied electrochemically
to ensure that the surfaces generated by the potential controlled electrolysis process of nanostructured Bi,O, films
on ITO substrates at a constant voltage (+300 mV) had a high surface area (Figure 1). The morphological and
structural examination of synthesized thin films was performed using atomic force microscopy (AFM), scanning
electron microscopy (SEM) and x-ray diffraction (XRD), energy dispersive spectroscopy (EDS) for qualitative
and quantitative analysis, and photocurrent spectroscopy for photocurrent measurements. A Rigaku powder
X-ray diffractometer with a Cu K X-ray source (= 1.5406) was used to record powder X-ray diffractograms of
the deposited films. By performing Bi, O, -GO surface characterization with SEM, AFM images, it was possible
to examine the surfaces at atomic and molecular dimensions, and Zeiss/Sigma 300 model SEM, Hitachi HT770
brand TEM, and Hitachi SIOON brand AFM systems were used respectively for this. Raman spectra were
determined by using the WiTech alpha 300R device and the bonds made by the atoms or molecules that make up
the Bi,0, -GO in their analysis in the range of 1000-3500 cm".

:90 pH 1.5 0.1 M
v Bi(.\'O,@ "
y ¥

Electrochemical deposition
of Bi,O; at 300 mV

Bi,0,-GO

Figure 1. Schematic representation of the electrochemical formation of Bi,0,-GO thin films.

3. Results and Discussion

Figure 2 show the SEM image and EDS spectra taken after electrochemical Bi,O, -GO deposition. Bi,O,
-GO nanostructures electrodeposited on ITO electrodes consist of nanoflower and GO film wrapped like a
transparent sheet (Figure 2a). This observation shows that the deposition potential and concentration, which
provides a significant effect in the morphology-controlled synthesis of Bi,O, nanostructures, remain Bi,O,
constant throughout the electrochemical treatment. These results also show that the surface area is increased
as much as possible by coating the Bi,0, films with GO films (Cruz-Silva et al. 2016). The EDS spectrum
in Figure 2b also indicates that, similar to the XRD spectrum, the Bi203 -GO nanostructures contain no
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impurities other than trace quantities of Cl-and K* induced by reference electrode leakage. XPS analyses were
implemented to achieve more detailed split on the type of surface components in Bi,O, -GO films, which were
partially analyzed qualitatively by EDS technique, and determine the oxidation steps of these components.
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Figure 2. a) SEM image of electrochemically magnified films of Bi,0, -GO on ITO electrode, (b) EDS
spectrum of Bi,0, -GO films.

In the XRD diffractogram of the electrodeposited Bi,0, at 26=30,245"de, the diffraction peaks of GO at
20=39.838, Bi,0, -GO at 20=35,468, and other peaks of the ITO substrate as the working electrode (Figure
3) are clearly seen (Yang&Lin, 2020). The observation of a single and very strong (201) peak belonging to
the Bi,0, -GO phase indicates that it has a preferential electrochemical growth orientation.
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Figure 3. XRD spectrum of GO, Bi,0,, and Bi,0, -GO.
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AFM data of GO, Bi,0,, and Bi,0, -GO are given in Figure 4. In the AFM data, as in the 3D images of
GO and Bi,0, thin films, GO thin films are homogeneously completely coated on the ITO electrodes,
while Bi,O, shows morphological properties like a nanoflower. In the AFM data of Bi,O, -GO, the Bi,0,
nanoflower surface is covered with a completely transparent GO film.

Bi, O,

Figure 4. 3D AFM images of GO, Bi,0,, and Bi,0, -GO.

273

XPS (Figure 5a) analyzes were implemented to acquire more detailed diagnose the type of surface
components in Bi,0,-GO films and to determine the oxidation steps of the components, which were
partially analyzed qualitatively by the Raman technique. The positions of the binding energies of the
Bi 4f peaks in the synthesized samples (158.8 eV-164.3 eV for Bi 4f 7/2 and 4f 5/2, seriatim) (Figure
Sb) match exactly with the Bi,O, standard data (Oprea et al, 2013). It is clearly seen that the peak in
the XPS spectrum obtained for Ols is broad and asymmetrical. The nature of this peak, centered at
530.8 eV, observed for Bi,0, -GO films corresponds to diverse bindings of oxygen in the surfaces. It is
formed by the combination of the binding energies of this XPS peak of 529.7 eV, 530.7 eV, and 531.9
eV (Figure 5¢). The weak peaks are due to the weakly bonded oxygen and hydroxyl groups to the film
surface.

Photoelectrochemical performance of Bi,0,-GO thin films was gauged in a 3 electrode quartz window
cell connected to a potentiostat and polar simulator (Figure 6). Photocurrent transitions of Bi,0,-GO
structures obtained as a result of illumination at various intervals with artificial sunlight are given in
Figure 6. Photocurrents were measured every 8 seconds in the dark and in the light in 0.1 M Na,SO,
without any reagents or catalysis. When the Bi,0,-GO electrode is illuminated, a rapid increase is seen
in the photocurrent value from 4.9 mA cm? to 10 mA cm™. Since the crystal is not ideal, there are
entrapment or recombination centers such as defects. When the Bi,O, -GO electrode is illuminated,
the photocurrent value increases rapidly and then remains constant, which is explained by the decrease
in the trap and recombination centers due to the defects in the electrode structure, thus keeping the
carriers in the conduction band less at the defect levels (Sirimanne et al 2002). When the excitation
source is turned off, the excess carriers return to the equilibrium value and cause the photocurrent
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540

Figure 5. XPS data of Bi,0, -GO (a) full-scan XPS spectrum, (b) Bi 4f spectrum and (c) O 1s spectrum.

value to decrease. These fast and homogeneous photocurrent transitions shown indicate that charge
transmission in the material is progressing rapidly. This can repeat over many cycles as stable regardless
of electrode photocorrosion.
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Figure 6. Photocurrent transitions of Bi,O, -GO photoanode under discrete artificial sunlight.

Raman spectra of GO, Bi,0,, Bi,O, — GO structures are given in Figure 7. GO structures have D and G

273

bands available (Qin et al, 2014). Only in Bi,0, films, Bi-O stresses begin in the range of 120-150 cm™,
while coordination vibrations occur in the range of 200-400 cm™!, and weak peaks are caused by oxygen
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and hydroxyl groups weakly attached to the film surface. In Bi,0, — GO thin films, the switch of the G band
from 1601 cm™ to 1621 cm™ on Bi,0, surfaces coated with GO proves that there is a charge transfer from
GO to Bi,0, (Rubbens et al, 2007). Also, this shift from blue to red indicates the existence of an electrical
force linking atoms and allogamy between the GO and Bi,0, layers.

1362 cm-
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1601 cm-™!
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Figure 7. Raman data of (a) GO; (b) Bi,0,; (¢) Bi,0, — GO structures.

3;

4. Conclusion

Bi,0,-GO modified electrodes were successfully synthesized on ITO electrochemically. These
heterostructured composites were fully characterized by AFM, SEM, XRD, and Raman spectroscopy
and benefited from solar energy applications. The photocurrent transitions of these films also showed
homogeneous photocurrent signals, indicating that charge transmission in this material is fast and that the
Bi,0, — GO thin films are in a crystalline structure. As a result, metal oxide semiconductor materials have
strong photovoltaic characteristics and may be utilized for solar energy conversion and other applications
with high performance.
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Shot Peening Effect on Reduced Graphene Oxide-based AA1070 Alloys
Produced by Stir Casting Technique

Iremnur Biilbiil!, Remzi Varol!, Mehmet Fahri Sara¢®*
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Article History Abstract — The shot peening effects of reduced graphene oxide (rGO) additive on the structural, resi-
Received: 22.03.2022 dual stress, hardness and surface roughness of AA1070 composites were investigated and reported in

detail for the first time. It can be said that with increasing amounts of rGO added into AA1070 alloy,
Accepted: 26.05.2022 rGO is randomly distributed into the Al matrix with increasing amounts. The XRD analysis shows that
Published: 25.09.2022 there is no trace of carbon in the Al matrix, showing the the carbon structure did not diffuse into Al
matrix during casting. However, in the EDS analysis, it was deter-mined that the carbon value increa-
sed due to the increased presence of rGO. Although it has been studied ac-cording to the differences in
ball diameters, it has been observed that the relative differences between the ball forging times affect
the surface roughness changes in the samples. It was also observed that the hardness values were
directly related to the ball forging times. On the other hand, the surface area of the forged matrix dec-
reases in the presence of increasing rGO. While the hardness should increase after shot peening, cold
deformation is not expected on the surface with the increase in the presence of rGO, and therefore, a
decrease in the hardness value of the shot peened surface occurs. This is compatible with the residual
stress results as well.
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1. Introduction

Graphite oxides as reinforcement material in different composite structures has become very popular in
recent years (Naseer et al., 2019; Zhan et al., 2020a; Zheng et al. 2020b). Due to its high surface area and
superior mechanical properties make the use of this structure for aluminium matrix composites much more
interesting. It is also of great importance for applications in the automotive components where excessive
motion is occurred, such as cylinder liners, crankshaft, tappets, pistons in order to increase the desired
properties such as lightweight, surface hardness and mechanical strength in aluminium matrix composites
(AMC) using a very small amount of reinforcement material (Naseer et al., 2019).

Due to the structural dissimilarity of graphene oxide in the aluminium matrix, there are difficulties in
its homogeneous distribution in the matrix. For that reason, the studies on surface strengthening of
graphene oxide added AMC have been carried out by using techniques such as stirred casting, liquid metal
impregnation, sprayed deposition casting and so on (Toptan et al., 2010; Fadavi Boostani et al., 2018; Wu et
al., 2019; Zheng et al., 2020a; Pehlivanli & Pul, 2021). However, no study has been found on the graphene
oxide-added AMCs with stirred casting so far using surface hardening processes like shot peening (Sun et
al., 2018; Zhu et al., 2019; Rozhbiany & Jalal, 2019; Sasikumar et al., 2020)

With the shot peening process, the surface of the graphene oxide structured AMC will be hardened by a
massive amount of high hardness and high-speed kinetic energy projectiles (Zhu et al., 2016; Zhan et al.
2018a; Zhan et al., 2018b). After shot peening, residual stress field and microstructure enhance its fatigue,
surface hardness, resistance to stress corrosion cracks or high temperature oxidation resistance. However,
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residual stress distribution, microstructure and surface roughness will also differ depending on shot peening
properties such as diameter of balls, Almen intensity, time and projectile material (Sasikumar et al., 2020;
Avcu et al., 2021). In this study, the effect of shot peening with increasing rGO (0.25%, 0.5% and 1% wt.)
on AA1070 composites were empirically investigated by scanning electron microscopy, electron diffraction
scattering, x-ray diffraction, microhardness, residual stress and surface roughness.

2. Materials and Methods
2.1 Material

AA1070 was purchased from ISM Foreign Trade, Turkey and its chemical composition of the AA1070
alloy is presented in Table 1. The main reason for choosing the specified alloy is to examine the interaction
of aluminum with the highest possible purity against rGO. In the synthesis of rGO, graphite (<20 pm
powder), sulfuric acid (H,SO,.98%), sodium nitrate (NaNO,), hydrogen peroxide (H,0,,30%) and potassium
permanganate (KMnO,, 98%) were obtained from Sigma Aldrich.

Table 1
Chemical composition of AA1070 alloy, % weight

Element Al Cu Fe Mg Mn Si Ti A\ Zn
% wt rmn 0.04 0.25 0.03 0.03 0.2 0.03 0.05 0.04

2.2 Experimental Procedure

Reduced graphene oxide was produced by the modified Hummers method (Cigeroglu et al., 2020). To
explain shortly, 3 g of natural graphite was mixed with sodium nitrate (1.2 g) for 30 minutes in a beaker placed
in an ice bath at 1°C, and 150 mL of sulfuric acid was then added. Afterwards, potassium permanganate (12 g)
was added to oxidize the graphite. After the resulting solution was removed from the ice bath, it was subjected
to magnetic stirring at 35°C for 90 minutes. So, it was observed that a rapid increase in temperature occurred
with the addition of ultrapure water. The temperature was kept below 100°C. After these procedures, the
solution, which is stirred for another 30 minutes, is diluted with 300 mL of ultrapure water and the reaction
is terminated by adding 20 mL of 30% hydrogen peroxide. Finally, the mixture is washed sequentially with
HCI and H,0O, then centrifuged at 4000 rpm for 10 minutes to separate the solid and dried under vacuum
at 80°C overnight to yield GO powder. After obtaining GO powder, it was subjected to ascorbic acid with
volume ratio of 1:1 and then heated for 30 min at 90°C. Finally, the aqueous solution was re-centrifuged at
8000rpm, washed three times with ethanol and water, respectively, and dried at 120°C for 60 min. in the oven.
As it is seen in Figure 1, the presence of rGO is located close to 26.8° at the reflection plane (002) which was
previously reported in Soomro et al. (2019) study. This peak also distinct rGO from GO as well.

(002)

Intensity (Counts)

iny

5 10 15 20 25 30 40 45

26(deg.)
Figure 1. XRD analysis of synthesized rGO powder
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Reduced graphene oxide with 0.25%, 0.5% and 1%wt. was separately added to the melted AA1070 alloy in a
graphite crucible with a graphite probe, and after mixing at 4000 rpm for 5 minutes. Afterwards, a melted sample
poured into the mold of a tubular shape of 10 mm in diameter and 10 cm in length and waited for cooling.
Afterwards, each sample with a length of 10 mm was cut and made ready for structural and mechanical tests.

Severe shot peening process were applied with three Almen intensities of A10-12, A14-16 and A16-18 with
other parameters remain constant. Severe shot peening treatment was conducted in accordance with MIL-
13165 standard under the conditions shown in Table 2.

Table 2

Shot peening parameters

Almen Ball type and related  Air pressure  Flow rate Saturation Shot peening
Intensity hardness (bar) (kg/dk) rate time (sn)
A10-12 S110, 45-52 HRe 4.5 5.0 100% 35
Al4-16 S170, 45-52 HRc 5.5 5.5 100% 31
Al6-18 S230, 45-52 HRc 5.5 5.0 100% 42

3. Results and Discusson

The average shot peened layer under three different Almen intensity was illustrated in Figure 2. The shot
peened layer is increased gradually from 0.74mm to 1.08mm. Almen intensity depends on the shot peening
parameters. Ball or called projectile diameter, air pressure, saturation rate and shot peening time especially
affect shot peening intensity. In this study, Almen intensity values were determined using A strips. As
the Forging Intensity values increase, the shot peened layer thickness increases. As the Almen intensity
increases, the kinetic energy value transferred to the forged material by the balls used in forging increases.
Therefore, the forged or shot peened layer thickness increases.

Average Shot Thickness (mm) of 0.5%wt. of rGO-AA1070

0.74 0.88 1.08

Figure 2. Average Shot Peened Microstructure of a)0.25%, b)0.5% and c) 1% wt. of rGO added AA1070
samples after shot peening

For selected 0.25%wt. of rGO added AA1070 samples, the surface roughness’s with four different shot
peening treatments were shown in Figure 3. The surface roughness of sample at unpeened condition was
2.8 and gradually is increased gradually from 7.5 to 9.2um. Afterwards, the surface roughness suddenly
decreases to 8.8 um under A16-18 Almen intensity. At the A16-18 Almen intensity, the forging time was
42 seconds. By using S230 ball, the increase in this time causes the improvement of the surface quality. In
the case of using S170 ball, since the applied air pressure value is the same, the impact speed was lower
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Surface Rougness — Ra (um)

Not shot A10-12 A14-16 A16-18

Figure 3. Average surface roughness of selected 0.25%wt. of rGO added AA1070 samples under different
Almen intensity

because the mass of the S230 ball was higher. As a result, the surface quality was obtained better than the
surface quality obtained under forging conditions using S170 ball diameter.

As seen in Figure 4., xrd analysis of pure and rGO added AA1070 matrix composite shows a single-phase
structure of pure aluminium phase identification (JCPDS card no. 04-0787) which are present at 26 equal to
38.47°,44.74° and 65.13°, 78.23° and 82.43°. There is no trace of carbon in the Al matrix, so it is evidence
that there is no second phase such as AI3C in the matrix. So, the rGO has not enough time to react with Al
matrix during stir casting.

% 11GO + AA1070
(111)
(200)

N (220) G | oo
J A

—_
[] % 0.5 rGO + AA1070
-
c
3
o K A&
a % 0.25rGO + AA1070
k7]
c
3
c A }\._»
AA1070
_____________ - _.l_,____ —_— =
30 40 50 60 70 80 90

20(deg.)
Figure 4. XRD analysis of pure and rGO added AA1070 composites

SEM images and SEM-EDS analysis of pure and rGO added AA1070 samples were shown in Figure 5. It is
clearly seen that rGO particles were randomly distributed into Al matrix and the presence of rGO increases
with increasing amount of rGO into the Al matrix. It is also seen at the EDS analysis that carbon is observed
even at 0.25%wt. of tGO added AA1070 samples and gradually increases from 1.78 %wt to 8.88 %wt
of carbon. Apart from AA1070 sample, rGO particles are clearly visible (marked as red circle) on the Al
matrix which is compatible with the EDS analysis.
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Figure 5. SEM and EDS analysis of pure and rGO added AA1070 samples

As it seen in Figure 6., the hardness values were decreased with increasing amount of rGO under various
shot peening intensity. This observation can be concluded that even 0.25%wt. of rGO amount is still
higher because it is not closer to pure AA1070 sample. It could be interpreted that rGO particles were
agglomerated during the casting process and lower the hardness at the end. During the shot peening
treatment, at least 99% of the surface is struck by the balls. However, as the amount of rGO added into
the matrix material (AA1070) increases, the surface area of the forged material decreases. Essentially,
it is the hardening that occurs during cold deformation of the surface of the shot peened material that
reveals the increase in hardness. However, hardening of rGO should not be expected. Therefore, as the
amount of rGO increases, the decrease in the hardness value of the shot peened surface is considered for
this situation.

X-ray diffraction residual stress measurements was applied to all samples under different shot peening
treatments as tabulated in Table 3. 0.25%wt. of rGO added AA 1070 with increasing shot peening intensity
decreases the residual stress which verify that surface area of rGO over 0.25% addition did not make any
distinctive change against other samples. Residual stress results match exactly with the hardness values.
This shows that the hardening effect is highly dependent on the residual stress as well.
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Figure 6. Microvickers hardness values of pure, 0.25%, 0.5% and 1% wt. of rGO added AA1070 samples
under Almen intensity (A=not shot peened, B=A10-12, C=A14-16, D=A16-18)

Table 3
Residual stress of rGO added AA1070 samples under three different Almen intensity

Residual Stress (MPa)

Almen Intensity Pure 0.25%wt. rGO 0.5%wt. rGO 1%wt. rGO
A10-12 -37.3+1.8 -44.7+1.6 -37.2+1.1 -36.3£1.9
Al4-16 -41.1+1.1 -38.542.0 -41.0+1.7 -30.3+4.0
Al16-18 -32.7+1.5 -35.5+0.9 -32.6+1.2 -30.3£1.8

4. Conclusion

Pure and three different ratios (0.25, 0.5 and 1%wt.) of rGO added AA1070 composites were produced
by stir casting and afterwards, severe shot peening applied for all samples. Under three different Almen
intensity, the shot thickness and surface roughness increase up to A14-16 and then decreases. These
phenomena are also observed at the hardness and residual stress values. Depending on the various Almen
intensity and relative shot time differences, it can be interpreted that A14-16 Almen intensity is the
optimum shot intensity value should be used for rGO added AA1070 samples. On the other hand, there
is no trace of carbon reacted with Al matrix which is verified by xrd analysis. For SEM observation, rGO
is randomly distributed into Al matrix and increases with increasing amount of rGO added into AA1070.
Finally, residul stress of 0.25 %wt. of rGO added AA1070 was gradually decreased with incrasing Almen
intensity while other samples show drastic change. This is a similar situation observed in the change of
hardness and surface roughness due to the hardening phenomena observed in presence of rGO added into
Al matrix.
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Article History Abstract — In this study, considering the dynamic equations of the rotary inverted pendulum sys-
Received: 27.10.2021 tem and the motor dynamics, pendulum angle is controlled with fuzzy logic sliding mode control

method which has moving sliding surface using state variables in Matlab program. The sliding
Accepted: 31.03.2022 surface of sliding mode control method is selected as moving. A fuzzy logic structure is used to
Published: 25.09.2022 calculate the slope of slip surface. The boundary values of the membership functions in the fuzzy
logic structure have been optimized using genetic algorithm codes in Matlab program. The sum of
the squares of the errors is preferred as the objective function. Inputs of the fuzzy logic structure
are the error of the pendulum angle and the derivative of pendulum angle error. In the fuzzy logic
structure, the slope of sliding surface of sliding mode control structure is obtained as an output.
From the results, it was seen that the pendulum angle reached the desired reference value around the
first second and the error was approximately zero. In addition, it has been observed that the motor
torque value is at the levels of 20 Nm and the motor current value is at the levels of 3 ampers. It has
been obtained from the results that the motor values are at reasonable levels close to the values in
practical applications. When the motor is selected according to these obtained values, there won't
be a problem with the implementation of this control method in real-time applications of the rotary
inverted pendulum system.

Research Article

Keywords — Fuzzy logic control, genetic algorithm, motor model, moving sliding mode control, rotary inverted pendulum, sliding surface

1. Introduction

Due to its difficult controllability, inverted pendulum systems are one of the preferred systems in the
application of control techniques. The single pendulum on a cart (Bugeja,2003) and single rotary inverted
pendulum systems (Stimac, 1999), double pendulum on a cart (Zhong & Rdéck, 2001), and double rotary
inverted pendulum systems are some of the inverted pendu-lum systems developed until today (Krishen &

Becerra, 2006; Awtar, S., King, N., Allen, T. & et all, 2002).

One of the preferred inverted pendulum systems in applications is rotary inverted pendulum (rip) system.
The Rip system is an excellent test system for working on the control of indirectly driven nonlinear unstable
systems. The rip system has been the system of choice for control applications in recent years, where it is
more manufacturable and easier to use according to an inverted pendulum on a cart. The rip system has two
arms, a horizontally moving rotary arm, and a vertically moving pendulum. Rotary arm takes its motion
from DC motor. After the DC motor moves the rotating arm, the pendulum connected to the rotating arm
is tried to be stabilized at the upper balance point, that is, where it is unstable (Yan,2003; Kuo, Huang, &

Hong 2009).

¥ muhammeta@firat.edu.tr

2 oyakut@firat.edu.tr
*Corresponding Author


http://doi.org/10.28979/jarnas.1015366
http://dergipark.org.tr/tr/pub/jarnas
https://orcid.org/0000-0003-2746-9477
https://orcid.org/0000-0002-0986-1435

Journal of Advanced Research in Natural and Applied Sciences 2022, Vol 8, Issue 3, Pages.: 355-369

2.Arm

Motor

1.Arm

Figure 1. Rotary Inverted Pendulum System

In the studies presented so far in the literature for the angle control of the rotary inverted pendulum system
shown in figure 1, classical control methods such as PID (Kuo, Huang, & Hong 2009), PI, PD (Altinoz
Yilmaz, & Weber, 2010), adaptive control methods with sliding mode control (Wang, 2009; Bogdanov,
2004; Aydin, Yakut, & Tutumlu, 2019), fuzzy control (Krishen & Becerra, 2006), sliding mode control
(Khanesar, Teshnehlab, & Shoorehdeli, 2007), particle swarm optimization based PID control (Hassanzadeh
& Mobayen, 2008; Bogdanov, 2004; Sugie & Fujimoto 1998; Sukontanakarn & Parnichkun 2009) and there
are control studies sliding mode control methods via artificial neural network (Aydin, Yakut, & Tutumlu,
2019).

Especially in recent years, development of a Neuro-Fuzzy Friction Estimation Model used to estimate
the joint friction coefficients of a Triple Link Rotary Inverted Pendulum system (Hazem, Fotuhi, &
Bingiil, 2020), controlled of a rotary inverted pendulum by adaptive techniques (Nath & Dewan, 2017)
, performing stability control of double link rotary inverted pendulum with Fuzzy-LQR and Fuzzy-
LQG methods (Hazem, Fotuhi, & Bingiil, 2020), developing of a fuzzy logic controller for rotary in-
verted pendulum (Le, Vo, Van & et all, 2018) , controlling the rotary inverted pendulum with incre-
mental sliding mode control (Hong, Nguyen, Hoang & et all 2019), a comparative analysis of the linear
quadratic regulator and sliding mode control results for the rotary inverted pendulum (Nath & Dewan,
2018), performing of model-free sliding mode stabilizing control of the real rotary inverted pendulum
(Yigit, 2017), developing of numerical design method by using nonlinear sliding mode control method
for Rotary inverted pendulum (Cui, 2019), comparing the PID and sliding mode control results of the
rotary inverted pendulum system using PLC (Howimanporn, Chookaew & Silawatchananai, 2020), pole
placement controller applied to rotary inverted pendulum system (Mufioz-Poblete, 2018), per-forming
of a rotary inverted pendulum real-time stability control using an LQR-based sliding mode controller
(Chawla & Singla, 2021), performing of an adaptive neural network-based control of the rotary inverted
pendulum with oscillation compensation (Zabihifar, Yushchenko & Navvabi, 2020) studies have come
to the fore.

In this paper, the non-linear model of the rotary inverted pendulum system was obtained and the fuzzy
sliding mode control approach, which has a moving sliding surface, was used to control the pendulum. The
slope of the slip surface was obtained using a fuzzy logic structure. The values of the coefficients in the
fuzzy logic structure are optimized using the genetic algorithm. In the second part, Material and method,
Modeling of Rotary Inverted Pendulum System and Sliding Surface Moving Fuzzy Sliding Mode Control

356



2022, Vol 8, Issue 3, Pages: 355-369 Journal of Advanced Research in Natural and Applied Sciences

Design are explained. In the third chapter, results and discussion are given. In the last section, the results
are mentioned.

2. Materials and Methods
2.1 Modeling of Rotary Inverted Pendulum System

The system in figure 1 is a two-degree-of-freedom system driven by a single motor. © and B are variable
parameters of the system. The coordinate axis layout of the system is shown in figure 1. If the total kinetic
energy of the system is calculated according to this coordinate axis set;

T =-m(i® +31°) + 50602 +smy (5> + 3, + 2,°) +5 52 @2.1)

X,, ¥, in the equations are the center of gravity coordinates of the first limb., x,, y, and z, represent the
center of gravity coordinates of the second arm. m  and m, are the masses of each arm. I, and I, represent
the mass moments of inertia of the arms. The limb dimensions according to their center of gravity are L, and
L,, respectively. The friction coefficients at the joints are b, and b,. T represents the control torque applied
by the motor.

The equations of the expressions given in equation 2.1 are obtained as follows (see 2.2, 2.3, 2.4, 2.5 and 2.6).

X, = Lycosf (2.2)
Y1 = L{sinf 2.3)
X, = X1 — LpsinBsinf (2.4)
Yy, =¥, + LysinficosO (2.5)
z, = Lycosf (2.6)

If the above expressions are substituted to find the total kinetic energy of the system (see 2.7);
_1 2p2 ;17921 )2 ) 252 202002 1, 52
T = EmlLl 0 +5119 +Em2(L19 +2L1L2C0$ﬁ9ﬁ +L2 ﬁ +L2 sin ﬁ@ ) +Elzﬁ (27)

Potential energy of the system (see 2.8 and 2.9):

V= mygz, (28)
V =m,glL,cosf 2.9)

From here, the Lagrangian function is created as follows (see 2.10 and 2.11).
L=T-V (2.10)
L= %(mlle +1,)6% + %mz [(Ly + L,%sin?B)0? + 2L, L,cosBOS + L,* 2] + %IZBZ — mygL,cosp

(2.11)

The equation of motion for 0 (see 2.12):

d (0L oL
a(ﬁ) 50— o (2.12)
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If the expressions in this equation are calculated and replaced, the equation of motion for 0 is obtained as
follows (see 2.13).

(myLy® + I + myLy + myLy*sin?B)8 + myLy LycosBf — myLy LosinBf? + 2my L, sinficosp 0

=1—b0 (2.13)

The equation of motion for  (see 2.14):

: (a_L) =0 (2.14)

ac\ag)  ap

After performing the necessary operations in the above equation, the equation of motion for f} is obtained
as follows (see 2.15).

m,L,L,cosBO + (msz2 + Iz)ﬁ — myL,%sinfcosfO? — mygL,sinf = —b,f (2.15)

If the expressions 0 and B in the equations of motion are separated, the following equations are obtained
(see 2.16 and 2.17).

(mzLZZ + 12)(b19 - T— mleLZSinﬁBZ + ZmzLZZSinﬁCOSﬁﬂé)
- (myL,L,cosB)? — (mzLZZ + 12)(m1L12 + 1, + myLy + mszzsinzﬁ)

myLyLycosB(byB—myLy%sinBcosBO2—mygLysing)

- (myLyLycosB)2—(myLy?+15)(myLy 2 +13+myLy+myLy2sin2 B) (2.16)
§= (myLi® + I + myLy + myLy2sin?B)(bof — myLy*sinficosf? — mygLysing)

(maLiLycosp)? — (myly”® + L) (myLy® + I + myLy + myLy2sin?B)
_ mlechosB(bl9—r—mleLzsinﬁBZ+2m2L225inBcos,8B9) (2 17)

(myLiLycosB)2—(myLy?+15)(myLy 2 +1;+myLy +myLy2sin2 B)

The equation of motion of the DC motor that provides the rotational motion of the first arm can be written
as follows (see 2.18). Here, V, is the motor supply voltage and also the control signal, K, is the back
electromotive voltage coefficient, N is the gear ratio, R is the motor winding ohmic resistance, L is the
motor inductance coefficient and i is the electrical current flowing through the motor windings.

di _ Vg—-Ri Kph

dt L LN (2.18)

If we convert the expressions in the equations into state variables is obtained as 2.19, 2.20, 2.21, 2.22 and
2.23:

9, =x(1) (2.19)
6 =x(2) (2.20)
B =x(3) 2.21)
B =x(4) (2.22)
) (2.23)
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The motor control torque is calculated as 2.24:

Ky

T=" (2.24)

Where is the motor torque coefficient.

For the rotary inverted pendulum system, using these state variables, the moving sliding mode control
method was applied with the help of the program written in the Matlab program. With this control method,
it will be ensured that the pendulum angle B goes to the desired zero reference point. The Values of used
system parameters are given in table 1.

Table 1

System Parameter Values

Parameter Value Unit
m 0.15 kg
m, 0.1 kg
L, 0.4 m
L, 0.4 m
b, 0.01 Ns/m
b, 0.01 Ns/m
[ 0.0248 kgm?2
I 0.00386 kgm?2
L 0.1 Henry
R 1.4 Ohm
K, 0.25 -
K, 0.05 -
N 1/20 -

2.2 Sliding Surface Moving Fuzzy Sliding Mode Control Design

The sliding mode control method is a nonlinear and robust control method. Compared to other control
methods, it is a method that is not affected by external disturbances. Thanks to the oscillations on the sliding
surface to reach the desired reference, it can reach the result quickly with high accuracy (Young, Utkin, &
Ozguner, 1999). Because the system parameters are unknown or constantly changing and there are external
disturbances affecting the system, the sliding mode control allows long-term controllability as long as the
limit values of the system are known.

While performing the sliding mode control design, the slip surface must first be determined and a control
rule must be created to reach the determined slip surface. The time taken to reach the slip surface is called
the reach time. This region of the phase trajectory is called the reach mode. In reach mode, the system is
sensitive to parameter uncertainty and external noise (Edwards & Spurgeon, 1998). When the slip surface
is reached, the slip mode starts, in which the trajectory of the system is insensitive to uncertain parameters
and external factors. Chattering in sliding mode control applications is caused by oscillations around the
system’s desired equilibrium point, and it discloses the system’s unmodeled high-frequency dynamics.
Sliding mode control expression with sign function can be written as 2.25:

U = -k sign(S) (2.25)
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S in equation 25 is the slip surface function and it can be expressed as given in equation (2.26), depending
on the error (e) that occurs according to the response of the system and the variation of the error with time
(de). When choosing S, the slope of the slip surface C is taken as a time variable. The slope value is updated
instantly by looking at the answers of the system.

S=Ce+de (2.26)

An example of the sliding surface of the sliding mode control is shown in figure 2. As can be seen from
the given figure, the slip surface has a certain slope. The coefficient C in equation (2.26) represents this
slope.

/\de

Figure 2. Sliding surface

The controller’s success is ensured by determining the best value for this defined slope. The sliding mode
controller’s slip surface slope coefficients are treated as moving in this investigation. Fuzzy logic was
used to calculate the slope coefficient C. Mamdani type was used as fuzzy inference method. Center of
gravity was used as the defuzzification method. The error of the pendulum angle and the derivative of the
pendulum error are given as an introduction to the fuzzy logic structure. As an output, the slope coefficient
of the sliding surface of the sliding mode control is obtained. The optimum values of the base coefficients
of the membership functions in the fuzzy logic structure were calculated using a genetic algorithm. Genetic
algorithm parameters were used as FitnessLimit le-10, Generations 100 and PopulationSize 20. Figure 3
shows the block diagram in which the coefficients of the controller are optimized by the genetic algorithm
technique.

Ref. Fuzzy Sliding Mode
—_..
Logic Controler

—»  3ystem >

| Genetic y)

Figure 3. Controller Block Diagram
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Since the C coefficient obtained will vary each time, the control method has a moving sliding surface.
Below is the Figure 4 showing the mobility of the C coefficient.

de

IIL.]'l'II'II

Figure 4. Variation of the C coefficient

The rule table for the inputs and the output for the fuzzy logic structure, membership functions are shown

in table 2, figure 5, figure 6, and figure 7, respectively. Triangular membership functions are used for each
input and output.

Table 2
Rule table of fuzzy logic structure for slip surface C
de/dt
€ NBde Zde PBde
NB Z NB NB
Z, NB Z kg PB
PB, PB PB PB
N
MF1 MF2 : MF3
- >~
~ -~
Pl P 0 P2 Pl

Figure 5. Membership functions for inputl(e)
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N
MF1 MF2 : MFs
- -p3 -ps 0 ps  P3 <
Figure 6. Membership functions for input2(de/dt)
N
MF1 MF2 | ME3
< >
P5 -ps 0 ps ps

Figure 7. Membership functions for output (C)

The p,, p,, P, P,» Ps» and p, values of the base coefficients of the membership functions used in the fuzzy
structures were calculated by genetic algorithm and obtained as given in table 3

Table 3
Base values of membership functions
P, P, P, P, Ps P
20.7646 0.4166 0.7657 11.0061 91.7301 8.4752

The sign function in the sliding mode control expression causes the control signal to crackle. Various types
of functions are used instead of this sign function to solve this problem. The widely used saturation function
was chosen to replace the sign function in this study. As a result, equation (2.27) calculates the sliding mode
control expression with saturation function.

U = -k*SAT( S / epsilon ) (2.27)

Where the epsilon value was found to be 74.55 by genetic algorithm. The Fitness value-Generation
(Iteration) graph of the optimization process performed while calculating the unknown coefficients with the
genetic algorithm is given in figure 8.

3. Results and Discussion

In figure 9, the variation of the angular position of the first arm connected to the motor with respect to
time is seen. It started from the zero point at the beginning and changed direction in the first seconds. This
is an expected result to raise the pendulum.
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4 Genetic Algorithm - O
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Figure 8. The Fitness value-Generation (Iteration) graph of the genetic algorithm optimization process
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Figure 9. Variation of theta angle according to time

1.8

The graph in figure 10 shows the angular velocity of the first arm to time. It is seen that the angular velocity

value reaches 14 rad/s at the beginning and is fixed at 0 rad/s.
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Figure 10. Angular velocity change of the first arm according to time
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Figure 11. Variation of beta angle (pendulum angle) according to time

In figure 11, there is a graph showing the change of pendulum angle with respect to time. The pendulum is
required to stop at the unstable upper balance point. Therefore, the pendulum angle must reach the desired
zero reference point. As seen in the figure, the pendulum reaches the desired reference value in about 1
second.

In figure 12, the variation of the angular velocity of the pendulum with time is shown. As can be seen from
the graph, the angular velocity of the pendulum reaches zero after 1 second.
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Figure 12. Angular velocity change of the pendulum according to time

In figure 13 and 14, respectively, the torque value of the DC motor to be applied to the first arm and the
graph of the slope values of the slip surface are given. When the DC motor torque graph in figure 13 is
examined, it is clear that approximately 20 Nm of motor torque will be sufficient to bring the pendulum to
the desired reference value. It can be said that this torque value is reasonable for real applications. After
about 1 second, the control signal reaches zero. When the slip surface slope graph in figure 14. is examined,
it is seen that it takes values between 0-50 values.
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Figure 13. Variation of DC motor’s torque according to time
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Figure 14. Sliding surface slope graph

Figure 15 shows the time variation of the supply voltage signal that should be applied to the DC motor. It
can also be seen from the graph that the DC motor supply voltage source is limited to 12 volts. In figure 16,
the variation of the current passing through the DC motor windings with time is shown. It is seen that the

current drawn by the motor reaches zero value after about 1 second.

15

10F

Control Signal (Volts)

o
T

0.2 0.4 06 0.8 1 1.2 1.4 16 1.8

Time (s)

Figure 15. Graph of DC Motor Control Signal according to Time
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Figure 16. Graph of DC Motor Current according to Time

In Table 4, the results of the study conducted in this research article and a publication in the literature are
compared. As can be seen in the table, the pendulum angle of the system achieved a better settling time of
0.9 s in the current study (Nath & Dewan 2018)..

Table 4

Comparison of between work in the literature and the present work

Method Settling Time (s) Max. OV(eizrshoot Max. Unc(iiershoot
Rotary inverted (rad) (rad)
pendulum arm LQR 0.80 0.1260 -
angle results SMC 0.80 0.1460 -
Present Work 1.05 0.6981 0.1523
Pendul | LQR 1.25 0.0072 -0.003
enduium angie SMC 1.25 0.0130 - 0.004
results
Present Work 0.90 0.1745 -0.035

4. Conclusion

In this study, the nonlinear model of the rotary inverted pendulum system, which has a single degree
of freedom, was first obtained using the Lagrangian method. The pendulum angle was controlled by the
program created in Matlab with the help of state variables on the model obtained. For this reason, the
system has been controlled using the moving sliding mode control approach. The variability of the slope of
the slip surface was calculated by the fuzzy logic method. The coefficients of the fuzzy logic structure were
calculated with the help of the genetic algorithm. At the end of the study, it was observed that the pendulum
reached the desired reference value in about 1 second, the error was zero, and the control signal reached
zero. It has been observed that the motor torque value reaches up to 20 Nm and the motor draws a maximum
of 4 amperes. From these results, it has been obtained that the moving sliding mode control can be applied
to the system without any problems if the motor is selected considering the obtained motor values in the
real-time motor selection.
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Published: 25.09.2022 of the radiating element of the antenna was optimized to set the centre frequency to 5.8GHz. It has
been verified by electromagnetic simulations that the proposed antenna exhibits this centre frequency.
Then, the antenna geometry was sketched in a 3-dimensional drawing program and made ready for
printing. This antenna was fabricated on an Ultimaker 3D printer with a PLA filament con-taining
conductive carbon nanotubes. The radiation element of the antenna and the SMA connector were
finally attached to the printed antenna. The frequency response of the antenna is then measured using
a vector network analyser and it has been shown that the produced pyramidal horn antenna works in
the desired frequency band. The printed antenna has the desired frequency characteristic without the
need for any additional coating or conductive spray thanks to the PLA filament containing conduc-
tive carbon nanotubes. The produced antenna has a weight of only 64.53 grams, including the SMA
connector and the radiation element. The proposed lightweight and practical horn antenna design
concept may have important applications considering the advances and needs of mobile defence and
telecommunication systems.
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1. Introduction

Antennas are used for the propagation and reception of electromagnetic waves in radio frequency
(RF) systems. Electromagnetic wave propagation and reception are needed in many application areas
such as telecommunications, defence and medical systems. Antennas with various parameters are needed
for the propagation of high frequency signals in telecommunication systems, for the transition of the
telecommunication signal from the transmitting system to the transmission medium and again from the
transmission medium to the receiver system; in defence systems especially in radars that are used to
determine position, speed and shape; and in medical systems where medical imaging signals are transmitted
and received. In recent years, the demand for small and lightweight components is increasing especially in
mobile telecommunication and defence systems. For instance, the use of mobile base stations in the form of
drones in times of natural disasters are being implemented successfully (Bor-Yaliniz et al., 2018). Another
contemporary example is mobile defence systems, and it is predicted that the use of these systems will
increasingly continue (Hui et al., 2018). It is obvious that such applications will require components that
are as small, compact and lightweight as possible. On the other hand, 3-dimensional (3D) printing methods
are also being improved continuously and its application areas are widespread (Shahrubudin et al., 2019).

Apart from the engineering applications of 3D printing technology, their utilization areas are expanding to
medical systems (Wang et al., 2019), drug delivery systems (Matthew et al., 2020) and many other areas
(Phillips et al., 2020). In the engineering field, the application areas are expanding by diversifying the
filaments, which are the raw materials of 3D printing (Hu et al., 2018).
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Various antenna implementations employing 3D printing technique exist in the literature. For example, (Yao
et al., 2017) proposed a horn antenna with a centre frequency of 28GHz and printed on a 3D printer using
insulating filament. Then, copper-containing conductive spray paint and conductive tape were adhered to
insulating plastic antennas, and the measurements were performed and then the performance of the antennas
were compared for these two cases. Similarly, an antenna with a circular reflector operating in the microwave
X-band was printed with a polylactic acid (PLA) filament, and its measurements were performed after painting
it with conductive spray paint. This antenna has been concluded to operate properly at the centre frequency of
10GHz (Tak et al., 2017). In another study, a horn antenna was printed with PLA filament using a 3D printer
to operate in the 14-18 GHz band, then electrochemical deposition technique was used for metallic coating
(Kyovtorov et al. 2017). It has been shown by measurements that this antenna works properly in the planned
frequency band. In another study, an antenna was implemented to operate in the microwave D-band and the
performances of conductive coated polymer and direct metallic printing were compared (Gu et al., 2020). In
(Esfahani et al., 2018), a capsule-shaped antenna is printed using a 3D printer with silver and copper plating,
and this antenna has been shown to work as expected. In another study, a 2x1 horn antenna array structure
was given and the entire structure, including the feeding elements, was implemented using a 3D printer with
acrylonitrile butadiene styrene (ABS) filament; and then copper electroplating was applied on the structure
(Geng, 2019). The measurements showed that the antenna worked as expected. In another study, the gains of
horn antennas, which are implemented on a 3D printer using ABS filament, are experimentally investigated
for the cases where they are coated with copper, chrome and nickel (Geng et al., 2017). On the other hand, a
double-backed horn antenna was implemented in (Lee et al., 2018) to operate in the 6-18 GHz range, printed
on a 3D printer, and its performance was measured after coating it with silver-containing conductive paint.
It has been shown that this antenna also works as expected. In another study, a 16x16 dipole antenna array
was printed on a 3D printer, coated using electrodeposition method and then the characteristics of this printed
antenna and the equivalent antenna made of standard aluminium were compared (So et al., 2018). In (Zhang et
al., 2018), horn antennas were produced as prototypes, copper alloy and aluminium alloy horn antennas were
produced with metallic 3D printing technique and then performance tests were conducted. Although these
types of metallic antennas outperform coated antennas, manufacturing costs are seen as a drawback. In (Kwon
et al., 2017), fractal antennas were proposed, the insulating frame part was produced with 3D ABS filament,
the conductive parts were made using copper strips, and then performance tests were carried out. In an paper
reviewing the production of 3D high-frequency elements, it has been reported that elements produced with
the metallic 3D writing technique have better thermal and physical stability than plastic elements that are
subsequently painted with conductive paint (Zhang et al., 2017). Information about the antenna and other
supporting RF components implemented with silver-containing paint and PLA printing was given by (Kiesel
et al., 2020) and it was concluded that the silver paint was successful for providing adequate conductivity. A
horn antenna design for ultra-wideband applications was demonstrated by (Midtboen et al., 2017). Another
horn antenna operating in the microwave X-band (8-12GHz) is 3D printed using insulating ABS filament,
then silver-containing conductive paint, copper-containing adhesive tape and copper plating processes are
utilized to provide conductivity (Chuma et al. 2019). The performances of these antennas are compared and
it was concluded that the performance of the horn antenna implemented with copper coating performs better
than the others.

In this study, a horn antenna with a 5.8 GHz centre frequency is designed and implemented using 3D printing
technique. This centre frequency is selected to be used in Industrial, Scientific and Medical (ISM) applications
(Mishra et al., 2019; Mazar, 2014). The antenna dimensions is firstly computed and optimized using antenna
design and electromagnetic simulation tools. Then, the planned antenna geometry was laid out in the 3D
modelling program and then printed with a 3D printer using a PLA filament containing conductive
carbon nanotube particles. No other coating or deposition is applied to the implemented antenna. Then, a
subminiature version A (SMA) connector is attached to the antenna and then calibrated measurements
were performed using a vector network analyser (VNA) device. The measurements have shown that the
antenna works as expected at the expected frequency range. Thus, it has been shown that 3D antennas can
be implemented using carbon nanotube doped conductive PLA filament with accurate electromagnetic
characteristics. The weight of the produced antenna is 64.53 grams, which it is much lighter than its
metallic counterparts. It is concluded that the use of conductive carbon nanotube doped PLA filament for
the implementation of 3D printed antennas can be deployed for the fast production of lightweight antennas
in mobile defence and telecommunication systems.
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2. Materials and Methods
2.1. The Design and Simulation of the Pyramidal Horn Antenna

In this study, a pyramidal horn antenna, which is a widely used antenna type, was designed and
implemented. The model of a typical pyramidal horn antenna is given in Figure 1.

A typical pyramidal horn antenna consists of three sections as can be seen in Figure 1 (Balanis, 2016) The first
section is the waveguide part shown in green, the second is the aperture section shown in blue, and the third is
the radiation element shown inside the waveguide. Descriptions of the geometric parameters shown in Figure 1
are presented in Table 1. In this study, an antenna design that can be used in ISM systems is aimed. Therefore,
the centre frequency of the antenna was chosen as f =5.8GHz. In addition, the input impedance is taken as the
standard 50Q) reference level and the minimum gain is selected as 10dBi. These design parameters were entered
to an antenna design software and the geometric dimensions of the antenna were obtained as in Table 1.

In order to test the proper functioning of the design before the manufacturing of the antenna, the antenna
geometry was imported as shown in Figure 2a and simulated in an electromagnetic simulation software. In
the simulation program, the frequency range is selected 5-7GHz, the iteration residual limit is —40dB, and the
boundary conditions are chosen as space. After the simulations, the length of the radiation element was optimized
as 14.02mm, and the S | characteristic obtained according to this value is shown in Figure 3. As it can be seen
from this simulation result, the proposed antenna operates in a wide band around the 5.8GHz centre frequency.

Figure 1. Pyramidal horn antenna model.

Table 1

Geometric parameters of the pyramidal horn antenna and the values for f =5.8GHz centre frequency.

Parameter shown Explanation Value obtained by the
in Figure 1 design software
H Height of the waveguide section 19.91mm
W, Width of the waveguide section 39.81mm
L, Length of the waveguide section 50.86mm
H, Height of the aperture section 76.17mm
W, Width of the aperture section 105.27mm
L, Length of the aperture section 31.22mm
H, Length of the radiation element 14.47mm

Distance of the radiation element to the back surface of
D, 9.56mm
the antenna
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Figure 2. a) The view of the designed pyramidal horn antenna in the simulation software, b) FreeCad
drawing of the 3D printing of pyramidal horn antenna.
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Figure 3. The S, characteristic of the antenna obtained from electromagnetic simulations.

2.2. Manufacturing of the Designed Horn Antenna Using 3D Printing Technique

The pyramidal horn antenna, which was designed in the previous section and whose center frequency
is fine-tuned with simulations, has been drawn in a way that can be printed in 3D. FreeCad software, a
free program, was used for the 3D drawing process (FreeCad, 2021). The parametrically drawn antenna is
shown in Figure 2b.

The 3D drawn antenna was printed on an Ultimaker 3D printer. The .stl file for the drawing was im-
ported to the Ultimaker Cura software and the output was adjusted with 0.1mm layer thickness and 30%
filling rate. Functionalized F-Electric® PLA filament, which has high conductivity, was used as the
conductive filament. This filament can be used in applications that require high conductivity thanks to the
included conductive carbon nanotube particles making it to have a volume resistivity of 0.75Q.cm which
corresponds to the volume conductivity of 1.33S/cm (Functionalize, 2021). In the 3D printed antenna
geometry, the relevant holes were carefully drilled at the position of the radiation element and then the
SMA type connector, on which the radiation element was soldered, was attached to the anten-na. No
solder or conductive material is applied between the SMA connector and the antenna body. Photographs
of the manufactured antenna are shown in Figure 4. 48.94 cm3 conductive PLA filament was used for
the production of this antenna. The resulting antenna, including the SMA connector, is 64.53 grams
and provides a significant weight advantage over its metallic counterparts (ETS, 2021; NS-MI, 2021;
Pasternack, 2021) that is around 500~700 grams.
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Figure 4. Images of the manufactured antenna.

3. Results and Discussion

ARohde&Schwarz ZVHS vector circuit analyser (VNA) was used to measure the manufactured pyramidal
horn antenna. In order to increase the accuracy of the measurements, a 201-point calibration between
5-7GHz was performed with the ZV-Z135 SMA calibration kit before the measurements. The scattering
parameters of the produced antenna were then measured as shown in Figure 5. During the measurements,
the screenshot of the device was recorded as shown in Figure 6. In addition, the measurement data are saved
and plotted in the MATLAB environment as shown in Figure 7.

According to the measurement results, the frequency range in which the antenna’s reflection coefficient
(S,) is below the reference value of —~10dB is between 5.22GHz and 6.55GHz, and the centre frequency
value of the S| is determined to be 5.79GHz at which the S, has the lowest value of —40.52dB. From this
point of view, it is seen that the measured centre frequency is very close to the targeted centre frequency
of 5.8GHz. Moreover, it has been shown that the operating range of the produced antenna readily covers
5.725GHz-5.875GHz, which is the range of the ISM 5.8GHz band. Hence, the experimental results verify
that the implemented antenna has the desired frequency characteristic without the need for any additional
coating or conductive spray thanks to the utilization of the PLA filament containing conductive carbon
nanotubes. Furthermore, the produced antenna including the SMA connector and the radiation element has
the weight of only 64.53 grams, making it a feasible alternative for a variety of applications demanding
lightweight antenna components.
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Figure 5. Experimental setup
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Figure 7. The measured and simulated S | characteristics of the manufactured antenna
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As the next step, the gain-frequency characteristic of the antenna is measured in anechoic chamber using the
ZVHS8 VNA. A Pasternack standard gain horn antenna is employed as the reference antenna which is placed
at a distance of 1m from the 3D printed antenna. The obtained gain-frequency plot of the antenna is shown
in Figure 8. As it can be seen from Figure 8, the measured antenna gain closely follows the simulated
gain. The simulated antenna gain at the centre frequency of 5.8 GHz has the value of 12.7025dB where the
measured gain is 12.6341dB at the same frequency point.
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Figure 8. Gain-frequency characteristic of the manufactured antenna

The E-plane (¢p=90°) farfield radiation pattern of the antenna is obtained in polar coordinates as given in
Figure 9. From this figure, the antenna gain is confirmed as 12.7dB at 5.8GHz and the direction of the main lobe is
in line with the +z axis. The 3dB beamwidth has the angle of 36.6° and the side lobe level has the value of -17.1dB.

Farfield Gain Abs (Phi=90)

30 -30

60 R X 60

-90

Frequency = 5.8 GHz
Main lobe magnitude =  12.7 dB

180 Main lobe direction = 0.0 deg.
Angular width (3 dB) = 36.6 deg.
Theta / Degree vs. dB Side lobe level = -17.1 dB

Figure 9. E-plane farfield radiation pattern of the antenna in polar coordinates
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Finally, the normalized gain of the manufactured antenna is obtained and plotted as shown in Figure 10 for
the centre frequency of 5.8GHz. It is seen from Figure 10 that the measured normalized gain of the antenna
is close to the simulated case demonstrating the versatility of the filaments containing conductive carbon
nanotube particles for use in 3D printing of antennas.
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Figure 10. Normalized gain of the antenna at 5.8GHz centre frequency

4. Conclusion

In this study, a pyramidal horn antenna is designed and manufactured for the 5.8 GHz ISM frequency
band. First of all, the antenna dimensions were computed according to the required frequency band and
then the size of the radiation element was optimized by simulating the antenna via an electromagnetic
simulation software. As the next step, the proposed antenna was modelled on FreeCad, a 3D drawing
program, according to the final geometric dimensions. The antenna geometry was manufactured on
an Ultimaker 3D printer with a conductive PLA filament containing carbon nanotube particles. Then,
the antenna production was completed by adding the SMA connector and the radiation element to the
antenna. The calibrated Rohde & Schwarz ZVH8 VNA device was used for the measurement of the
produced antenna. The measurement results show that the antenna operates in the 5.22GHz-6.55GHz
range. The antenna provides a reflection coefficient lower than —20dB in the 5.725GHz-5.875GHz
frequency range, which is the targeted 5.8GHz ISM band. Moreover, the gain-frequency characteristic
and the farfield radiation pattern of the manufactured antenna are obtained and presented. The simulated
and measured antenna gains are 12.7025dB and 12.6341dB, respectively, at the centre frequency of
5.8GHz. The normalized antenna gain with respect to the theta angle is also given, which shows that
the characteristic of the 3D printed antenna closely follows the simulated values demonstrating the
versatility of the filaments containing conductive carbon nanotube particles for the manufacturing of
3D printed antennas. Therefore, it has been concluded that the designed and manufactured pyramidal
horn antenna works as expected. As a result, it has been shown that conductive filaments containing
carbon nanotube particles can be used in 3D antenna production and the antennas manufactured in this
way possess a weight advantage thus their use in mobile defence and telecommunication systems can
be advantageous.
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Received: 06.03.2022 production system. Monitoring systems based on cameras are not sufficient in livestock barns since

they require visual inspection and ignore vocal conditions within the barn. These systems are also
Accepted: 26.05.2022 quite expensive for most small family operations. A prototype device that costed $ 470 developed to
Published: 25.09.2022 remotely monitor the barn based on sound sensors (microphones) data. This device also warns the
operator by sending an SMS at sound intensities exceeding the predetermined durations and threshold
values. It also makes it possible to listen to the barn by phone if needed. The device and associated
web database was tested in this study. The main challenge was the determination of threshold values
at which sensors are to generate warning SMS messages. As a method, Z-score of 2.33 which
corresponds to area left of the 99% of the normally distributed data curve was determined representing
the highest values with a possibility of 1% observation for each sensor. An average value of 97 dB
was determined to be a threshold suggestion for future studies. A customizable web-based MySQL
database was created to monitor and evaluate the long term data collected via the system.
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1. Introduction

Modern herd management practices and technologies cause animals to become more sensitive to
environmental stimuli and stress (Demirdren and Tagkin, 2004). It may not be adequate to explain or
reveal stress and animal welfare with discrete methods. For example, it is not enough to state that the
animal is 'in harmony' with the surrounding conditions (Lorz, 1973; Hughes. 1976). Nor are these ex-
planations useful in the scientific view of livestock wellbeing. Other measures related to the livestock's
responses to control the relevant environmental conditions that cause stress and are more descriptive
(Wiepkema, 1982; Broom, 1986). These terms measure the welfare of the animal and the effort of the
animal to cope with the environmental factors that cause stress with perceptible parameters (Broom
1996; Duncan, 1996).

In this context, there has been many research conducted to explain the stress-induced behaviors among
livestock under the influence of environmental stimuli. If these behaviors are not detected correctly and in a
timely manner, overall animal performance may be affected. In recent years, there are many studies on the
use of information technologies to minimize these effects (Chung et al., 2013a; Chung et al., 2013b; Lee et
al.,2014; Lee et al., 2015; Mendes et al., 2015; Ahmed, Mun, Islam, Yoe & Yang., 2016). Observing animal
behavior by placing a camera in the barn for visual evaluation of livestock welfare is one of the simplest
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and first imaginable methods. Moreover, it is possible to obtain different information by analyzing animal
behavior in computer using different algorithms (Rushen, Chapinal & Passillé, 2012).

One of the environmental factors that cause stress in animals is noise. Mammals show startle, freeze or
move away from the sound source response above 90 decibel (dB). Animals are more comfortable at
intensities below this value. It is also reported that reactive behaviors to sound vary according to sound type
and content, and that mammals can adapt to sound with some minimal differences (Anthony, Ackerman
& Lloyd, 1959; Bond, Winchester, Campbell & Webb, 1963; Ames and Arehart, 1972; Espmark, Falt &
Falt, 1974; Ames, 1978). The acceptable noise level in the barns is reported as 85 dB in the regulations.
However, it is reported that the measured intensity can reach up to 106.8 dB due to the different works done
inside the barn with a background noise level of 72 dB. Hence, acceptable sound intensity in the barn may
vary between 72 and 85 dB (Anonymous, 2006).

Animals not only develop stress due to environmental sound, but also make sound as an indicator of stress.
Vocalization of cattle is an indicator of stress. The cattle sound has a frequency range of 50-1,250 Hz (Kiley,
1972; Watts and Stookey, 2000). Newly weaned calves have been noted to make sounds at frequencies as
low as 31 Hz (Watts and Stookey, 2000). Average sound levels from cattle may vary between 80 and 90
dB (Weeks et al., 2009). In fact, cattle can detect sounds as low as 25-35 kHz (Heftner and Heffner, 1992).
Therefore, knowing these threshold values reveals the potential of using today's technologies to determine
stress based on animals’ sound.

Sound levels of dairy cattle barns must be monitored, as it is a sign of conditions related to loss of life beyond
the loss of productivity and welfare. Operations are usually monitored by security cameras. However, it
is not possible to continuously monitor the security camera images. Therefore, they can’t be aware of the
conditions that may occur in the barn and to take the necessary precautions when the operator is out of the
operation. Approximately 99% of dairy farms in Turkey are small family businesses with 50 heads or less.
It is very expensive for these small businesses to have the technology to continuously monitor and evaluate
noise in the barn. Producers are looking for low-cost solutions that can warn them based on the sound level
inside the barn rises above normal levels and allow them to listen inside the barn. In this sense, the most
important problem is the lack of technology to intervene in a timely manner in cases where animals get sick,
injured or even when there are security problems in the barn.

In this study it was aimed to develop an easy-to-use; low-cost barn noise tracking system that can work with
the most widely used smart mobile phones. The features of the system were to monitor the environmental
conditions related to the sound in the barn via a mobile phone, to intervene in a timely manner when needed,
to listen to the barn from outside the operation, and to collect sound-related data for further analysis. The
proposed technology also provided a database to evaluate the overall noise level that cause environmental
stress on both animals and workers.

2. Materials and Methods
2.1. Experimental Setup

The prototype device was developed in the Digital Agricultural Laboratory in Canakkale Onsekiz Mart
University, Faculty of Agriculture, Department of Agricultural Structures and Irrigation. The device was
fixed in a double row free stall dairy barn housing 80 Simmental cattle located in Canakkale Province, Biga
District, Cinarkoprii Village, Turkey. Average milk yield in the enterprise was 20 It.day™'. Seven microphone
sensors were placed in the 30 m long and 15 m wide barn. The main station (prototype device) was fixed to
the middle bar of the roof truss at the center of the barn on the service road. Microphones installation plan
and cross-sectional view of the barn showing the microphones and main station is given in Figure 1. The
microphone fixed to the main station is denoted as Mic-0 and the remainders are numbered through Mic-
1 to Mic-6. It was observed that the replacement height (2.5 m from the ground) of the microphones had
ignorable effects on the recorded data.

The main station device recorded microphone data in the database at specified intervals. In addition, the
automatic answering system which was used to listen to any microphones was also in the main station.
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Figure 1. Microphone installation plan

2.2. Development of the Prototype Device

The system consists of a main station (prototype device), software, and a web-based database. It is
essential that these three components communicate with each other continuously in order to allow real-time
sound monitoring, collecting the sound data and generating instant alerts based on the alarm set points. The
schematic representation of the prototype is given in Figure 2.
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Arduino GSM
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Temperature &
humidity sensor
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Figure 2. Schematic representation of prototype

An Arduino microcontroller was used to integrate all sensors and related electronics. Six sensors (Mic-1
to Mic-6) transmitting the sound data to the main station via cables and the central sensor (Mic-0) were
soldered to the relevant analog inputs. It was also expected to listen to the real-time sound in the barn
when needed. The microphone located near the loudest sound source should be selected automatically.
Since there were 7 microphones connected to a single output, it was inevitable for the sounds at different
points to overlap. To prevent such situation, a digital channel selector (multiplexer) was used to listen to the
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microphone closest to the sound source. This module has 4 selective channels depending on the sound data
obtained from the analog inputs. Based on the combinations of on-off information sent to these channels,
the relevant microphone was listened.

Microphone module (ON Semiconductors, Phoenix, Arizona, USA) integrated on the Arduino
microcontroller is a low-cost technology consisting of an amplifier circuit card with three different outputs
including analog audio output, sound detection and level outputs. In this way, the sound can be output
directly, the presence of any sound in the environment can be detected and the level of the sound can be
measured. Each output works independently of each other and can all be used at the same time. In this way,
sound levels at different points could be recorded and the microphone that detects the highest intensity
could be selected for listening. The components on the microprocessor have different energy demands
in the stationary and active phases. It is vitally important to maintain consistent power to the system at
all times. Using an external power supply module that only meets the energy needs of the sensors has
eliminated the potential power problem.

The prototype system can also record the temperature and relative humidity at desired time intervals.
The aim here was to observe temperature/humidity, which is another important stress factor, along with
the stress that noise can cause. A SHT11 sensor that can measure both temperature and relative humidity
(Sensirion AG, Staefa ZH, Switzerland) was used in the prototype. This sensor measures the air temperature
and relative humidity with high accuracy and sends them to the microprocessor unit. Although temperature
and humidity data were recorded, they were not evaluated in this study.

Arduino GSM Shield-Simcom/Sim800C unit was used in order to send the data received from the
sound and temperature/humidity sensors to the server via the mobile network. Due to its ability to
operate in four different bands and its internal antenna, data transmission can be prevented from being
interrupted in areas where the network signal is weak. Unlike other components, the GSM module
needs a consistent power supply. If it cannot get enough power, it stops the communication in order
to protect the system. An uninterruptible power supply was built into the prototype device to prevent
power surges and short-term interruptions inside the barn from blocking the system. This unit consists
of 6 lithium batteries and a battery recharge module. This power supply not only protects the device
from fluctuations caused by the city current, but makes it possible to operate during interruptions that
may occur up to 4 hours.

2.3. Sensor Calibration

The microphones produce digital output of 8-bit integers varying between 0 and 1024. Therefore, the
microphone data should be calibrated to obtain sound levels in decibel (dB). In order to develop a calibration
setup, a unit that will produce constant sound and another unit where sound data can be monitored were
designed. The sound generator to be used in the experimental setup must provide sound with a constant
frequency and intensity. For this reason, active piezo speaker was preferred. The piezo speaker works with
the logic that the two-layer plate inside is deformed under electrical load and then returns to its original
form. Depending on the applied electrical load, the intensity of the sound produced remains constant. In
addition, its active operation ensures that the sound frequency is equal to that of the electric charge.

The electric charge passing over the piezo speaker must be controlled in terms of frequency and intensity.
These parts, called drivers in sound generators, require a microcontroller. Considering the power demand
of the unit an Arduino Nano (Arduino LLC., Italy) control card working with ATmega328P microcontroller
was used. The operation of the digital output terminal at 1 ms intervals was specified. In this way, it was
ensured that the piezo speaker remains constant at a frequency of 1000 Hz. Another component required in
the design of the unit is an interface where sensor data can be monitored simultaneously. In order to ensure
the flexibility of the experimental setup and the continuity of the data flow, it was needed to be directed to a
mobile device wirelessly. For this purpose, HC-05 Bluetooth Module (ITEAD Intelligent Systems Co. Ltd.,
China) was used. Since this module uses the serial communication channels of the microprocessor control
card, it does not cause any interference in the sensor data. Schematic representation of the calibration unit
is shown in Figure 3.
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Figure 3. Assembly diagram of the calibration unit

2.4. Software and Database Development

The open source platform (Arduino IDE) provided by the microcontroller card was used to develop the
software. Arduino IDE employs C/C++ programming language. Each microphone continuously transfers
the sound data to the Arduino mainboard. In addition, they transmit the ambient sound to the audio input
jack of the GSM unit. The sensor directed to the audio input jack of the GSM unit was also determined by
the multiplexer module. On the other hand, the correct sensor command was given to the channel selector
module via the Arduino. In this case, time should be allowed to channel selector to operate by monitoring
the level data from the microphone modules in 3-second cycles. In each cycle, the selector combination
required for the sensor module with the highest loudness was transmitted to the channel selector module.
Apart from the resting cycle of the sensors, the frequency of the data to be transmitted to the database was
another cycle in the software. The shortest interval allowed for login in the web database was 1 minute.
Hence, data is recorded in 1-minute intervals.

Another expected capability from the prototype was to create a warning SMS in case the threshold values
are exceeded, which is provided by another cycle specified in the software. Accordingly, 5 minutes of sound
level above the threshold values should create a warning SMS. When the GSM module is called to listen
to the voice in the barn after the warning SMS is received, the call should be answered automatically. The
command to provide automatic response must be active continuously between sending data and sending
SMS. Therefore, this command is associated with the starting point of the first loop of 3 seconds. Thus,
when the barn is monitored, it was automatically directed to the microphone with the loudest sound, and
as long as the call continues, all microphones were tested every 3 seconds and if the sound source was in
motion, the relevant microphone was activated.

It was aimed that the sensor data obtained from the barn is collected in the web database. There are
different options for creating and running an online database. However, in the selection of database
management system, bandwidth demands of the collected data and easiness of the transmitting the data
in a uniform variable format was considered. Hence, PHP that creates customizable databases associated
with MySQL, which is the most preferred open source management system for the creation of web
interfaces was selected. The PHP can work with all internet-enabled devices. In this respect, a customized
table has been created in the PHP database, which allows the data to be followed from almost any device.
The data transferred over the GSM unit were analyzed in a table format and placed in the relevant
columns together with the timestamp for further data processing. The flowchart of the software is given

in Figure 4.

3. Results and Discussion
3.1. Calibration Results
The units prepared for the calibration experiment were fixed to the upper edges of the 65 cm high stands.

The stands were aligned so that the direction of the generator was right between the sound sensor and the
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Figure 4. Flowchart of the software

UT-353 decibelmeter (Uni-Trend Technology Co.Ltd., China). In this way, it was ensured that the sound
intensity can be perceived equally by both devices.

A standard 5V power supply was connected with a USB cable to provide the energy needed by the sensor
unit and the sound generator during the experiment. Then, a mobile phone was connected via Bluetooth and
placed on the stand where the decibelmeter was located (Figure 5).

Power source

Sound
generator

Sound
detector unit

Figure 5. Calibration experiment
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During the experiment, generator unit was removed from the measuring unit to create decreasing amplitudes.
The sound generator unit produced 20 measurements per second. The moving average method was used
to calculate average sound intensity for each second. In this way, the effect of instantaneous fluctuations
that may cause deviations in sound intensity data was eliminated. Each 1 dB change in the decibel meter
and corresponding 8-bit integer values were monitored and recorded to create a calibration equation. Using
the logarithmic calibration equation each sensor readings were converted to dB units for further processing

(Figure 6).
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Figure 6. Calibration equation

3.2. Statistical Analysis

The main purpose of the developed prototype was to monitor the unusual changes in ambient sound
level regarding animal and barn safety and send a warning SMS to the producer. The most important
challenge faced with the developed method was the determination of threshold values for warning SMSs.
No such threshold value has been found in the literature. As an approach, using the highest recorded value
in the barn could be considered. Anonymous (2006) stated that the noise level in a dairy barn can reach up
to 106 dB. Therefore, when the system was installed in the barn, 106 dB was used as the threshold until
sufficient data was obtained. It was observed that in the first 4 months of the study 106 dB was exceeded
only by Mic-5 and Mic-6, 1 and 25 times, respectively.

The 4-month-data were used to calculate the maximum, minimum and mean values for each sensor. The
aim here was to determine whether the mean or maximum values could be used as threshold. The statistical
parameters and the number of times they were exceeded calculated in MS Excel (Table 1).

Table 1

Statistical parameters for the first 4 month of study

Parameter Mic-0 Mic-1 Mic-2 Mic-3 Mic4 Mic-5 Mic-6
Average: 86.0 93.6 90.2 93.0 93.8 91.0 94.0
Maximum: 96.8 103.6 1054 1059 1022 106.0 107.3
Minimum: 79.2 79.2 79.2 78.1 79.7 79.2 79.2
Times average value exceeded: 47313 44,165 51,486 51,896 48,666 48241 48,566
Times maximum value exceeded: 0 0 1 0 1 1 6

As can be seen from Table 1, if the sensor average values are accepted as the threshold, more SMS will be sent
than necessary. On the other hand using the maximum values may cause almost no warnings. It is very difficult
to determine a realistic threshold value. Considering the past experiences of the owner, unusual conditions
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such as sick animals or the entry of other animals such as dogs or wild birds into the barn are observed about
a few times a month. It was aimed to determine the noise level that continues for 5 minutes and above, which
will cause an average of 2-3 SMS to be sent per month based on the producers demand and experiences.

For this purpose, Z-score test was applied. For each sensor, it was determined by trial and error method
that the highest decibel value, which is likely to be seen with a probability of 1% was selected as threshold.
Normality test (confidence level 95%) applied to the sensor values for testing the suitability of Z-score
test in MS Excel (Table 2). Considering the values listed in Table 2, all sensor values were normally
distributed.

Table 2

Normality test results

Parameter Mic-0 Mic-1 Mic-2 Mic-3 Mic-4 Mic-5 Mic-6
Mean 86.0 93.6 90.2 93.0 93.8 91.0 94.0
Standard Error ~ 0.0037 0.0087 0.0069 0.0085 0.0086 0.0066 0.0094
Median 85.8 93.6 90.1 93.0 93.9 91.0 93.9
Mode 85.6 93.3 88.3 91.6 93.6 89.7 93.3
Standard

Deviation 1.1596 2.7512 2.1886 2.7121 2.7226 2.0829 2.9800
Sample

Variance 1.3447 7.5690 4.7903 7.3554 7.4128 4.3383 8.8774
Kurtosis 6.1307 0.7127 1.0434 0.4918 1.1364 0.7973 1.6521
Skewness 1.3299 -0.5455 0.1524 -0.4241 -0.71624 -0.0020 -0.6275
Range 17.6 24.4 26.2 27.8 22.5 26.8 28.1
Minimum 79.2 79.2 79.2 78.1 79.7 79.2 79.2
Maximum 96.8 103.6 105.4 105.9 102.2 106.0 107.3
Confidence

Level (95.0%)  0.0072 0.0170 0.0135 0.0167 0.0168 0.0129 0.0184

With Z-score which corresponds to area left of the 99% of the normal distribution curve of 2.33 was
determined representing the highest values with a possibility of 1% observation for each sensor. Then

the following equation was applied to determine actual sensor values corresponding to this Z-score (3.1)
(Blaisdell, 1998).

Y =Zyae X0+ 1 (3.1

where, Y is the sensor value observed with a possibility of 1% of all population, o is standard deviation, p is
mean sensor value. Based on the Z-score test threshold values were determined for each sensor. The system
generated SMS messages when the threshold values exceeded for 5 minutes. The threshold values and the
number of SMSs that producer received during the second 4-month-period study are listed in Table 3.

Table 3
Threshold values
Mic-0 Mic-1 Mic-2 Mic-3 Mic-4 Mic-5 Mic-6
Threshold value (dB) 89 100 95 99 100 96 101
No of SMSs sent 21 13 15 25 11 12 9
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Asexplained above, the multiplexer used in the system does notallow the sensors to send SMS simultaneously.
Therefore, the values in Table 3 were obtained with the largest sensor values recorded for 5 minutes. This
means more than one sensor may reach the threshold values but only the highest was allowed to generate
SMS. Based on the data the prototype caused total of 106 SMS during the 4-month period.

3.3. System Performance

The producer reported that the warning SMS was sent generally during the feeding and milking times when
the animals were active. This is an expected result due to the use of machinery and staff mobility in the barn.
During the study no SMS received at night when there were almost no activities. Although there was a power
outage at least once a week, continuous data could be obtained from the system, which can work with both
AC and DC power supplies. Minute-based data is collected for 8 months, yet the database limits were not
exceeded. Collected daily data volume was around 76 bytes which is an acceptable capacity. In addition, the
data in the database can be downloaded in MS Excel format, allowing it to be used directly for data analysis
for various purposes. Accordingly, the existing database can be recorded for more than 10 years without
any limit problem. When the minimum and maximum sound intensity values created by the sensors were
compared, there was a £8% difference, including the module inside the device whose microphone was not
removed. This difference decreases to 2% between the sensors on the right and left of the service road and
which were symmetrical to each other. In this case, it can be concluded that the length of the cable used for the
microphones has some ignorable effect on the generated sound intensity data. The fact that each sensor was
handled separately while determining the threshold value for the sensors prevented possible errors.

The most important factor determining the performance of the system was the threshold value to be used. As
a method in this study, the values corresponding to 1% or less of the recorded values were accepted as the
threshold. However, it should not be forgotten that different times and lower sound levels may also indicate
unfavorable conditions in the barn. In such cases, if the owner or employees are in the business, the device
can be completely deactivated and unnecessary SMSs can be prevented. In addition, both shorter alerts (less
than 5 minutes) and lower threshold values can be easily defined in the system when the owner is outside
and has to check the barn more often. Hence the developed system provides a flexibility to monitor the
barn under various situations. The overall cost of the system should also be considered in the performance
evaluations. All the electronics and associated materials that were needed to assemble the system can be
easily obtained from the electronics market at low costs. The prototype costed $ 470 including the 1 year
webhosting service fee for database.

4. Conclusion

One of the most important problems encountered in small livestock operations is the remote monitoring
of the barn, especially regarding safety and animal health. Visual monitoring based on cameras is not
possible when the producer is out of operation. It is also an expensive solution for small scale operations.
Based on the principle that animals make sounds at different frequencies and durations when under stress,
a low-cost sound-based monitoring system was developed. The device was assembled in the laboratory and
sound data was collected in a small-scale dairy barn for 8 months. It was aimed to send SMS warnings in
case of emergencies when the pre-set threshold values are exceeded and listen to the barn if needed. The
main challenge was the determination of threshold values for each microphone sensors that causes SMS
warnings. It can be suggested to adjust threshold values depending on the presence of operator within the
operation. Accordingly, the SMS warnings should be suspended for the time intervals in the daily routine
of feeding, manure cleaning and milking processes. This may be a solution to unnecessary SMS warnings
or missed situations. The prototype device not only provides a tool to monitor noise conditions it is also
a useful tool to evaluate the overall noise levels within and outside the barn. The results show that this
particular operation maintains the limits of noise exposure for both animals and labors.
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in the operation of these systems. The models created within the scope of this study include decisions
such as the capacity of the systems to be created in order to support long-term investment decisions
for energy infrastructure planning, and where, how much, and when energy should be generated. In
addition to the purpose of the models and the elements they contain, one of the most important factors
that complicate the problem is that the problem is stochastic and contains uncertainty. It is possible to
get an idea about the electricity market prices and the flow rate and amounts of the rivers that supply
water to the production in hydroelectric power plants, with estimation methods, but it is impossible to
determine them precisely. All these uncertainties should be taken into account when the capacity of the
infrastructure of the energy systems is created. In this respect, in this study, systems are modelled and
compared using both deterministic and stochastic programming. The quasi-Newton method is used
for nonlinear optimization tasks to plan energy pro-duction under the uncertainties in the nature of
renewable energy. In the feasibility study, the Monte-Carlo method, which is a mathematical technique
used to predict the possible outcomes of an uncertain event, was applied.
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1. Introduction

The need for energy, which has increased in parallel with production with the Industrial Revolution,
has been a current issue since the 18th century (Teck et al., 2019). Every government, every home, every
business, and every major issue is underpinned by energy. The increase of power consumption day by day,
climate change, and the need to manage diminishing fossil fuels such as natural gas and oil reserves; these
three main factors create an enormous problem in power engineering and it gives us reasons to develop
power systems and their management, which influence market conditions and to be depended from other
countries. But the situation is not easy to understand and resolve as power systems are among the hardest
issues that exist for human activities. As seen in Figure 1; according to the International Energy Agency,
world energy demand is estimated to increase by approximately 60% in the next 30 years (Kober et al.
2020). The most pressing issue is determining how to fulfil this demand.

Because of the rapid decrease in the number of conventional resources and increasing demand, some
countries will not be able to meet the demand by conventional primary resources until 2030 (Matzenberger
et al., 2015). As conventional energy sources (fossil fuels) are decreasing day by day, governments should
adopt two strategies: reducing energy demand and increasing supply. In this context energy reliability,
efficiency and renewable energy are notably relevant. Renewable energy serves two main targets: protecting
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Figure 1. Global energy demand between 1971-2030 (Ranaraja et al., 2020)

the environment with emissions-free energy and generating energy to meet the demand (Davis et al., 2018).
The efficiency of energy addresses using energy most accurately without any reduction in production,
comfort, and workforce.

Furthermore, currently, a lot of the countries are developing policies and trying to determine attainable
targets in this area (Shukla et al., 2017). Comprising features mentioned above, small hydropower plants
(SHPP) have been getting attention in both developed and developing countries. Western countries such
as North America and Europe have already exploited most of their hydropower potential. However, South
America, Africa, and Asia have still substantial unused potential for hydropower. Small hydro can be the
cure and help of the insufficient energy in developing countries, as China did with 43000 small schemes
and 265 GW of total installed power capacity (Bachir, 2017). In terms of fossil fuel sources, Turkey cannot
be considered a rich country; this condition creates economical and political barriers to the development
of the country (Kok & Benli, 2017). Beyond these problems; Turkey has a large renewable energy sources
potential for electricity generation (Bulut & Muratoglu, 2018). The participation of the private sector in the
energy field started a new era in energy generation from renewable sources in Turkey.

Hydroelectric energy constitutes the most important renewable energy source in Turkey (Bulut & Muratoglu,
2018; Erdin & Ozkaya, 2019). Considering its geomorphological structure and climatological/hydrological
characteristics, Turkey is among the countries that can be considered lucky in terms of both its head and
water level. Disregarding that potential, mainly large-scale hydroelectricity and thermal (non-renewable) has
been widely exploited. To handle the potential of other renewables, a feed-in tariff (FIT) scheme has been
implemented since 2001 (Kural & Ara, 2020) and it has experienced several revisions over the last decade.

One of the world's biggest problems faced in the 21st century is a secure energy supply (Asif & Muneer,
2007). In our country, where the demand is increasing quite rapidly, meeting the energy demand in a
reliable manner as well as peak power is of great importance in terms of ensuring the supply security of
the system and hydropower can handle this issue. Large numbers of papers (Alvarez et al., 1994; Asif &
Muneer, 2007; Jiang et al., 2018; Marchand et al., 2019; Xu, J., Liu, Z., Jiang, 2021; Y. Yang et al., 2020;
Z. Yang et al., 2022) are devoted to solving the generation plan problems. It is important to note that the
HPP operating mode should be selected based on uncertain and random factors. Summarizing the above
can be noted that despite the efforts of researchers and governments, there are still many unresolved issues,
especially to maximize profits through an optimal selection of HPP parameters and operation mode.

For the purposes of this study, objective research is defined as research that aims to develop short- and
long-term planning models for price takers generating in the market environment while pursuing profit
maximization while taking into account energy market conditions, uncertainties, and joint working
opportunities. To achieve the stated goal four main tasks need to be considered:

» development of stochastic optimization algorithm for hydroelectric power plant;
* a cost-benefit analysis (CBA) to measure the benefits of a decision;

» presentation of CBA findings of total project costs for installed power capacity and reservoir
alternatives; establishing a long-term SHP to evaluate qualifications and find the best alternative;
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» synthesis of a model for the benefit of hydroelectric power plant operators; testing of models during
the solution of optimization tasks; description of the volume and resources of information required; the
possibility of applying models has been proven by the Quasi-Newton method.

The first chapter describes the topicality of the study, formulates the goal and tasks of the work. The chapter
contains an introduction to the problem and deals with the research methods which are used for the acquisition
of the results of the work, as well as the basic levels of research. Chapter two describes general knowledge
about small hydropower plants and their equipment. Chapter three starts with information about SHPP design
and continues to describe the formulation of SHPP operations. Also, feasibility scenario the Chapter offers
an optimization technique purposeful by maximizing income for hydropower which has limited water to use.
The economic part of the feasibility study of power plants in terms of a particular feed-in tariff and market
conditions is formulated. Chapter four presents the application of the considered methods with examples and
a case study for a Turkish SHPP. The suggested algorithm of power plant working condition optimization is
approbated on the Saf HPP. Chapter five represents conclusions and devoted an outline of the future work.
Finally, several conclusions and suggestions for future work are given and the solution algorithm is presented
to solve the hydropower generation coordination problem at market conditions.

1.1 The objectives of power supply development

Sustainable energy is the model of energy acquired from non-exhaustible resources so the provision
of this model of energy distributes the needs of the present without compromising the ability of future
generations' capacity to satisfy their own. Electricity generation, distribution, and consumption have many
unfavourable environmental consequences at the global, regional, and local levels, including indoor air
pollution in global warming, blighted area communities, and land degradation. Green energy organizations
are needed to direct all of these towards environmental sustainability (Zhang et al., 2021). The sustainability
topic covers the three pillars of issues — environmental, economic, and social- and includes issues such
as indigenous peoples, downstream flow regimes, resettlement, infrastructure safety, water quality,
sedimentation, and erosion (Ranjbari et al., 2021).

Sustainability prevents the rising of oil prices; it helps provide cheap and environment-friendly energy.
Overall, the sustainable development of the hydropower sector is based on three important principles:

(Zhang et al., 2021)

* economic sustainability means delivering the maintenance of the renewable resource base, and the
use of non-renewable resource rents to encourage structure the improvement of other factors of
generation. Cost-benefit analysis and evaluation of long-term economic performance are the keys to
the achievement of economic sustainability;

» social sustainability is based on how effective regions and countries are in the building of new projects,
which means people involvement during erection and generation for working and improvement of
self-knowledge.

 the avoidance of unavoidable environmental causes such as biodiversity loss and the buildup of
persistent pollutants is essential for ecological (environmental) sustainability. Technology and
economics are also related to resource management, decision-making, acquisitions, etc (Alterach et
al., 2010). Figure 2 represents a definition of the space of feasible solutions, considering the legal,
technical, and economic aspects or boundary conditions.

Hydropower energy technologies are important contributors to sustainable energy because they help to
provide global energy security by lowering reliance on fossil fuels and giving chances to reduce greenhouse
gas emissions. Sustainable energy sources and efficient use of energy as a whole cannot be considered
separately. The basic aim of sustainable energy sources and efficient use of energy is a reduction of carbon
dioxide emissions. Small-scale hydropower is a promising alternative for producing inexpensive and
sustainable energy in rural or developing areas. The case study of this thesis aims at investigating the useful
tools for operation and management for small-scale hydropower in rural areas for sustainable development.
(Demirtas, 2013)
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Figure 2. The space of SHPP feasible solutions (Alterach et al., 2010)

A sustainable hydropower project is possible, but it needs careful system design and proper planning
to control the objections (Kaunda et al., 2012). The hydropower projects which are planned well can
contribute to the supply of sustainable energy. It is important that up-to-date information (knowledge) is
necessary for investors, energy planners, and other stakeholders to make informed decisions concerning
hydropower projects. Hydropower can considerably provide towards diminishing effects of global warming
and mitigation of climate change, increased national energy access and security, creation of economic
opportunities, and thus completely leading to sustainable development (De Jong et al., 2018).

1.2 Hydropower in Turkey

The technical potential provided current and expected local economic conditions in developing
technology but can be part of the so-called developed and economically feasible hydropower potential of
increasing energy prices, technical and economic potential of the technical potential of the approach. Figure
3 shows Turkey’s annual energy generation percentages.

3% ~1%

Figure 3. Turkey’s annual energy generation percentages (Ministry of Energy and Natural Resources, 2022)

B Export 3%

B import 1%

B Foreign
Resources 51%

B Notural
Resources 45%

As aresult of climate change, and due to the effects of Covid-19; electricity production in Turkey decreased
by 16% in HPPs in 2021 compared to the previous period (Coban, 2021). As seen in Figure 3, developing
domestic and renewable energy resources is very important for Turkey in ensuring sustainable development
because the country imports 51% of the total energy it consumes, according to the statistical data of the
General Directorate of Renewable Energy. The country’s premier domestic and renewable energy resource
is hydropower. Figure 4 below presents the distribution of Turkey's installed power resources as of the end
0f2021. About 46% of the installed capacity belongs to renewable energy sources. The renewable installed
capacity of a very large portion is constituted by hydraulic capacity. The share of solar and geothermal
power is limited. The share of natural gas is 27% (Ministry of Energy and Natural Resources, 2022).
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Figure 4. Turkey’s installed power as distributed among resource types (Ministry of Energy and Natural
Resources, 2022)

» Turkey’s annual potential hydroelectric energy capacity is 128 billion kWh. Nevertheless, only 36% of
this capacity is being used; currently, the amount of electricity annually produced from hydroelectric
power plants is 46 billion kWh. Also, many hydropower plants are under construction by the private and
the public sector. (Yuksel et al., 2017)

» Especially Northern of the country (the Black Sea region) is rich in terms of altitude and rivers. Most of the
Black Sea region is hilly; it can be possible to develop higher heads by way of non-expensive civil works so
that smaller flow rates are needed to achieve the power aimed at. Renewable energy will play a critical role as
Turkey’s development for accession to the European Union is in progress.(Yuksel et al., 2017)

* Turkey has about 1.5% of the world’s total hydroelectric potential, with an average altitude three times
higher than the European average, with an average elevation of 1132 m, and the location, the country is
ringed on three sides by seas, is highly favourable for hydroelectric power production. This topography
favours the formation of high gradient mountain streams, which are applicable locations for small-scale
hydropower development. (Kaygusuz, 2018)

» Turkey, which has the sixth-largest electricity market in Europe, has a rapid growth rate in electricity
consumption above the GDP per capita growth as a result of population growth, economic, and
industrialization growth in the last two twenty years (M. Sahin, 2021).

» Privatization efforts of the government were notably fruitful in Turkey’s hydropower environment. The
very quick growth in the number of privately financed small to medium-sized hydroelectric power plants
helped the country to develop a more secure, efficient, and reliable energy supply as well as progress
towards its goal of producing 100% of its total energy from renewables by 2050 (Coban, 2020a).

» Turkey has Europe's highest hydroelectric potential with its 216 billion kWh/year technical hydropower
potential and the economically viable potential is 140 billion kWh/year; but was using only 24.58%
(67,259 GWh) of hydropower potential as of the year 2015 (Bilgili et al., 2018; Erat et al., 2021).
However, many European countries are trying to reach the production target of over 70% of their
economically viable hydroelectric potential. (Lund & Ostergaard, 2018).

The support scheme and the day-ahead market:

Unfortunately, Turkey’s markets are still inadequate when compared to the EU countries that are leading
the utilization of renewable energy sources. For example, according to the German Renewable Energy
Law for different energy sources government offers different feed-in tariffs. Still, the Turkish government
guarantees to purchase the produced electricity for 10 years and offers a feed-in tariff of 7.3$cents
(6.4€cents)/kWh (Yalili et al., 2020). In addition, the Law provides additional bonus income for each
domestically produced component of mechanical or electro-mechanical equipment used in power plants.
This is called “local contribution™ (Yalil1 et al., 2020). The feed-in tariff for some of the European
countries is shown in Table 1.
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Table 1

Feed-in tariff rates in Europe €c/kWh (Legal Sources on Renewable Energy, 2021)
Country Biomass Biogas Hydropower Wind PV
Lithuania 8.6 8.6 7.0 7.5 44.0
Latvia 18.5 19.5 18.8 10.5 42.6
Germany* 5.76 8.3 3.5-125 3.5-19 8.92
Turkey 10.4 10.4 6.4 6.4 10.3
Turkey* 11.8 13.3 9.5 9.5 15.2

Germany*: offshore wind €ct 3.5 — 19 per kWh, onshore wind €ct 4.72 — 8.66; Turkey*: with an additional payment for “Made in Turkey”
components

Every day, the national load distribution center publishes a demand forecast determined on an hourly
basis for the next day on the Market Management System. Participants need information such as seasonal
conditions, precipitation, various factors such as occupancy rates, and system constraints when the dam
produces electricity for the next day considering their estimates. The aim is to increase production at times
when the demand is high and to reduce and stop production at times when the demand is low. As in all
markets, in the electricity market, if the demand is greater than the supply, the price increases at that
time; night hours, weekends, and holidays represent examples of electricity prices going down. Market
participants can submit hourly, block, and flexible bids at the day-ahead market. The amount and price
of bids can differ for different hours. The maximum and minimum amount of power and price that can be
traded is determined by the Market Financial Settlement Center (C. Sahin, 2021). Figure 5 abstracts the
process of the day-ahead electricity market.

0:00
MYTM -
Participants submit hows the Partu:lpa'nts Annou!'n:ement PMUM The
. i commit for pricesand announces R
the hilateral lable 3 b perational
' 2 e buy/sell bids accepted bids by market day begins
contractsto PMUM mnsmls_smn to PMUM PMUM results
capacity

Figure 5. A timeline of the Turkish day-ahead market

1.3 The methodology of a cost-benefit analysis

The CBA is the heart of a feasibility study for a small hydropower project (Wendle, 2019). The costs
and benefits that an investment project will provide over its entire life are determined in monetary terms.
The discount rate plays a critical role in the choice of whether or not a proposed project is economically
feasible and should accordingly be carried out. Furthermore, the longer the life of an investigated power
plant project, the greater the impact that the discount rate has on costs and future benefits (Wendle, 2019).
The main objective of the CBA is to provide alternatives that are economically best appropriated for the
improvement of an aging hydropower plant. The primary objective of the analysis is to collect all the costs
associated with all the alternatives and to determine the relationship between the returns and the investment.
The initial stage of this analysis is to calculate the total cost for each alternative, then the present worth of
the revenues is calculated and the relationship established; if the alternative is economically viable and is
best suited for both the investment or returns ratio and the reliability of the unit, then the project application
stage begins (Wendle, 2019).

Figure 6 summarizes the economic methodology for calculating the annual net income. To estimate the
annual net benefit, project operating and maintenance expenses are subtracted from the sum of reve-nues,
which are gross electricity generation, project services, and additional incomes. Additional annual benefits
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relate to being in coalition with irrigation companies, other energy producers, and fishermen. Annual benefits
of the project consist of revenues from benefits such as river transportation, water supply, irrigation, and
flood control. Annual costs of operation represent interest payment, past and future investment costs on the
project, and current operation and maintenance costs. (Bin, 2021)

Annual

oower Annual Annyal Annual cost for | |
oroduction additional + benef|t§ of | mmm | maintenance and | :nuaf.t

benefits incomes the project operation et pro¥

Figure 6. An income calculation of a hydropower plant

A thorough search and review have been carried out for relevant published reports and journal papers;
several studies exist that reveal the costs of production for run-of-river, storage, and pumped-storage
hydropower plants (Belbo, 2016; Kotchen et al., 2006; Wessel et al., 2020; Yildiz & Vrugt, 2019). One of
the existing cost equations and associated work is summarized below.

The authors of (Kotchen et al., 2006) draw on three studies of environmental constraints, which are,
firstly, electricity production costs, secondly, air quality benefits, and, thirdly, recreational fishing
benefits on hydroelectricity production costs and benefits related to the run of river flow. The authors
investigated the economic impact of increases in electricity production from other resources. As a result,
the best approximate calculation offers that the aggregate benefits are more than two times as large as the
producer’s costs.

Areview of the literature shows that several empirical equations have been developed worldwide to estimate
electromechanical costs, civil works, and overall project costs. However, each of these studies has certain
limitations about being applied to the prediction of costs for new hydropower projects in the United States.
Particularly, the cost of a hydropower project is nonlinearly correlated to installed capacity and head; also
it is very sensitive to the evolving technologies and site-dependent.

2. The Basics of SHPP Design and Operation

The choice of the most appropriate sites for the hydropower exploitation depends upon the relationship
between the construction, operation, and maintenance costs of the entire system and the income from
energy selling plus the additional benefits, such as creating a coalition with a public trader and/or local
consumers (Sun et al., 2021). According to the hydropower equation (2.1), the power generated is
proportional to the product of the head and the release via the turbines, with precise values set by turbine
design (Bachir, 2017).

P, = puh (kgm), 2.1

Where;

P, -potential energy:;

p - the density of water in kilograms.1000/m?;

u - the amount of water;

h - the height difference between inlet and outlet in meters.

The quantity of water falling (2.2) is called flow. When water supplies u discharge rate some time interval, m%/s:

Q:

z 22
t (2:2)
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In order to obtain the water velocity required to produce energy from a water turbine with the help of water
force, a drop height or the kinetic and pressure energy of the water is absolutely needed. The maximum active
hydraulic power (installed power) capacity that a facility can produce is expressed in the formula (2.3) below.

P =npgQh, (2.3)

Where;

P - the power output, measured in Watts;

n - the efficiency rate of the generator and turbine;
O - the water flow rate m%/s;

g - the acceleration of gravity, 9.81m/s?

The real-life model of a power plant is more complicated. Because n is a function of the head-pond of water.
This phenomenon can be taken into account when choosing concrete equipment.

2.1 An overview of SHPP optimization procedures

The optimization task of power plant management can be identified with multi-parameter, linear or non-
linear, dynamic, stochastic, discrete variables (Asif & Muneer, 2007; Mahmoudimehr & Sebghati, 2019).
No commonly accepted solution to this task. Many simplified approaches are applied. Depending on the
objective function, the restrictions on the types and designs, the mathematical task after its formulation can
be solved by using the mathematical programming Omethod. A wide range of mathematical programming
methods is described in the literature. There are optimization studies in the fields of water resources
management and power generation using the solver application, and some of the most frequently used
programming models are summarized below.

An optimization model has been developed in the article (Benli & Kodal, 2003) investigated the optimum
plant pattern with the Non-Linear Optimization method they developed in the South-eastern Anatolia
Region in their study. The model inputs were transferred to the MS-Excel solver program and the LINDO
software package under water potential, crop yield, adequate and limited irrigation conditions. With the
same objective function and constraints, they tried to determine the optimum planting area distribution with
linear and nonlinear models and showed that the net income obtained from the nonlinear model was higher
under limited irrigation conditions.

The article (Arai et al., 2011) simulated a study in Bangladesh using an Excel Solver application to
demonstrate the impact of electricity generation on economic growth. For various power generation schemes,
a solver for nonlinear problems in the model was used and six steps were followed. i) the constants and
settings were set, ii) a price system calculation was obtained, iii) income and final demand were calculated,
iv) production demand was calculated, v) the equilibrium was solved and, vi) future electricity prices
and capital accumulation were calculated. Upon comparing the results for various established models, the
electricity generation capacities and applicable planning and operating policy were obtained.

The paper (Tiainen et al., 2008) investigates the optimization of the energy production of a Finnish head-
dependent reservoirs in light of market conditions based on the Nord Pool Spot hourly energy price. The
optimization algorithm’s objective function is to maximize the income in a given period, with the hourly-
changing the inflow, electricity price and the current generator states as inputs while keeping the head
between the required limits. With varied inflow levels and pricing data, the technique is examined using
genetic algorithm-based and steepest ascent-based optimization algorithms. The reservoir was filled to the
maximum before the peak time and the head was allowed to drop when the price was high. The optimization
is implemented in three versions — Steepest Ascent Hill Climbing, Genetic Algorithm, and Simulated
Annealing. The results are compared the income had improved approximately by 0.5-10%.
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The authors of (Wu et al., 2008) present the cost of reliability by considering the stochastic nature of
power systems in the long term. Random outages of transmission lines and generating units as well as load
forecasting errors are designed as scenario trees in the Monte-Carlo simulation. The hourly unit commitment
problem is used to solve the reliability model in a successful way. They have applied the Monte-Carlo
method to simulate potential contingencies in uncertain security-constrained unit commitment.

The authors of (Desreumaux et al., 2014) aimed to develop a new method to compute the cost-to-go
function efficiently and to reduce the computation time of the Stochastic Dynamic Program algorithm
applied to a hydropower system optimization. The objective function of the one-stage optimization problem
that is solved to evaluate the cost-to-go function includes the summation of two terms, the current benefits
function, and the expected water value function.

The article (Howard, 2006) describes the formulation of a hybrid two-stage hourly hydropower generation
optimization model that is established on an MS-Excel solver. The first stage determines the hourly total
powerhouse discharge that maximizes generation revenue within the operating limitations and constraints,
namely the quadratic optimization model. The second stage is a non-linear postprocessor, which
disaggregates the optimized plant discharge and simulates the operation of the project using the suitable
non-linear curves. The method was used to determine plant and unit operations to maximize revenue.

The authors of (Najarchi & Haghverdi, 2020) would like to attain optimal operation of the hydropower
plant, which is a multistage and nonlinear combinatorial optimization problem with many constraints and
can be presented as finding a water level change sequence that satisfies all constraints to maximize the
annual income by electricity generation. As a result, they found that the differential evolution algorithm is
preferable to dynamic programming since it provides a new approach for multi-reservoir combined optimal
operation and has better calculation speed.

The nonlinear monthly optimization model proposed by the authors of (Barros et al., 2001) has been
developed for the operations and management of a large-scale hydropower system and applied to the
hydropower system of Brazil. Their model can be used by two different approaches, a linear approach
and a nonlinear one. The linearized model replaces the energy production and tailrace functions by their
corresponding average values in a seven-year planning time horizon. Their results showed that the linearized
model produced 1.5% and 0.5% more energy.

The authors of (Enoksson & Svedberg, 2015) concentrate their self in master thesis more on the mathematics
on a two-stage stochastic optimization model. The objective function aims to maximize the income. The
authors developed a model that uses public data that are directly observable from the electricity market for
hydropower optimization which takes hydrological uncertainty into account. They have tested different
methods which are the normalization approach, where the assumption that inflow to the reservoirs is
outcomes from a normal distribution for each time step, and the Bootstrap approach, where scenarios are
created by randomly sampling inflows from the historical observations. The author’s recommendation is to
use one of these two inflow distribution methods.

The article (Soares & Carneiro, 1991) proved the influence of several factors including water inflow
seasonality, head-pond, discount rate, and system design on a deterministic optimization. The result showed
that these factors have a great effect on the long-term optimization for CBA of hydrothermal power plants.
To model the stochastic factors, they have used a deterministic approach because authors could not compute
in a stochastic way.Summarizing above, it can be concluded that the HPP optimization problems can be
considered as multi-objectives, non-linear and stochastic. These keywords form a base of the algorithm
which has been chosen in this study.

3. General mathematical programming
It is assumed that the profit (3.1) of the power facility is any function of head pond, water discharge,

market prices, etc. can be defined as below.

Rip = ¢(C¢, Dy, Uy, Hyg, Ky, CHy, Invy, Py, pie, OMe, A;r) (3.1)
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where;

R, — the profit.

C, — electricity market prices, Eur/MWh;
D, — risks ratio for year “t”;

U, — the number of units;

H_ — the head-pond, m;

CH, — the catchment area, km*;

K, — the discount factor for year “t”;

i — the number of the option (alternatives);
Inv,— the cost of construction.

P_— the installed capacity;

OM,, — operations and maintenance costs in year “t”;
p,, — efficiency of turbine and generators;
A — capacity of the reservoir, m?;

t — the time interval, t (year);

A given set of input parameters is known in the deterministic situation, while some of these parameters are
uncertain and/or probabilistic in the stochastic case. In this case, the random R,, optimization problem can
be formulated as an average profit maximization task as follows:

Pit' Uit' Hit' Ct' Ait' Pit»

+00
M[Rip] = At f_m f ¢ <0Mt; D¢, K¢, CHy, Inv, ) dr

3.2)
Where;

F — a multidimensional probability distribution function (Antans Sauhats et al., 2016; R. Varfolomejeva et

al., 2014).

The objective function presented in the form (3.2) is not only difficult for maximization, but also very
complex to calculate (Antans Sauhats et al., 2016).

3.1 Constraints of SHPP operation

The main constraints of HPPs operation can be classified into four groups: (Yuan et al., 2021)

I. The reservoir storage volume limits:

The head-pond means the difference in height. It is assumed that H can be any value lying within the
domain [H , H |, where H , H are positive constants (3.3) specified in the operation plan:

max

Hfpmin < Hf < Hf o Viel VteT

(3.3)

where H represents the water level (3.4); the min and max are the allowable lowest and highest-level during
time t respectively (3.5, 3.6). is reservoir level at the beginning of period ¢;

HE + AF - f = HI*? (3:4)
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T T
HE=HI 4 ) Ab= ) ol 3)
t=1 t=1 '

T T
Hit,max P Hi + ZAS - Z Qlt = Hit,min

t=1 t=1 (3.6)
Viel, VteT
Where;

Tt - the index and set of hours;

Li - the index and set of the reservoir;

A! - the water flow rate into the reservoir at hour t;
H; - the water level at hour t;

Q! - the volumetric discharge at hour t.

The rate of A water flowing into the dam is a positive variable. It is straightforward to extend water flow can be a
deterministic function of't or to follow a stochastic process. The water level relationship can be reformulated as the
sum of the initial level storage and the difference between the flow and discharge from periods 1 to T as follows:
II. The water discharge from the reservoir:

Water discharge is the rate of the water flowing through the turbine. It is assumed that O can be any value
residing within the domain [Q . O ], where Q is zero,and O (3.7) is determined by the turbine’s head.

Qfmin < QF < Qf o VIEIL VEET (3.7)

where QO . and Q _are water discharge’s the lower and the upper limits, respectively. In the case study, the
minimum water discharge was considered negligible.

III. The power generation:

P is a function (3.8, 3.9) of the head-pond 4H and reservoir release Q:

Pl =nfQfAH!, Vi€l VteT (3.8)
0<P{ <Pl Vi€l VteT (3.9)
Where;

AH; - the water head at hour t;
n: - the overall efficiency of the power plant at hour t;
P -the maximum power generation at hour t.

IV. Minimum power generation:

The minimum production (3.10) must be set to a certain amount of the maximum production on each unit,
taking into account the efficiency of the turbine and generator, and the cavitation.

%R - Plipin < P < Pliay (3.10)
where R is each unit’s minimum electricity generation.
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The objective function for deterministic approach:

To maximize power generation as one of the operational goals, a way to achieve this is to use water overhead
to increase power generation while reducing wastewater. The only way to maximize revenue with the
deterministic method is to maximize energy production because electricity prices are fixed.

Mathematically, optimization problem (3.12) can be formulated as:

R = Max(E(Q) - ¢ — Ex) (3.11)
T n

I(P,Py,...,P) = Maxzz PE(Q) - ct (3.12)
t=1i=1

Where E is the total amount of produced electrical energy as a function of i and ¢ are the index of the
reservoir and time, respectively; / is income, P is the generated power of the hydropower plant in kWh, O
is the water flow through the turbine in m3/s, ¢ is constant electricity price, Ex represents the expenses;
namely interest payments, operations and maintenance costs. According to equation (3.11), the decision
variable is the hydroelectric output depending on the reservoir release.

The objective function for stochastic approach:

The purpose of the SHPP owner is to maximize profit from all price forecast scenarios that the turbines/
generators are only run during peak load hours, as the prices are higher. SHPP should stop generating power
during a period of low price and accumulate water in the reservoir. It is required to consider restrictions
and limitations on the natural water flow on small rivers and the possible amount of water that may be
consumed by a SHPP during the day. The operation of a reservoir for a hydropower plant is a complex
endeavor. The variation of the water pressure on the SHPP is caused by the variation of the upstream and
downstream water levels. This is due to the use of water through SHPP’s turbines. Therefore, the variation
of the water level should be limited from the top and bottom (Berry, 2003; Coban et al., 2015).

The main criterion (the objective function) of the optimization task is income maximization (3.13, 3.14); at
market conditions, mathematically, optimization problem can be formulated as:

J
I(B,P,y,.s )= Y (¢, Pyypp,) = max (3.13)
j=1
J J
I(Pl,PZ, ,Pj) = argmaxz I; (cj,PSprj) = maxz G (9,81 “Newrd Mg - Qj Hj) (3.14)
j=1 J:]_
Where;

Py, ., - SHPP produced electricity, kWh;
Pj - produced electricity at j-time;

¢, - the electricity market price at the period j, EUR/kWh;
Hj - the headwater level at the intake in m;

Qj - water inflow through the turbine, m?/s;

h - the efficiency factor of the components: h,, =h, , -h ., where h, , - turbine efficiency factor; h . -
generator efficiency factor (Grigoriu & Popescu, 2010; A. Sauhats et al., 2014).

L (cj, Pj) - the income from the sales of electricity, that is gained on power facility during the time interval

At]_ by known market price ¢, €;

402



2022, Vol 8, Issue 3, Pages: 391-428 Journal of Advanced Research in Natural and Applied Sciences

It is necessary to determine the operating schedule of the SHPP, providing the maximum revenue per
regulatory cycle 7, hour. The first statement can be applied considering the water level limitations and the
usage condition Wj of the set water amount in the reservoir (3.15): (Renata Varfolomejeva, 2014)

J
At =W
;Q, J 7 (3.15)
Where; ;
T — the regulation cycle duration: T = Z;At j

=

0 - the water flow through the SHPP flap during the time interval At, m?/s;
w.- the set amount of water (m?) that could be passed through the SHPP flap per regulation cycle T.

The time interval equals to At =1 hour at the dally regulation cycle of SHPP. The power generation on
SHPP during to the j-th interval At] is defined as: P - At . At the known natural inflow of the river Qﬂgw,
used water flow in each time interval of regulation is determined by the value Q. that depends on the usage
of water reservoir capacity (m?®) (Renata Varfolomejeva, 2014; Renata Varfolomejeva et al., 2013)

3.2. An overview of the optimization tools

An optimization is a key tool in designing and planning. The purpose of this study can be considered as
targeted to not only methodology and algorithm but also the software creation. In this direction, we needed to go
a long way. The necessary steps for creating optimization software for power plants are summarized in Figure 7.

The selected path is exhibited by red colour. In the first stage stochastic approach is preferred. Secondly, the
time-average method has been applied. The following three steps are associated with optimization procedure
selection. A big number of variants are existed and are used. We have selected a mixture of them: linear for part

| Start

I [.‘rlt) - Daterministic approach I L )— Linear programming I ) Bender

Py . & \
| Bto, | - Stochastic approach [ HQ - Monlinear programming | QN |- Quasi Newton method
N N N

|- 8¢ | - Scenario approach ( ﬂfQ Static [ HE'Q - Home produced tool
> s h
s it F Y
[ ﬂ'[) Game theory I Dyn | - Dynamic | IT’) - Industrial Tools
b .

\_) Me]= olar] ( :':: - Statle/Dynamic Qu:s)-mm-u solver

—
I\T-t) - Time average approach Iir') Gradient I\W)—Induslrhl solver

Figure 7. The necessary milestones for creating optimization software of power plants (R. Varfolomejeva
etal., 2015)
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of tasks and non-linear when accuracy is needed; statistic task statement is applied, but to do enlargement of
variables number a dynamic nature of the problem is considered. The Quasi-Newton method is selected for the
maximization problem solution (Coban, 2020b; Khaniya et al., 2020). The last three steps are related to software
development. The choice of MATLAB and MS-Excel solvers, as well as was determined by university resources.

3.3. SHPP optimization tasks mathematical restatement and reformulation

It is assumed that an electric power system includes consumer Cons, generation companies Gcom, and
power network Pnet (3.16):

Own(Gcom' Pnet: COTLS) (3‘16)

In general, each of these contains many objects managed by different owners (3.17):

Gcom (gcomlr s gcomnl)
Pnet (pnetlv ---rpnetnl) (3.17)

COTLS (COTLSl' L COTLSTLl)
Each owner strives to increase their own profit (or reduce expenses) (3.18):
R(Ownj) = max (3.18)

In the general case, it is assumed that the owner’s profit is any of the following nonlinear functions:
parameters I1 and configuration X of the owned objects (3.19);

I I (3.19)
The part configuration and parameters may change over time (3.20):

ree) =x;(e); (3.20)
Parameters and configurations depend on uncertain and random events and processes (solar radiation, wind
speed, ambient temperature, etc.); and they must be selected (in the design phase) before the experiment
begins. Considering the parameters listed above, the optimization objectives are formulated as follows:

R(Owny) = F,(2,11,%;_,11;_,t,T'(t)) = max

R(Own,) = Fos(Z, 1,3, 1,t,I'(t)) = max (3.21)
subject to: 6(2, L,E,_4,00;_q, t,F(t)) EX0)

Due to each optimization function contains random time processes /(¢), and profit R is time-dependent the
form (3.21) cannot be solved. It is necessary to take into account to select indicators that allow describe
profit by one number; to create an appropriate statistical model of random processes /(#); and to choose
planning period length. Performance of these steps allows to express the owner’s profits in form (3.2).
Using (3.2), it can be re-formed (3.21):

M[R(Own,;)] = max

M[R(Own,)] = max (3.22)
subject to: § 3 2

where M is the mathematical expectation of the value.
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For the following reasons, statement (3.22) describes an extremely complex problem.

Equation (3.2) contains a very large integral and highly complained probability distribution function that
should describe a multidimensional random process I'(t);

The solution of (3.22) is concerned with all owners' decisions. In the event that there is insufficient
knowledge regarding the behaviour of rivals, each owner must make own judgments.

The objective functions of (3.22) are non-linear in the general case and contain discrete variables
that describe the configurations of the power system objects under optimization. A large number of
configuration variants can be generated.

Long term planning covers time horizons between 10 and 40 years Meanwhile, the operation conditions
are changed each hour.

The impact of random processes should define the future. Named difficulties lead us to search for
appropriated simplifications. Figure 8 represents the proposed general optimization modelling approach.

Analyzing expressions (3.2) and (3.22), the stochastic approach leads to the formulation of an objective
function that is extremely complex in terms of required computational effort and wide scope of input data.
To estimate the expected profit according to (3.22), the multidimensional integral must be calculated. It
should be added that since the typical planning horizon is thousands of hours going into a corresponding
dimension of the integral, the size of the integral may be too large for the problem under consideration. The
difficulty of computing the integral (3.2) can be considered as the main reason for applying the scenario
approach. (Antans Sauhats et al., 2015; R. Varfolomejeva et al., 2015).

| .
: Water inflow | Storage size Turbl:fi;géi(:‘;ir;erator
H data I 3 relationship i\
L ____\l/_____l \L |
jmmmmmmm————— |
Model ‘?f Objective ! Electricity H
reservoir function | market prices H
N 1
-
] v\

Constraints Optimization Ecolloglcal and
environmental

model run o
- limitations

Figure 8. Optimization simulation flow chart

3.4. Decomposition approaches for optimization

It is assumed that the power facility is a player in the day-ahead market. To investigate long-term

planning issue; it is necessary to formulate the time period of N, years profit M[R(Own,)] maximization
problem. The profit for the planning period can be calculated as the sum of the annual profit (3.23).

Nt
Ry = Z M[R(Owny)], (3.23)
=1

NPV is the difference between the present value of the investment’s cash inflows and the present value of
the cash outflows. Each year’s profit is used when calculating the NPV (3.24) and can be expressed as:

] 8760
NPV = Z—CFJ' - Z We;  Cej) — Exy
= (1+d)/ = (1+d)/ (3.24)
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Where;

CF - net the cash inflow during period j;

d - the discount rate; it is supposed that d is constant during planning time.
Jj - the number of lifetime periods e.g. years, months;

w,- produced power at hour j;

E_-the expenses.

C . - electricity market prices at hour j;

9

the sum of daily profits represents each annual profit R :

365 24
R, = Z Z M[R(Owny)]; (3.25)

5
K=1J=1

Analyzing (3.25), the profit of the day is linked with water amount into the reservoirs at the start and the
end of the day under the study. The main objective of the model is to estimate the annual income and
expenditure of storage facility projects during their lifetime. These parameters can then be used to calculate
the payback period, NPV, and IRR for feasibility assessment. Consequently, a simplified profit-based
optimization algorithm is presented by the structure of the algorithm in Figure 9.

One year opt i ation N randomly selected days

Selection days
randomly and
Iediurm -term
optimization

4

Short-term storage
capacity estimation

.

Mﬂid: One day Incom e
optimization of estimation
income
w
Annual profit
2 Profitvalue um [Incomes-expenses)] estimation
W distributions}

Figure 9. The main algorithm of optimization (Antans Sauhats et al., 2016)

The optimization steps are shown in Figure 10. A concrete day is chosen at random and the level of the
reservoir is unknown. To make an accurately estimate of the reservoir level, 7 days before and 7 days after the
selected day are selected. In the next step, only the previous reservoir levels are used. Profit maximization of
the selected days is accomplished using a more accurate nonlinear model. Next, the short-term optimization
results are generalized to the long-term using a time-averaged technique, thus combining long-, medium-, and
short-term planning. The number of trials should be large enough to minimize the error rate.
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3.5. Multiple probability simulation for profit forecasting
It is considered one day profit R, which can be obtained on day i of year ‘4’. Due to influence of random
and uncertain parameters R, is also random. The R, can be expressed as (3.26):

Rix = M[Ry] + Rix (3.26)

where; M[R,] is the mathematical expectation of average profit in year %’

R, is a centralized random variable. Also, it is assumed that M[R, ] can be presented as the sum of two
components:

M[Ry] = d(k)M;[Ry] + M, [ﬁ]; (3.27)

Where d(k) represents a multiplier that allows to take into account annual profit changes and is affected by
price increases over the years. Expression (3.27) can be rewritten as follows:

M[Ry] = My[Ri] + (1 + d(K)) (3.28)

Calculations using (3.28) allow to estimate the mathematical expectation of any day’s profit in a year using
a statistical model of first-year process. It is supposed that R, = R, = ... = R,. It means that probability
distribution function of R, remains constant over the years. It is assumed that the processes observed in a
day are stationary, which means it is possible to calculate the average profit as a time average value. This
expression allows to calculate revenue using only a probabilistic representation of processes in the first
year. This capability significantly reduces the number of tests in applying the Monte-Carlo method of profit
estimation (Dong et al., 2019). If the power producer chooses to work in a market regime, for short-term SHPP
optimization, firstly need to know the water flow rate and the electricity market prices which can be forecasted.
Then we can decide how to use water resources by linear or non-linear programming. When we decide how
much power we can produce on the next day by non-linear programming, then we can deal it with the market.

3.6. Long-term planning problem specifics

A mathematical statement of the problem is to be exhibited. In both cases (market conditions or fixed
regime), we assume a nonlinear statement of the problem supposing that the shareholder’s revenues R(t)
can be described by any nonlinear function as (3.29):

R(0) =f (M), p(©)) (3.29)

where V' (¢) stands for decision variables —the dimensions of the reservoir, the water head pond, the number
of aggregates, the type and installed capacity of units, etc.;

p(t) stands for the random processes which influence income —the energy prices and the water flow rate to
the reservoirs. The annual planning problem is formulated as follows:

T=8760
maximize = R(T) = f R(t) dF
0

(3.30)

The planning process consists of several steps of alternatives and their evaluation according to the selected
time strategy. For HPP feasibility, the planning process is divided into the five following steps for calculating
NPV and IRR:

1st step — Identification of the problem: Definition of the problem.

2nd step — Determination of the goals: What goals are to be achieved? What is to be maximized and
minimized?

3rd step — Identification of the alternatives: What options are available?
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4th step — Evaluation of the alternatives: Evaluation of all the options on a sound basis.
Sth step — The final decision: Selection of the best alternative based on the results.

There are so many methodological difficulties in making the final decisions. It is not easy to make a decision
and choose the scenario which has information as to, for example, how big is the reservoir, how big is the net
head, turbine types, capacities, etc., but only one option, the best one, should be chosen. The optimization
procedure is applied to each scenario to reach the goal, which is to maximize the profit for each scenario and
to choose the best alternative. Table 2 represents the profit matrix of the strategies and incomes.

The goals of HPP owners:
+ profit maximization with reliability and sustainability;

» compliance with legislative, environmental, and technological restrictions;

Table 2

The matrix of income

Expected income by generated power

Strategies
P, P, P, .. P
1 11 TI 2 T23 tt Im
2 21 TZZ T23 e 2m
Sn Tnl TnZ Tn3 e nm

The mathematical statement of accumulation of profit Pj(t) (3.31) can be considered as the sum of two
processes depicting:

* income / (1) from produced energy that is sold to consumers;

* expenses E () that are necessary for energy production.

P](t) = In(t) - Ex(t) (3.31)

We can declare that:
* income is a function of produced energy p(?) and market prices c(?);
* expenses are a function of capital investment and expenses for power plant running assessment.

All the processes used in (3.30) should be considered random processes. The numerical characteristics of
such processes, particularly the average value, can be estimated based on the prediction of future processes.

The benefit of a supply of hydroelectricity is calculated by multiplying the quantity of electricity generated
by the price of electricity. Ecological limitations, changes in the water flow rate, and changes in the electricity
prices are also included in the equation. The data on the income from the sale of electricity collected and
compared based on published data from the Nord Pool market prices (Day-Ahead Prices, Nordpoolgroup,
2022) and the feed-in tariff, which gives average values of 4.5 Eurocent/kWh.

Let us formulate the problem of investment optimization as maximization of the profit over the planning
horizon. Annual profit estimation is calculated by the following formula:

8760
AP = Z (Al — E,) - max (3.32)
t=1
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Where;
AP — annual profit;
Al — annual income;

E — annual expenditure.

X

The objective of maximizing the expected profit Pj(t) of the SHPP can be defined as follows:

Expected income
f_/%
J.8760

/—/%
P = ij.cj —(K,.Inv+E ) =>max
j=1

Expenses

(3.33)

Where;

P produced power;

¢ - market price;

K, — the interest ratio;

Inv — investment amount;
E_— expenses;

J —length of the planning horizon in years.

The subjects are:
* the highest and lowest level in the reservoir at hour j;
 the limitation on the water flow through the turbines;

» ecological limitations; which is according to Turkish law, the amount of water released downstream
must be at least 10 % of the average flow of the last 10 years (Kog, 2018);

 electricity production at hour j, which is the maximum power level, and generators and turbines are
used when the efficiency rate is best;

* the value of the reservoir at the end of the optimization time is taken into account.

The maximization problem (3.32) must be solved by considering various financial, environmental,
technical, and legal constraints. The function (3.33) is usually non-linear and depends on uncertain or
random variables such as discount rate, electricity price, etc. The solution of the maximization problem by
function (3.33) which is generally nonlinear; can be performed by the Monte-Carlo presented in Figure 10.

Correction of Middle-term
. Extract water flow and . . s
START _ Choise of . c prices using optimization,
_ n=n+1 > prices from historical [—>] . c o
n=0 random day economical Distribution of
records . .
T prediction water resources
\'7
Daily profit
Short-term calculation Year! y
N profit
optimization for each .
calculation
year YES

NPV,IRR

Calculation

Figure 10. An algorithm based on the Monte-Carlo method to estimate the NPV of a HPP
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Annual income must be calculated for HPP feasibility studies. Therefore, it is analyzed of the time period
to have as small an error as possible. Firstly, the electricity market prices and water flow rate have to be
known; then, it can be performed short and medium-term generation optimization, which allows to calculate
annual profit. The Monte Carlo simulation serves to obtain a set of numerical results with a large number of
repetitive randomly selected inputs (days). (Dong et al., 2019). When the Monte-Carlo simulation runs are
performed by random values, we can analyze the percentage of error each duration outcome between 1 and
365 days. This will be shown graphically in Figure 21.

3.7. The model of the reservoirs

Let us consider water storage models which have to describe H as a function of /¥, and W, (see Figure 11)
namely; '

H[(Win — Wn), T] (3.34)
Where;
W. — water flow in the river;

W, — water discharge.

\ SHPP - ”’}’I — Discharge

Figure 11. A model of the water reservoir

It is obvious that function (3.34) is non-linear in the common case. Only in the case of a reservoir with
strongly vertical borders can this function be described by a linear function. Let us assume that such a
reservoir is modelled. Two parameters are needed for model identification —the surface of the reservoirs (S)
and the head of the reservoir (H,). In this case an expression can be written as follows:

T
H = Hy + (Wi — W) 'S (3.35)

where is the initial level of water (t=0)

Expression (3.35) can be used as the basis for the modelling of real-life reservoirs. For that, it is necessary
to divide the real reservoir into a sufficient number of parts (sub-reservoirs), which allows to use (3.35) with
acceptable accuracy. Let us assume that the length of the reservoir head is divided into n selections but T is short
enough for making an additional assumption as follows: during time T, the reservoir level does not exceed the
boundaries of the initial sub-reservoir. In this case, the algorithm shown below is obtained. (see Figure 12)

Let us note that the water flow includes two components, water discharge through the turbine(s) and
water consumed by the partners.

4. Examples and the Case Study

Goynuk Stream comes from a height of 2000 m in the mountains and is carried from 1700 m down
to the Karliova district of Turkey. In this mountainous region, both the treated water source itself and
the raw water source are under significant pressure that must be discharged at intervals, providing an
opportunity to generate energy. The powerhouse and the reservoir have been built on the Goynuk River
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H; 4

\

Choice of sub-reservoir
51 '-’«_: SI. i S?T.

v

Hi=Hiy + Wy —Wp)T/S;

/
H;

Figure 12. The algorithm of the water reservoir

in the city of Bingol, Eastern Turkey. The powerhouse started to produce electricity in September 2013.
The Francis-type turbines at the Saf powerhouse with 2 units of 8.4MW and a unit of 4.2MW power
capacity (50Hz). The length of the penstock is 810m. The capacity of the pool is 4605. The main data for
Saf HPP is given the yearly average inflow rate is 5.48m?5; the nominal capacity is 21MW; the head pond
is 130m; the maximum water level before the reservoir is 3m; the total efficiency factor of the system
set is 90% and the surface of the water in the reservoir is 40000 m?. Table 3 represents the technical
specifications of Saf HPP.

Table 3
Optimization limitations for Saf HPP

Restrictions Range

Power 0<P <21 MW
Water through the turbine 0<W<17.03
The water level in the reservoir Im<H<3m
Ecological water use limitation Max 90%
Reservoir level at the end of day Min 1 m

Within the feasibility phase, an economically and technically viable reservoir-type hydropower scheme
is developed. In the framework of the analysis, the potential schemes were technically evaluated, the
construction costs (Table 4) were estimated and the economic attractiveness was defined. The estimation
of the construction costs includes both non-contract costs and field costs. Non-contract costs are related to
engineering, environmental studies, site investigations, design, construction management, etc. Replacement,
maintenance, and operation costs are not taken into account in construction cost estimates.

Given 21MWh of installed power capacity and 40ha of water storage surface, the total real investment is
nearly 15000000€ for the Saf power plant. When the actual cost of the plant is known, it can be compared
using the methodology described in the literature (Fen et al., 2012; Kotchen et al., 2006; Tayefeh Hashemi
et al., 2020; Yildiz & Vrugt, 2019). Due to the different economic levels of North America and Turkey; the
price of expenses differs and calculation of the total cost of the power plant by (3.35) we received almost
three times bigger amount.
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Table 4

Estimation of the construction costs of Saf HPP

Type of work Cost Estimation
Civil works 35%
Penstock 20%
Turbine, generator, switchgear field 20%

Power transmission line 5%
Electromechanical installations 10%

Study, project, consultancy 3%
Expropriation 3%
Insurance expenses 2%
Unknown 2%

Total Cost 15.000.000€

The constraints for Saf HPP:

a) the volume of reservoir (4.1):
1 m<h{<3m

where /1 donates the water level; ¢ is the time and 7 is the reservoir.

b) the discharge (4.2) of water from the reservoir:

Qf min < QF < 17.03m3/s

Where QO and O are the lowest and highest amount of the water discharge, respectively.

¢) the capacity of energy generation (4.3) of the power plant:

0 < P} <21 MWh

where P donates the produced power.
d) the water balance equation (4.4) of the catchment:

The water flow rate (Q) through the turbine is a positive variable.
Ve = v+ (1f - 0f) At

where 7 donates the naturel inflow and V represents the storage.

¢) The limits of the reservoir (4.5, 4.6):

Hi,l = Hi,begin

Hi,25 = Hi,end =1m
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where i represents the index of the reservoir, H_, is the initial (starting point) level of the reservoir; H,

is the final (ending point) level of the reservoir; it is mandatory that it be minimum Im because of the fish
gate and ecological factors.

f) privatisation of water use rights in Turkey; the amount of water to be released downstream for the continuation of
the natural life will be at least 10% of the last ten-year average flow based on the project (4.7). If it is determined that
this amount will not be sufficient considering the ecological needs, the amount is increased. If there is less than 10%
of the average flow of the last ten years in the river, all of the water is left to the downstream for the continuation of
the natural life. The type and properties of the fish gates are assessed at a certain construction phase. (Kog, 2018)

If - 10% < Qf 4.7)
The flow duration curve (FDC) represents an important element of hydrology study, which is useful to define
different parameters of the hydropower scheme. This curve shows the proportion of time during which
the discharge equals or exceeds certain values for a design section of the river. The FDC characterizes the
relationship between the amount and frequency of daily, weekly, monthly (or other time interval) flows at
a particular station in any stream. All values of a series of flow records from a river determining station
(preferably no fewer than 15 years) are ordered from highest to lowest value the curves answer the question:
What amount of energy can be generated annually? Regularly, design discharges corresponding to 20% of the
time are proper as the design discharge (Kurigi et al., 2020). The FDC of the multi-year average daily discharges
of the Goynuk River is depicted in Figure 13. Following this data, exceeding the multi-year average annual
flow for 12% of the time during one year in the design segment equals 17.03 m?/s, this discharge provides full
power generation for 44 days throughout the year (see Figure 14). Based on this flow duration curve, different
discharges with different exceedance can be selected from a given hydrological series.

60
water discharge, Years

mn3fs — 1990

50 —1991
— 1992
40 —] 993
— 1994
30 4 1995
h e 1996
1997

1998

20

—].999

2000

time, %

0 F——r—————— T T —
u] S 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 85 90 895 100

10

Figure 13. FDC of multi-annual mean daily discharge

60 -
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10 m3/s 20%
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20
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time, %
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Figure 14. The average FDC for the years 1990-2000

413



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol 8, Issue 3, Pages: 391-428

The daily water flow rate of the observed discharge data is recorded by the Hydrology Department of the
National Environmental Agency of Turkey (DSG). The initial data contain 35-year of observations which
allow us to make reliable statistical analyses. Generally, minimal discharges are observed in the winter and
summer periods but overflow appears in springtimes. This data is used for a feasibility study which will
be explained in the next subchapter. According to the feasibility report of Saf HPP, the expected annual
average electricity production is 42.17 GWh (see Figure 15). The provided 40 years of data taken between
the years of 1965 — 2004 is used in the calculations.

~
<o

Annual produced power GWh
>
>
D>
>
D>
\

time, year

Figure 15. The Saf HPP annual average electricity production estimation

4.1. Application results and comparison of optimization methods

Deterministic models are systems in which there is no randomness in determining the future states of
the system. That is, for a well-modeled deterministic system, the system will always give the same result
under the same conditions and for the same initial states. On the other hand, Stochastic models contain
randomness. This randomness can be in system parameters, dynamics, inputs. Therefore, the output of the
system will have similar randomness. In such systems, the same results may not be obtained even if the
same experiment is repeated under the same conditions. Let’s compare the methods and generating tasks for
SHPP feasibility studies. The stochastic and deterministic tasks have common features:

* the main objective function can be formulated as profit maximization in both tasks;
* solutions must be made based on process estimation;

* in both cases, optimization procedures should be non-linear and capable of taking into account a large
number of decisions.

a) The result of deterministic method:

The operating method for Saf HPP, which takes into account the constant water flow and electricity price,
is shown in Figure 16. With the fixed-price operation, since it is not used in the optimization procedure
and the electricity price is fixed, the electricity producer can maximize the income by only increasing the
amount of energy produced.

Interpretations of the result obtained will be presented along with an analysis of the stochastic optimization
results in the upcoming sub-chapter.

b) The stochastic method:

For decision-making problems under uncertainty, stochastic programming provides a comprehensive
framework with the knowledge of stochastic processes that define uncertain parameters such as demand
growth. When the parameters of electricity prices with uncertainty and water inflow to reservoirs are defined
by stochastic processes, it is possible to formulate the uncertainty of these parameters as a mathematical
programming problem. In the stochastic programming model, if the values of the parameters contain
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Figure 16. The generation by a fixed price schedule

uncertainty, these parameters can be defined as distributions or multivariate stochastic processes. Thus, the
problem turns into an optimization problem in function spaces, and the decisions depend on the observed
values of these processes. Figure 17 shows the actual power produced for four consecutive days at Cobanli
HPP, where the production results are not optimal.
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Figure 17. Actual generation in the market conditions from 6 to 9 May (Coban et al., 2015)

The results obtained when electricity generation is optimized according to the market price chart are
presented in Figure 18. The SHPPs collect water from the reservoir when market prices are low and use
water when market prices are high. The results of the optimization show the similarity of 24-hour power
generation with more accurate regime planning to generate maximum revenue. The optimization model has
been implemented taking into account the current situation and can be applied to future storage capabilities,
which will be explained when discussing the feasibility study of Saf HPP in the next subsection.

As seen from the results, in Figure 18 that water is stored when the market prices are low and starts
production when the market price increases. If Cobanli HPP could operate at a fixed price during these four
days (06.-09.05.2013), the income was 2094690 Turkish Lira (TL). The real income of the power plant,
which is operated at market prices, was 236809 TL. However, according to the optimization model with
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Figure 18. Optimized electricity generation for Cobanlit HPP (6-9 May)

market price, the income reaches 246448 TL. The results allow it to be concluded that in the stochastic
case, the power generator provides an opportunity to maximize the amount of income under conditions of
limited resources. At the same time, the optimization procedure applied, namely the Quasi-Newton method,
succeeded in obtaining the global maximum of the objective function in all cases.
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4.2. Cost-benefit analysis for Saf HPP

Estimated costs and input parameters are depicted in Table 4, which summarizes the cost estimate of
various reservoir capacities for 21 MW, 35 MW, and 50 MW power capacities. The investigations have been
carried out based on the 17 m?, 28 m*/s and 35 m*/s discharges and the head of the pond is constant 130 m (see
Table 5). By calculating the profitability for each alternative, there is an opportunity to see if the current design
discharge of 17.03 m3/s and the capacity of 21 MW are an optimal choice.

Table 5
Cost estimation (M.Euro) for various design flows, including contingencies
Reservoir Capacity Power Capacity
200 ha 100 ha 40 ha
21,16 21,06 21,0 50 MW
18,16 18,06 18,0 35 MW
15,16 15,06 15,0 21 MW

Optimization was carried out at a pre-selected time for three different situations, taking into account the
initial and final conditions of the 360-hour period. In the reference case, the initial and final degree of
reservoir filling is equal (75%); in the second case, the reservoir level drops from 100% to 33%, and in
the third case the level increase from 33% to 100%. The second and third case cause 0.89% and 0.88%
respectively income change in 24-hour income. Therefore, it can be concluded that the initial and final state
of the reservoir in the medium-term horizon do not have a significant effect on profit. Consequently, all
other calculations have been made assuming the degree of reservoir level is 75% at both the beginning and
end of any 360-hour period. Figure 19 shows the advanced stochastic optimization method for Saf HPP,
which takes into account hourly water flow rates and market prices over 360 hours.

Income = 97962.0846[€]
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Figure 19. The results obtained from the developed optimization program

The optimization results of the developed algorithm allowed us to choose the best possible alternative for
Saf HPP. Finally, the NPV estimate is obtained by summing the discounted total annual revenue estimates.
If the NPV of the project is positive, the execution of the project is estimated to be efficient and the CBA
method suggests that the project is viable. It is assumed that the production period is 30 years, the total
efficiency of the hydroelectric power plant is 90%, the construction plant will last for 2 years, and the

annual standstill losses are 2 days, and various interest rates are applied.
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Following the existing regulations in Turkey to ensure environmental protection conditions downstream of the
intake site of Saf HPP, 10% of the mean annual water discharges shall be selected as the minimum ecological
discharges at the design section. The annual escalation rate of the energy price is assumed as 3%. Annual operation
and maintenance costs are usually quoted as a percentage of the current year’s income or the investment cost per
kW per year. Typical values range between 1% and 4%. The IEA assumes 2.2% for large-scale hydropower and
2.2% to 3% for small-scale projects, with around 2.5% a global average (Irena, 2012; WorldBankGroup, 2015).
In this study, it is assumed that annual fixed operating and maintenance costs constitute 3% of the total income.

The optimization model is implemented in MATLAB R2013a with solvers by the Quasi-Newton method in
a non-linear optimization procedure. Since the objective function is a non-linear constrained-bounded and
multivariable function employed “fmincon” (multidimensional constrained nonlinear minimization) (Singh &
Singal, 2018) to find the optimal solution. In optimization, the technical limitation of the turbine as well water
reservoir constraints are taken into account. Also, the Monte-Carlo method can be used to avoid difficulties.
A large number of trials leads to higher accuracy of calculations, while also increasing the computation time.
We ran several simulations per year using a different number of trials to find an appropriate number of Monte-
Carlo trials that did not significantly reduce the accuracy and also increase the computational load too much.
The reference case is 365 trials (days), and various simulations which are compared with the baseline to
determine the error. Figure 20 represents randomly chosen days in a year for Monte-Carlo trials.

Days of Random chosen days
360the year .0 *
320 @ o ¢ o o * ' o
. * "o o * e o
280 - ': . * * S, et .,
20 s % . R4 o
200 - ® o« o0° P%®e o . ®
160 - & ¢ * ¢ ®* ¢ ¢ .0
‘0 ¢ 2 € 4
120 % * * o ¢ *
80 . " 2 “: M * 4 ¢
% @ o 4, % * e
40 T N ® *® oo
0 T T T T T T T ‘ T T .\ T ’ \’ ‘\ 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130
Number of trials

Figure 20. Randomly chosen days in a year for Monte-Carlo trials

The program is run for a single dam operation. All calculations were performed using 2 cores on a Windows
PC with Intel 13 CPU processors, 2.53 GHz, 4 GB RAM, and Windows 7 operating system. As seen in
Figure 21 it is determined that 120 trials (days) were a sufficient number because it neither introduced a
very high estimation error (4.6%) nor required excessive computation time (computation time was 105
minutes). According to the results summarized in Figure 19; a possible improvement can be made by
introducing a more efficient algorithm with better performance for a large number of decision variables.
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Figure 21. The number of Monte-Carlo trials and calculation error

418



2022, Vol 8, Issue 3, Pages: 391-428

Journal of Advanced Research in Natural and Applied Sciences

The results of the IRR and NPV calculations for the 4%, 6%, and 8% interest rates (IR), as well as the
cost estimates for the various design flow values, including contingencies, are summarized in Table 6. It
is concluded that the best alternative is to choose the 6th one (A6) with a power capacity of 35 MW and a

reservoir capacity of 200 ha; The IRR is 15.5% and it takes 12 years to reach the breakeven point.

Table 6

Types of alternatives and the results of IRR and NPV for 30 years

.g Deterministic approach,  Stochastic approach, Stochastic approach,  Stochastic approach,
‘g 8% IR 4% IR 6% IR 8% IR
% NPV, € IRR, % NPV, € IRR, % NPV, € IRR,% NPV,€ IRR,%
Al 19684434 15.8 21825628 16.2 20587278 15.5 19291375 14.8
A2 19628359 15.8 23429968 16.7 22186664 16.0 20885577 153
A3 19534901 15.7 23434537 16.7 22182978 16.0 20873252 153
A4 21954523 15.4 25782054 16.2 24296034 15.5 22740950  14.8
A5 21898448 15.4 28024941 16.9 26533967 16.2 24973700 154
A6 21804990 15.3 28486431 17.0 26987201 16.3 25418295 15.5
A7 19150785 13.6 24057220 14.6 22323529 13.9 20509265 13.2
A8 19094710 13.6 25972403 15.2 24233758 145 22414310  13.7
A9 19001252 13.5 28075139 15.7 26328239 15.0 24500152 143

It is difficult to obtain precise results using the deterministic technique because it does not take into account
the uncertain and random variables. Figure 22 compares the highest incomes obtained by the stochastic and

the deterministic approach for a 30-year horizon.

35€
w
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2 254
5 25€ -
2
2 21.9
15€
5€ - time, years
5 0 5 10 15 20 25 30
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-15€
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Figure 22. A comparison of deterministic and stochastic approaches

4.3. The influence of reservoir capacity and discount rate on the profit

The construction of hydroelectric plants is a large-scale project that requires a long lead time for site
studies, environmental impact assessments, and hydrological studies. Generally, reservoirs are used for
water supply, irrigation, electricity generation, flood control, recreation. In order to maximize a reservoir’s
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usage of a river namely store as much as water, it is essential to prepare the plan that considers all aspects
as well as long-term prospects. It is natural that the way of building about the selection of dam sites differs
according to the purpose of the project. Figure 23 and Figure 24 verify that stored water in the reservoir
is released through the turbine and generates electricity during peak hours in other words when demand is
higher. The difference lies in installed power capacity and water storage capacity; Figure 23 represents a
reservoir of 40ha and at the end of the day the income is 6518€. Figure 24 represents a reservoir of 200ha
and the income is 6699 €; it means that this storage can accumulate a larger amount of water and transform
its potential energy into electrical energy during peak hours that increases flexible power generation and
maximizes the income.
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Figure 23. Generation for a 40-ha reservoir capacity
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Figure 24. Generation for a 200-ha reservoir capacity

It is assumed four different alternatives for the feasibility study; each of them has various designs which
correspond to small, medium, large, and dam-type reservoir capacity. Figure 25 represents the existing
reservoir for Saf HPP which has 3 m deep and 40 ha.

Let us consider a dam-type reservoir (see Figure 26) for Saf HPP with a length of 110 m and a depth of 20
m and a water storage area of 200 ha. It is assumed that the electricity producer is a market player and can
export electricity to the grid, the operation of the energy market is based on day-ahead rules, electricity
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Figure 25. Existing reservoir for Saf HPP (3 m deep-40 ha)

market prices are exogenous for the power producer, each day, the power producer participates in the day-
ahead market. For building, an optimization procedure is performed beforehand to maximize the profit, the
behaviour of other market players is neglected.

Figure 26. Dam-type reservoir for Saf HPP

A dam is an obstacle that holds back water; Dams are mainly used to divert, manage and/or prevent excess
water flow to certain areas. Dam-type reservoirs are built in a valley based on the natural topography to
provide most of the reservoir basin. Dams are often built downstream of a natural basin in a limited part of a
valley. The valley sides act as natural walls with the dam located at the narrowest practical point to ensure as
low construction cost as possible and as high efficiency as possible. The economic and technical parameters
for each alternative are summarized in Table 7.

The feasibility study is related to different numbers of alternatives, and each alternative is based on the
expected scenarios. It is underlined ones more that these extensive calculations can be simplified using the
Monte-Carlo method which offers average profit. In Turkey private companies get a license for 49 years
from the government and the feasibility study is done for 49 years (Ugiincii, 2018). Table 8 summarizes the
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Table 7
Economic and technical parameters of the power plants under the study

Alternative Cost estimation, €
Al 200 ha-21 MW - Dam 15.660.000

A2 200 ha - 21 MW 15.160.000

A3 100 ha - 21 MW 15.060.000

A4 40 ha - 21 MW 15.000.000

economic feasibility results for Saf HPP; the deterministic approach uses a discount rate of 7%, with an
annual interest rate of 6% for a 10-year payback time for each alternative, and the stochastic approach uses
three cases with discount rates of 3%, 5%, and 7%, respectively.

Table 8
IRR and NPV results for Saf HPP
0 Deterministic Stochastic Stochastic Stochastic .
= approach, approach (1), approach (2), approach (3), Stochastic
g 7% discount rate 3% discount rate 5% discount rate 7% discount rate ~approach (3, 2,
< NPV,€ IRR, % NPV, € 3) IRR, %
Al 24147161 1391 110484765 63344684 37647625 17.42
A2 24732171  14.26 106767761 61192738 36346641 17.36
A3 24849173  14.33 105420216 60379112 35824568 17.28
A4 24919374 1438 103154375 58966493 34879630 17.06

The discount rate has a reasonable effect on the NPV level. The NPVs of profit calculated at the 3% interest rate
is almost 3 times higher than the 7% discount rate. Figure 27 shows the NPV results for each reservoir model.
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Figure 27. NPV of different reservoirs and varying capital costs

As a conclusion, hydropower plant reservoirs can be created by controlling a water stream that drains an
existing body of water. In addition, a dam can be used in river valleys or a reservoir can be constructed by
building retaining walls and embankments, or by digging the ground. The results proved that for Saf HPP
located in a hilly area, it would be effective to construct a dam type reservoir to store more water to achieve
an income maximizing objective function. The discount rates also significantly influence the amount of
profit gained. Figure 28 represents the comparison of NPV calculations for various discount rates in the 4th
alternative.
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Figure 28. The effect of the interest rate on the investment

Discounted cash-flow analyses are instrumental in investment decision-making during the pre-feasibility
stages of the investment and since it is reasonable to formulate an investment strategy that should have
an application to the cash flow towards the risk management of the economic part of the investment.
The described approach can be easily extended to the more complicated case study, where maybe chosen
number and type of turbines, the head-ponds, the deepness of reservoir, and its capability.

To be able to solve the SHPP optimization task, it is necessary to take into account the specific structures
and parameters of the power plant and market price. The most widely used methodology (deterministic) of
feasibility studies is not useable in market conditions because it does not take into account hourly energy
prices and the flexibility of the power plants. The Monte-Carlo method is useful while analyzing income
and schedule. With the help of the Monte-Carlo analysis, the calculation of the long-term HPP income
planning can be solved. A cost-benefit analysis model has been expanded to cope with social, economic,
and environmental factors under uncertainty in order to appraise hydropower projects. In the application
to Saf HPP, various discount and interest rates of long-time preference, a positive NPV will likely be
obtained. The elaborated algorithm of the problem solution is based on the Quasi-Newton method. A solver
program in Matlab R2013a has been developed. The considered numerical examples show its efficiency.
Our experience shows that the program works well, and the received results are approved by the requester.
A discount and interest rate causes a considerable influence on the number of future benefits and costs.

5. Conclusions

The study discussed the application of the algorithm techniques to find the optimum operating policy
for reservoirs and the power plant. The stochastic approach results were compared with the traditional
deterministic programming. The optimization problem is formulated in a way that maximizes the total
energy income. However, there may be situations where the goal is the maximization of the energy
generation or achievement of multiple purposes such as supplying irrigation, flood mitigation, creating a
coalition with potential partners, or domestic water together with energy generation. The selection of the
optimization procedure is a complicated task. From many of the eventual algorithms, the Quasi-Newton
method is selected for further verification and applied for the solution of maximizing obtained profit at Saf
and Cobanli HPP. The developed models are tested by Nord-Pool electricity market prices and satisfactory
results are achieved. Comparing the NPV results from the deterministic and stochastic methods, results
with the stochastic methods are significantly more accurate than with the deterministic model. The
optimization results show that the proposed models perform very well in the absence of volatility. The
direction of this economic feasibility assessment is to analyze and determine opportunities for new small
hydropower development in Turkey and the developed model can be universally applied to other countries.
A CBA is a systematic evaluation of the disadvantages (costs) and economic advantages (benefits) of a
set of investment alternatives. The impacts of timing, discount, and interest rate represent a feature of
CBA that can significantly affect results. The output of the analysis consists of the NPV and the IRR.
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These parameters are used to assess the viability of the investment. Design, hydrology, and alternative
solutions have been analyzed and the results from the financial due diligence study indicate that the Saf
HPP project is financially viable given a 30-year concession period in an open market perspective. The
stochastic statement, which is a scientific and practical model that can be applied around the world and
has been successfully tested in the Turkish SHPP in terms of the country’s electricity sector, includes an
analysis of the potential benefits of generation companies, wholesalers, and investors.
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Oz — Cinko oksit (ZnO) temelli nano boyutlu pargaciklar, fotokatalitik etkileri, birim hacim basina ol-
dukga yiiksek olan yiizey alanlar ve foto-kararliliklarinin yani sira, biyolojik potansiyelleri nedeniyle de
Ozellikle son yillarda oldukga dikkat ¢ekmektedirler. Bu makalede, bakir asetat, ¢inko asetat ve mangan
asetat onciileri kullanilarak sol-jel yontemiyle sentezlenmis nano-boyutlu mangan katkili ginko-bakir
oksit nano-pargaciklarin (Zn,,, Mn Cu, O x=0.00,0.01,0.03, 0.05, 0.10), kristal &zellikleri, morfolo-
jik yapilar, fotokatalitik performanslari ve hemolitik 6zellikleri aragtirilmistir. Elde edilen sonuglar, yine
sol-jel yontemiyle sentezlenmis nano boyutlu ZnCuO pargaciklara ait bulgular ile kiyaslamali olarak
verilmistir. Orneklerin kristal yap1 6zellikleri ile yiizeylere ait morfolojik 6zellikler, sirastyla x-1smi ki-
rinim spektroskopisi (XRD) ve taramali elektron mikroskobu (SEM) kullanilarak incelenmistir. Yapisal
karakterizasyonlara ek olarak, Zn ., Mn Cu,, O nanopargaciklarin fotokatalitik 6zellikleri de model
organik molekiil olarak kristal viyole (crystal violet - CV) kullanilarak incelenmis, CV’nin fotokatalitik
bozunma siireci ultraviyole-goriiniir alan (UV-vis) spektroskopisi ile takip edilmistir. Ayrica, Zn ,, Mn_
Cu, ,,O nanopargaciklarin biyomedikal uygulamalar agisindan potansiyele sahip olup olmadiginin tespiti
amaciyla kan uyumlulugu testleri de gergeklestirilmistir. Sentezlenen numuneler igerisinde en yiiksek
fotokatalitik aktivite ve en yiiksek kan uyumlulugunun Zn,,,Mn Cu, O nanoparcaciklar tarafindan
gosterildigi tespit edilmistir. Zn, ,,Mn, Cu, ' O nanopargaciklar, 330 dakika sonunda CV baslangig mik-
tarinin %78.1°ini degrade ederken, ¢alisilan her iki konsantrasyonda (1.0 mg mL"' ve 5.0 mg mL") %5’in
altinda hemolize sebep olarak belirgin bir kan uyumlulugu géstermistir.
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Abstract — Zinc oxide (ZnO)-based nano-sized particles have attracted a lot of interest in recent years
due to their photoca-talytic effects, their relatively high surface/volume ratio and photo-stability, as well
as their biological potential. In this study, nano-sized manganese doped zinc-copper oxide nanoparticles
(Zn, 0 Mn Cu, O x=0.00,0.01,0.03, 0.05, 0.10) were synthesized by sol-gel method. Morphological
structures, photocatalytic performances and he-molytic properties of Zn ,, Mn Cu, O nanoparticles
synthesized by using copper, zinc and manganese acetates precursors were investigated. The obtained
results are given in comparison with the findings of nano-sized ZnCuO particles synthesized by the same
method. The crystal structure properties of the samples and the morphological properties of the surfaces
were investigated using x-ray diffraction spectroscopy (XRD) and scanning electron microscopy
(SEM), respectively. In addition to the structural characterizations, the photocatalytic properties of
Zn;, Mn Cu, O nanoparticles were also investigated using crystal violet (CV) as a model organic
molecule and the photocatalytic degradation process of CV had been followed by ultraviolet-visible
(UV-vis) spectroscopy. In addition, blood compatibility tests were carried out to determine whether
Zn,, Mn Cu; O nanoparticles have potential for biomedical applications. It was determined that the
highest photocatalytic activity and the highest blood compatibility among the synthesized samples were
shown by Zn;, Mn, ; Cu, ' O nanoparticles. It has been shown that Zn ,,Mn  .Cu, O degraded 78.1%
of the initial amount of CV after 330 minutes, and caused he-molysis below 5% at both nanoparticle

concentrations corresponding to a significant blood compatibility.
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1. Giris

Makro boyutlu malzemelerle karsilastirildiklarinda, nano malzemeler, herhangi bir kimyasal algilama
sistemi veya katalitik reaksiyonlarin temel alindig1 uygulamalar i¢in temel kriterler olan yiiksek ylizey/
hacim oranina ve uygulama alanina 6zel sekilde tasarlanabilen 6zelliklere sahiptirler. Cinko oksit (ZnO),
endiistri, bilim ve teknoloji gibi farkli alanlardaki uygulamalar1 nedeniyle biiyiik ilgi gérmekte olan bir yar1
iletkendir (Al-Buriahi vd., 2022). ZnO temelli nano malzemeler, sensorler, biyogoriintiileme sistemleri,
terapotik, fotokatalitik ve enerji donilisiim uygulamalart gibi birgok alan i¢in genis capta arastirilmaktadir
(Beitollahi vd., 2020, Li vd., 2020, Yi vd., 2020). ZnO nanoparg¢aciklarin sentezi ve karakterizasyonuna olan
ilgi 6zellikle son yirmi yilda olduke¢a artmis, ZnO ve tiirevlerinin farkli elektriksel ve optik 6zellikleri, ¢esitli
sentez yontemleri, cesitli reaksiyon dnciileri ve bilesimleri kullanilarak iyilestirilmeye ¢alisiimistir. ZnO
(3.3 eV), onemli sayida elektron boslugu olusturmasi nedeniyle atik sulardan tekstil boyalari ve antibiyotik
kalintilar1 gibi kirleticilerin giderilmesinde kullanilabilecek yiiksek potansiyelli bir malzeme olarak 6ne
cikmaktadir (Bopape vd., 2022, Islam vd., 2018). ZnO nanoparcaciklarin fotokatalitik 6zellik gosteren
diger malzemelere (TiO,, Fe,0,, WO, vb.) kiyasla en biiyiik avantaji par¢acik boyutunun yanisira, kristal
yapiya katkilanan AI**, Cd**, Cu*, Mn*", Ni** gibi ¢esitli metal iyonlar1 sayesinde ayarlanabilen bir bant
aralig1 degerine sahip olmasidir. Bu 6zellik ZnO tiirevi nanoyapilarin bir¢cok alanda kullanilabilir olmasini
saglar. Bunun yaninda, fotokatalitik 6zellikleri ve yar iletken davranisi da, ZnO’1 6zellikle antimikrobiyal
calismalari igeren biyolojik alanlarda, nano-antibiyotikler ve antikanser ilaglarin tasariminda ve yeni nesil
erken teshis ve tedavi siireglerinde kullanilabilecek potansiyel bir aday haline getirmektedir (Ahmad vd.
2022, Thirumoorthy vd., 2021, Carofiglio vd., 2020). Ote yandan, ZnO, kimyasal kararlilig1, genis bant
aralig1 ve belirgin elektron transfer hiz1 nedeniyle elektro-kimyasal algilama sistemlerinde de yaygin olarak
kullanilmaktadir (Sha vd., 2017a, Hasan ve Hussein, 2021).

ZnO’nun cevre dostu oOzellikleri ve n-tipi yari iletken yapisi, yiiksek 1sik duyarliligi, biyouyumluluk
ve kimyasal kararlilik gibi 6nemli 6zelliklerinin temelini olusturur (Li vd., 2022). Diger nano boyutlu
iletkenlerle karsilagtirildiginda, ZnO, oda sicakligindaki termal enerjiden (25 meV) yaklasik 2.4 kat daha
yiiksek olan 60 meV’lik eksiton baglanma enerjisi gosterir (Titov vd., 2019, Hou vd., 2022, Aggarwal vd.,
2018). Bu, ZnO nanoparcaciklar igin eksitonik gegisin oda sicakliginda da miimkiin oldugu anlamina gelir.
ZnO nanopargaciklar, UV 1s18a kars1 sagladiklar1 genis spektrumlu koruma nedeniyle giinesten koruyucu
iriinlerde de kullanilmaktadir (Lee vd., 2021). ZnO nanoparcaciklar, yiiksek yiizey alanlari, diistik
maliyetleri, 6nemli kimyasal kararliliklar1, antioksidan 6zellikleri ve fotokatalitik aktiviteleri nedeniyle,
kontrollii ilag salim sistemlerinde, biyosensorlerde, elektrokimyasal sensor uygulamalarinda ve atik su
arttiminda yliksek potansiyele sahip bir malzeme olarak ilgi ¢cekmektedir (Pillai vd., 2020, Jha ve Shimpi
2018, Sha vd., 2017b).

Bununla birlikte, ZnO nanoparcaciklar kismen genis bant aralig1 ve sinirh elektriksel 6zellikleri sebebiyle,
biyolojik ortamda sinirli fotostabilite gostermekte ve beklenmedik sitotoksik etkilere yol agcabilmektedirler.
ZnO nanopargaciklarin bu zayif yonlerinin iyilestirilebilmesi igin, genis spektrumlu katki maddeleri
kullanilarak, metal ya da ametal katkilamalar yapilmasi uygun ¢oziimlerden biri olarak goriinmektedir
(Reynolds ve Reynolds, 2014). “Katkilama” ifadesi kristal yap1 icerisine ZnO’nun her tiirlii fizikokimyasal
ozelligini degistirmek/gelistirmek icin kasith olarak safsizliklarin eklenmesi anlamina gelir. Bu safsizliklar,
katyonik ve anyonik yapida olabilen ve ZnO kristal yapisindaki sirasiyla Zn?>* ve O*’nin yerini alan
katkilamalardir. Katkilamanin tiirli ve miktari, 6zellikle ZnO kristal yapisina ilave edilen AI**, Cd*", Cu*,
Mn?*, Ni** gibi metal iyonlari, ZnO’nun fonksiyonel davranislari tizerinde dogrudan etkili olan elektronik
ozelliklerini kuvvetle etkiler (Ozcelik vd., 2021, Senol vd.. 2020, Zhou vd., 2018, Acharya vd.. 2012).
Katkilamalar, ZnO ve diger metal oksitlerin bant araligini, kristal yapisini, yilizey alanini, kristal boyutunu
ve morfolojisini de dnemli dl¢lide degistirir. Genel olarak, katkilamadan sonra bant araligindaki bir artis,
orijinal yapmin stabilitesinin artmasi, kimyasal aktivitenin azalmasi ve daha diisiik elektrik iletkenligi
anlamina gelirken, bant araligindaki bir azalma, yiiksek elektrik iletkenligi, iyilestirilmis fotokatalitik
ozellikler ve yiiksek miktarda reaktif oksijen tiirii olugturabilme gibi farkli malzeme &zelliklerinin elde
edilmesi anlamina gelmektedir (Khan vd., 2022, He vd., 2020).

Bu c¢alismada, Mn elementinin degisen oranlari (Zn ,, Mn Cu, O x=0.00, 0.01, 0.03, 0.05, 0.10)
katkilanarak, fotokatalitik ve biyolojik uygulamalar i¢in ZnCuO nanoparcaciklarin 6zellikleri iyilestirilmeye
caligilmigti. XRD ve SEM analizleri ile Zn ,, Mn Cu O nanopargaciklarin sirasiyla kristal yapi

430



2022, Cilt 8, Say1 3, Sayfa: 429-442 Journal of Advanced Research in Natural and Applied Sciences

ozellikleri ve yiizey morfolojileri incelenmistir. Zn ., Mn Cu O varliginda CV fotokatalitik bozunma
stireci ultraviyole-goriiniir alan (UV-vis) spektroskopisi ile takip edilmis ve nanoparcaciklarin fotokatalitik
aktiviteleri incelenmistir. Eritrosit hiicre zar1, biyolojik sistemi olusturan diger dokularin hiicre zarlariyla
benzer bir molekiiler organizasyon ilkesine dayandigindan, bu ¢alismada, Zn ,, Mn Cu O - eritrosit
etkilesimleri de incelenmis, Zn ,, Mn Cu O nanopargaciklarin biyomedikal uygulamalar agisindan

potansiyele sahip olup olmadiginin tespiti amaciyla kan uyumlulugu testleri gerceklestirilmistir.

2. Materyal ve Yontem
2.1. Kullamilan kimyasallar

Bu galigmada baglangi¢ maddeleri olarak analitik saflikta bakir asetat (Zn(CH,COO),, Merck), ¢inko
asetat dihidrat (Zn(CH,COO),.2H,O, Merck) ve mangan asetat tetrahidrat (Mn(CH,COO),"4H,0, (Alfa
Aesar) kullanilmigtir. Metanol (Merck) ve monoetanolamin (Merck) sirasiyla ¢6ziicli ve sol stabillestirici
olarak kullanilmigtir. Kan uyumlulugu testlerinde kullanilacak fosfat tampon ¢6zelti (Phosphate buffer
solution (PBS)) NaCl (8 g/L), KC1 (0.2 g/L), Na,HPO,.2H,0 (1.78 g/L) ve KH,PO, (0.24 g/L) kimyasallar1
kullanilarak pH 7.35 olacak sekilde hazirlanmistir. Hazirlanan PBS 1 atm basingta ve 121°C sicaklikta
15 dakika siireyle otokalavlanarak sterilize edilmistir. Zn ,, Mn Cu, O nanopargaciklarin fotokatalitik
ozellikleri, model organik molekiil olarak segilen CV’nin (C, H N,CIS-3H,0) nanopargaciklar varliginda
ilerleyen fotokatalitik bozunma tepkimeleri takip edilerek aydinlatilmistir. Tiim deneylerde, Human marka
Zeneer Powerl model saf su cihazindan saglanan destile deiyonize su kullanilmistir.

2.2.7Zn,,, Mn Cu, O nanoparcaciklarin sentezi

Zn,, Mn Cu O nanoparcaciklarin sol-jel yontemi ile sentezinde ilk adim, baslangi¢ maddeleri olarak
kullanilan bakir asetat, ¢inko asetat dihidrat ve mangan asetat tetrahidratin uygun tartimlarinin bir beher
icerisinde birlestirilmesidir. Yapilan tartimlar, nanoparcacik bilesimindeki her bir element i¢cin mol oranlari
dikkate alinarak hesaplanmigtir. Ardindan ¢dziicii olarak etanol ve sol sabitlestirici olarak monoetanolamin
ilave edilmistir. Hazirlanan ¢ozelti, parafilm ile kapatilmis beher igerisinde 8 saat boyunca oda sicakliginda
bir manyetik karistirict kullanilarak berrak bir ¢ozelti elde edilene kadar karistirilmis ve jel faz metanol
icerisinde hazir hale getirilmistir. Karistirma siiresi sonunda beherlerin tizeri agilmis ve yine oda sicakliginda
manyetik karistirma altinda ¢dziiciinlin uzaklasmasi saglanmistir. Bu adimin ardindan kuruluga ulasmis
olan jel faz, 400°C’da 10 dakika, ardindan 600°C’da 30 dakika siireyle kalsine edilmis ve kristal 6rgiliniin
olusumu tamamlanmastir.

0.01

2.3. Yapisal Analiz

Zn,,, Mn Cu, O nanoparcaciklarin kristal yap1 6zellikleri, XRD (PANalytical X’pert’) analizleri ile
aydimlatilmistir. Difraktometre, L = 1.5418 A dalga boylu CuKa radyasyonu kullanmakta olup, dl¢iimler
oda sicakliginda, 20 = 10° - 90° araliginda, 3° dk' tarama hiz1 ile ve 0.02° s hizla yapilmustir. Zn,

Mn Cu, O nanopargaciklarin yiizey morfolojileri SEM (JEOL, JSM-5910LV) ile incelenmistir.

2.4. Fotokatalitik aktivite olciimleri

ZnCuOveMnkatkiliZnCuO(Zn,,, Mn Cu O)nanoparcaciklarinfotokatalitik aktiviteleri,254nmdalga
boylu elektromanyetik radyasyon etkisi altinda model organik boya olarak CV kullanilarak arastirilmistir.
Y dntem, nanopargaciklarin ylizeyinde iiretilen reaktif oksijen tiirleri tarafindan CV’nin renksizlestirilmesine
dayanmaktadir. Nanopargacik dispersiyonlari ve CV ¢ozeltisinin konsantrasyonu sirastyla 1.0 mg mL™! ve
2.5 x 10°mol L' olarak belirlenmistir. ZnCuO ve Zn , Mn Cu , O nanopargaciklarinin uygun tartimlari
30 mL’lik CV ¢ozeltisine ilave edilmis, ardindan fotoreaksiyon karisimi karanlikta oda sicakliginda 30
dakika stirekli manyetik karistirma altinda tutularak yiizey adsorpsiyon-desorpsiyon dengesine getirilmistir.
Daha sonra nanopargacik dispersiyonlari, 254 nm dalga boyuna sahip 1s1k altinda siirekli karistirilarak
isinlanmistir. Isinlama, reaksiyon kaplarina 40 cm mesafede yatay olarak yerlestirilmis bir ¢ift UV lamba
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(her biri 45 W) kullanilarak gerceklestirilmistir. Fotokatalitik aktivite 6l¢iimleri sirasinda nanopargacik
dispersiyonlarinin sicakligi 25°C’da sabit tutulmustur.

Belirlenen zaman araliklarinda alinan, 1.75 mL’lik fotoreaksiyon c¢ozeltisi 6rnekleri asili kalan
nanoparcaciklarin ¢okmesini saglamak i¢in 4000 rpm’de 3 dakika santrifiijlenmistir. Ardindan slipernatantin
absorpsiyon spektrumu, Shimadzu UV mini 1240 UV-vis spektrofotometre kullanilarak Slctilmiis ve
fotobozunmaya ugramamis CV konsantrasyonu, 594 nm’deki karakteristik absorpsiyon maksimumu dikkate
alimarak ve CV i¢in 6nceden c¢izilmis kalibrasyon grafigi kullanilarak belirlenmistir. Tiim denemelerde
referans ¢ozelti olarak destile deiyonize su kullanilmustir.

CV’nin fotokatalitik bozunma kinetigi, birinci derece kinetik kullanilarak incelenmis ve bozunma
reaksiyonlari i¢in hiz sabitleri Esitlik 2.1 ile hesaplanmistir (Karthik vd., 2017).

In(C,/C) = kit 2.1)

Esitlik 2.1°de, C, ve C, sirastyla CV igin ylizey adsorpsiyon dengesi kurulduktan hemen sonra (t = 0
aninda) ve belirli bir fotodegradasyon siiresinin (t) sonunda ¢6zeltideki CV konsantrasyonu (mol L), k ise
fotokatalitik bozunma i¢in birinci dereceden hiz sabitidir (dak™).

2.5. Kan uyumlulugu él¢iimleri

Zn,, Mn Cu O nanopargaciklarinin kan uyumluluklari saglikli yetiskin goniilliilerden alman tam kan
ornekleri kullanilarak arastirilmigtir. Kan 6rnekleri 5 mL’lik tek kullanimlik siringa ile alinmis ve hemen
ardindan 0.108 mM sulu trisodyum sitrat ¢ozeltisi kullanilarak antikoagiile edilmistir. Kan: antikoagiilan
orani (9:1) olarak ayarlanmistir. Antikoagiile edilmis tam kan 6rnekleri, PBS ile seyreltilmis, ardindan
eritrositlerin kan plazmasindan ayrilmasi i¢in 4000 rpm’de 5 dakika santrifiijlenmistir. Stipernatantin
dekantasyonundan sonra, sediment olusturan eritrositler PBS kullanilarak 50 mL’ye seyreltilmis ve
eritrosit stok ¢ozelti hazir hale getirilmistir. Eritrosit stok ¢dzeltiden alinan uygun hacimler, 1.0 mg mL"!
ve 5.0 mg mL" konsantrasyonlarinda 5.0 mL hacimli Zn , Mn Cu , O nanoparcacik siispansiyonlari
ile karigtirllmistir. Nanopargacik-eritrosit dispersiyonlart manyetik karistirma altinda fizyolojik sicaklik
olan 37°C’de 3 saat inkiibe edildikten sonra, numuneler 3000 rpm’de 5 dakika santrifiijlenmis ve eritrosit
lizisinin bir sonucu olarak ortama salman hemoglobinin varligim gostermek iizere UV-goriiniir alan
spektrofotometre kullanilarak 200 nm - 800 nm arasinda siipernatant absorbanslari 6l¢iilmistiir. Tiim testler
iki tekrar olacak sekilde yapilmustir. Pozitif kontrol (%100 hemoliz) ve negatif kontrol (%0 hemoliz) testleri
sirastyla destile deiyonize su ve PBS kullanilarak gergeklestirilmiglerdir. Her bir Zn ,, Mn Cu, O bilesimi
i¢in hemoliz ylizdesi, Esitlik 2.2 ile verilen denklem kullanilarak 540 nm’de Slgiilen siipernatant absorbans

degerine (ABS) bagli olarak hesaplanmistir (Yalcin ve Erbil, 2018).

ABS

%Hemoll. _ ABS numune negatif kontrol (22)

pozitif kontrol - negatif kontrol

3. Bulgular ve Tartisma
3.1. Yapisal Ozellikler

Zn,,, Mn Cu O nanopargaciklarinin kristal yapi 6zelliklerini ve mevcut fazlarini aydinlatmak igin

XRD yontemi kullanismis, analizler 10° < 20 < 80° araliginda gergeklestirilmistir. Zn,,, Mn Cu O
(x=0.00, 0.01, 0.03, 0.05, 0.10) nanoparcaciklarinin XRD spektrumlar1 Sekil la’da gosterilmektedir.
XRD spektrumlari, altigen bir yapmin varligim gosteren ZnCuO kafesinin tiim karakteristik piklerini
gostermektedir (Shi vd., 2022). Wurtzite yapili Zn ,, Mn Cu, O i¢in karakteristik pik noktalari; 26 = 32°,
34°, 36°, 57° ve 63°°de ortaya ¢ikmis olup, (100), (002) (101) (1 10) ve (103) kirinim noktalarina kargilik
gelmektedir. Elde edilen bulgular JCPDS kart No.36-1451 ile uyumludur. Sekil 1, tiim Mn katki oranlari
icin tek fazl bir kristal 6rgii elde edilmis oldugunu gostermekte olup, MnO veya baska bir fazin varligini
gosteren ilave higbir pik gostermemektedir. Bulgular, Sekil 1b’de yapilan Rietveld analizleri ile elde edilen

sonuglarla uyumludur.
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Sekil 1. a) Zn,,, Mn Cu, O nanopargaciklari i¢in X-1in1 kirmim spektrumlari, b) Zn , Mn  Cu, O na-
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nopargcaciklar i¢in Rietveld analizi.

Zn, ., Mn Cu O kristal yapilari i¢in 6rgli parametreleri, a ve ¢, kirmim desenlerinden Esitlik 3.1 ve Esitlik

3.2 yardimiyla hesaplanmistir (Bilgili vd., 2019, Guler vd., 2019).

Aexp = dhkl (hz + kz + 12)1/2 (31)

1 4 (h?+k?+hk 12
Fr () e (3.2)
Zn,,, Mn Cu O nanopar¢aciklarmin ¢aplari (D), en yogun pikin (101) yar1 maksimumunda (full-width

099x 0.01

at half maximum - FWHM) tam genisligi dikkate alinarak ve Debye-Scherrer denklemi (Esitlik 3.3)
kullanilarak hesaplanmustir.

D = 0.94/Bcos0, (3.3)

Esitlik 3.3°de A, B ve 6, sirasiyla CuKa’nin X-1gm1 dalga boyu (1.5418 A), kirmim zirvesinin (101)
FWHM’si ve Bragg kirinim agisidir.

Ortalama partikiil boyutlarinin Mn katk1 oranma bagli degisimleri Tablo 1°de gdsterilmistir. Mn** (0.83 A)
katki elementinin Zn?* (0.60 A) ile kismen degistirilmesiyle yapisal bozulmanin ortaya ¢ikmadig1 ve artan Mn
katkilama oranlarinin (x=0.03-0.10) pargacik boyutlar1 ortalamalarinda azalmaya sebep oldugu goézlenmistir.
ZnCuO yapisina Mn katkilamasi, orgli parametresi a ilizerinde belirgin bir etki yaratmazken, ¢ degerlerinin
artan Mn katki orani ile ZnCuQO’ya kiyasla hafifce azaldigi gozlenmistir. Zn , Mn Cu, O nanopargaciklar
icin konsantrasyona bagli parcacik caplar (D), 6rgii parametreleri (a ve c), birim hiicre hacmi, dislokasyon
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yogunlugu (6) (numunedeki kusur miktari), yer degistirme faktorii (u) ve bag uzunlugu (L) Tablo 1’de
verilmistir. Tablo 1 i¢inde sunulan degerler, Sekil 1b’de verilen Rietveld analizi degerleri ile uyusmaktadir.

Tablo 1

Zn,, Mn Cu O nanoparcaciklar igin konsantrasyona bagli parcacik gaplari (D), orgii parametreleri (a
ve ¢), birim hiicre hacmi (V), dislokasyon yogunlugu (8), yer degistirme faktorii (u) ve bag uzunlugu (L)

degerleri.

Nanoparcacik a(d) ¢A) D@mm) V@mm’) J(nm)> u L (nm)
Zn,,Cu,, 0 3253 5210 3548 47731 0000637 03799 19793
Zn,Mn,,Cu, O 3245 5201 3805 47423 0000824 03797  1.9750
Zn,Mn,,Cu, O 3248 5203 3072 47525 0000835 03799  1.9765
Zn,Mn,, Cu, O 3245 5201 2873 47418 0001130 03797  1.9750
Zn, Mn, Cu, O 3247 5195 2688 47420 0001393 03802  1.9751

Sol-jel yontemiyle sentezlenmis Zn ., Mn Cu O nanopargaciklarin yiizey morfolojileri, SEM kullanilarak
incelenmistir. Sekil 2’de nanopargaciklarin kiire sekilli ve aglomere halde olduklar1 gozlenmektedir.

Sekil 2. Zn, o,
ZnOA96Mn0.03cu

Mn Cu,
O, (d) Zn,,,Mn, Cu

O nanopargaciklarin SEM goriintiileri, (a) Zn, ,,Cu,
O’ (e) ZnOA89Mn0.10CUOAOIO'

0, (b) Zn, ,Mn, , Cu, , O, (c)

0.01 0.01 0.01

0.01 0.01

3.2. Fotokataliz sonuclari

Oksidatif stresin cesitli biyolojik sistemler iizerinde olumsuz etkileri olmasina ragmen, metal oksit
parcaciklar1 tarafindan {iretilen reaktif oksijen tiirleri, boya, antibiyotik ve biyolojik atiklar gibi cesitli
kirleticileri fotokatalitik bozunma yoluyla ortamdan uzaklastirmak i¢in de kullanilabilir. Cesitli endiistriyel
atiklarin ve ozellikle tekstil boyalarmin dogal su kaynaklarina uygun olmayan sekilde desarj edilmesi,
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su kiitlelerinin kirlenmesine sebep olmaktadir. Organik boyalar, biyolojik olarak par¢calanmamalari
ve yiiksek kanserojen potansiyelleri nedeniyle insanlar, hayvanlar ve su ekosistemi i¢in biiylik tehdit
olusturmakta olup, baslica ¢evre kirleticileri olarak degerlendirilirler (Saleh ve Djaja, 2014, Balcha vd.,
2016). Bu ¢alismada model organik boya olarak secilen CV, diger bir¢ok organik boya gibi, mide-bagirsak
rahatsizliklari, hemoliz sonucu kansizlik ve daha birgok rahatsizliga neden olabilir (Balcha ve ark. 2016).
Ancak tekstil endiistrisinde 6zellikle boyama asamasinda CV kullanimi olduk¢a yaygindir. ZnO ve tiirevi
nano malzemeler, boyalar dahil organik maddelerle kirlenmis sularin aritilmasi i¢in uygun bir alternatif
malzeme olarak giderek daha fazla dikkat cekmektedir. Bunun nedeni, titanyum dioksit gibi diger yaygin
oksitlere kiyasla nispeten yiiksek ylizey alani ve kuantum verimi ile iyi foto aktivite ve fotoliiminesans
ozellikleri sergilemesidir (Bijang vd., 2022).

Literatiire sunulmus ¢esitli calismalar, metal oksit nanoparcaciklar tarafindan agiga ¢ikarilan reaktif oksijen
tiirlerinin kirlenmis su kaynaklarinda bulunabilecek hidrokarbonlar, boyalar ve farmasoétikler gibi organik
kirleticilerin bozunmasini saglayabilecegini ifade etmektedir (Rani ve Shanker, 2022, Murali vd., 2021,
Wolski vd., 2019). Ozellikle CV gibi organik kirleticiler, elektromanyetik radyasyon tarafindan tetiklenen
bir dizi redoks reaksiyonu nedeniyle esas olarak nanopartikiillerin yiizeyinde bozunur (Naik vd., 2018).
Boya molekiilleri fotokatalizorlerin yiizeyine adsorbe de edilebilir ve literatiir ¢aligmalarinin ¢ogunda
gercek boya konsantrasyonu, isinlama siiresinin baglangicinda ¢ozeltideki boya molekiillerinin denge
konsantrasyonuna esit olarak kabul edilir (Saravanan vd., 2013, Rao vd., 2009). Bu ¢alismada, CV’nin
ylizey adsorpsiyon/desorpsiyon dengesi saglandiktan sonra boya-nanopartikiil siispansiyonu 254 nm dalga
boylu 151k kullanilarak 1ginlanmistir. Baz1 CV molekiilleri nanopartikiillerin yiizeyine adsorbe edildiginden,
gercek CV konsantrasyonu, 1sinlama siiresinin baslangicinda ¢ozeltide CV’nin denge konsantrasyonuna
esit olarak kabul edilmistir (Shen vd., 2008).

/n MnXCu

099V, C 0{HC.) nanoparcaciklarin fotokatalitik 6zellikleri, CV’nin fotodegradasyon stirecinin takibi yoluyla
degerlendirilmistir. Zn

ooV Cu O nanopargaciklarin sulu bir siispansiyonundaki fotodegradasyona
ugramamig CV’nin UV-goriiniir alan spektrumunun zamana bagl degisimi, 0-330 dakika araliginda
590 nm’de karakteristik bant siddetinin azaldigim gostermektedir. 254 nm 1smlamanin etkisi altindaki bu
degisiklik, CV’nin Zn ,, Mn Cu, O nanopargaciklarin tarafindan basariyla fotodegradasyona ugratildigini
gosterir. Sekil 3a, Zn , Mn Cu, O varhginda, 0-330 dakika araligindaki CV foto-bozunma dinamigini
gostermektedir. Incelenen tim Zn_,, Mn Cu, O nanopargaciklarim birinci mertebe foto-bozunma kinetikleri
Sekil 3b’de gosterilmistir. Zn ,,Mn, Cu, O nanoparcaciklari, 330 dakikalik bir fotodegradasyon siiresi i¢in

0.0046 dak'"lik birinci dereceden hiz sabiti ile yiiksek bir fotodegradasyon verimliligi gostermistir.

Zn, ., Mn Cu O nanoparcaciklarinin fotokatalitik ozellikleri, CV’ye kars1 gosterdikleri dekolorizasyon

etkinlikleri takip edilerek incelenmistir (Esitlik 3.4) (Li vd., 2017).

Dekolorizasyon yiizdesi = ((C, — C)/C,)x100 (3.4

Esitlikte, C_ ve C sirasiyla 1isinlama dncesi CV konsantrasyonuna ve belirli bir 1sinlama stiresinden (t) sonra
CV konsantrasyonuna karsilik gelmektedir.

Zn, ., Mn Cu O nanopargaciklarinin zamana bagli dekolorizasyon etkinlikleri ve gram nanopargacik

basia uzaklagtirilan CV kiitlesi (mg) sirasiyla Sekil 4a ve Sekil 4b’de verilmistir. 330 dakika sonunda
Zn, , Mn  Cu O nanopargaciklarinin toplam CV’nin %78.1’ini parcalayabildigi gozlenmistir.

Metal oksit nanoparcaciklardan reaktif oksijen tiirlerinin olusumu oksidatif bir stire¢ olup, CV’nin de dahil
oldugu gesitli organik molekiillerin par¢alanmasina sebep olmaktadir. Zn ,, Mn Cu, O nanopargaciklar
varliginda CV’nin foto-bozunma siireci asagida belirtilen 3 temel basamaktan olusan mekanizmay1
takip eder. i1k basamak degerlik bandi elektronlarinin uyarilmasidir. Bu adimda, degerlik band1 (valence
band - vb) elektronlari, Zn ,, Mn Cu, O nanopargaciklarinin bant araliindan daha fazla enerjiye sahip
elektromanyetik radyasyon tarafindan foto-uyarilir. Elektronlar (e’), degerlik bandinda esit sayida elektron
boslugu birakarak bos bir iletkenlik bandina (conduction band - cb) go¢ eder (Esitlik 3.5).

Zn0.99-xMnyCuig 010 + hv = Zngg9_xMn,Cug10(eg,) + Zng 99—xMnyCuig 910 (hyy ) (3.5)
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Ikinci adim, malzemenin yiizeyine go¢ eden elektronlarm hidroksil (HO") ve siiperoksit (0O,7) gibi reaktif
oksijen tiirlerini olusturmak tizere HO", O, veya HO, ile reaksiyona girmesidir (Esitlikler 3.6-3.8).

Zng.99-xMn,Cug 010 (hy, ) + HO™ - HO” (3.6)
ZNg.99—xMn,Cuig 010 (eg,) + 0, = 03” (3.7
Znolgg_anxcuO.()lO(h;—b ) + H20 d H+ + HO* (38)

Bu adimda ortaya ¢ikan radikalleri, hidrojen peroksit (/,0,) ve hidroperoksil (HO)) radikalleri gibi
diger bazi reaktif ara iiriinlerin olusumu ile sonu¢lanan Esitlik 3.9 ve Esitlik 3.10 ile verilmis olan bazi
reaksiyonlara da katilabilir.

0;*+H* > HO; »—> H,0,+ 0, (3.9
H,0, + 05" = HO* + HO™ + 0, (3.10)
0.200

Zng.3sMno.05Cu0.010 0
e INg.3sMNg.05CU0.010 30

- ZNo.3sMno.05Cu0.010 90
0.150 Zno.3sMno.05Cuo.010 150
Zno.3:sMno.05Cug.010 210
E - ZNo.3sMno.05Cu0.010 330"
2
§ 0.100
2
<

0.050

0.000 e
400 450 500 550 600 650 700 750 800
Dalga boyu (nm)

~

1.6 y = 0.0046x + 0.0252
4 INo.s5Cuo.0i0 R?=0.9985 . e
5% |7 Zno.ssMno.onCio.0 T
% ’ ® 7ZNo.9sMno.03CU0.0:0 -
% ® Zno.9aMno.osCo.0sO .7
= 08 P
¢ INo.ssMno.1oClio.0iO .- L .
----- .
- ° A
04 | . -
it T
+
0 &=
o 50 100 150 200 250 300 350
Zaman (dk)

Sekil 3. (a) 254 nm 1ginlama altinda Zn ,, Mn Cu, O varliginda zamanin bir fonksiyonu olarak CV foto-
bozunmasini gosteren UV-goriiniir alan spektrumlari ve (b) Zn ;0 Mn Cu O nanoparcaciklari lizerinde

CV’nin fotokatalitik bozunmasi i¢in birinci mertebe bozunma kinetigi.

Ugiincii ve son basamakta organik molekiillerin reaktif oksijen tiirleri tarafindan H,0 ve CO, gibi daha az
zararli molekiillere fotokatalitik bozunmasi1 meydana gelir (Esitlik 3.11).

05;*,HO*,HO; + CV — CV fotokatalitik bozunma iiriinleri (CO, , H,0) (3.11)

Zn,, Mn Cu, O nanopargaciklarin 6zellikle x=0.03, 0.05 ve 0.10 Mn katkilama oranlarinda foto uyarilmis
elektronlarin degerlik bandindan iletim bandina gegisi yoluyla iretilen ve temelde ve radikallerinin
olusumuna kuvvetle baglh olan fotokatalitik aktivite sergiledigi belirlenmistir. Belirtilen Mn katkilama
oranlari i¢in 330 dakikalik 1s1nlama siiresi sonunda foto-bozunmaya ugrayan CV yiizdeleri sirasiyla, %48.7,
%78.1 ve %44.6’dir. Gram nano pargacik basina bozunan CV Kkiitlesi (mg), Zn ,,Mn  Cu O varhginda
gerceklesen foto-bozunma siirecinde 0.826 mg g! degerine kadar ulagmustir (Sekil 4b).
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Sekil 4. (a) Zn ,, Mn Cu O nanopargaciklarin zamana bagli dekolorizasyon etkinlikleri ve (b) gram

nanoparcacik basina uzaklagtirilan CV kiitlesinin zamana bagl degisimi.

3.3. Kan Uyumlulugu Sonuclari

Biyolojik uygulamalar i¢in kullanilmak {izere tasarlanan malzemeler, biyouyumluluklar1 agisindan iyi
tanimlanmalidir. Kan uyumlulugu testleri, sentetik bir malzeme ile canli dokular arasindaki biyouyumlulugun
degerlendirilmesi icin bilimsel olarak kabul gérmekte olan testlerdir (Markiewicz vd., 2016, Li vd., 2013).
Sentetik nano boyutlu malzemeler eritrosit yapisini etkileyebilir, fizyolojik fonksiyonlarini degistirebilir ve
hiicrelerin par¢alanmasina neden olabilir (Zhang, 2016). Hemotoksik 6zellikler, bu sentetik malzemelere
elementel diizeyde katkilamalar yapmak yoluyla ayarlanabilir, nanopargacik kaynakli hemoliz azaltilabilir
ve biyouyumluluk arttirilabilir.

Bu c¢alismada, Zn ,, Mn Cu, O nanopargaciklarin eritrositler lizerindeki etkilerini incelemek igin
hemolitik aktivite testleri yapilmistir. Saglikli insan eritrositleri iki farkli konsantrasyonda (1.0mg mL
ve 5.0mg mL") Zn ,, Mn Cu, O nanopargaciklarina maruz birakilmis ve nanopargacik kaynakli hemoliz
oranlar1 belirlenmistir.

Zn,,, Mn Cu O nanopargaciklari ile muamele edilmis eritrosit slispansiyonlarmin UV-goriiniir alan
stipernatant spektrumlar1 ve hemoliz oranlart sirastyla Sekil Sa ve Sekil Sb’de verilmistir. Oksihemoglobin
icin 418 nm’de gdzlenen soret bant ile 540 nm ve 577 nm’de gozlenen Q bantlarinda gozlenen intensite
artis1 nanoparcaciklarin sebep oldugu hemolizin spektral gostergesi olarak izlenmistir. Deney sonuglarina
gore 37°C’da 3 saat inkiibasyona tabi tutulan eritrositler, 1.0 mg mL" Zn , Mn Cu, O konsantrasyonunda
nanopargaciklarm etkisiyle farkli yiizdelerde hafif¢e hemolize ugramislardir (Sekil Sb). Zn, ,, Mn Cu, O,
tiim Mn katki oranlari i¢in 1.0 mg mL"! nanopargacik konsantrasyonunda diisiik in vitro toksisite ve ihmal
edilebilir hemolitik aktivite gostergesi olarak kabul edilen %5°ten daha diisiik hemoliz oranlar1 gézlenmistir
(Kokilavd., 2022). Zn , Mn Cu, O heriki konsantrasyonda da %5 in altinda hemolize sebep olarak belirgin
bir kan uyumlulugu gésterirken, x=0.01, 0.03 ve 0.10 Mn katki oranlariyla sentezlenen nanopargaciklarda 1.0

mg mL"! konsantrasyonda sirastyla %16.2, %8.5 ve %14.6 oranlarinda hemoliz ortaya ¢ikmustir.
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Sekil 5. (a) Tek bagma PBS (negatif kontrol) ve 5.0mg ml' konsantrasyonlarda Zn , Mn Cu O
nanopargcaciklari ile muamele edilmis eritrosit siispansiyonlarinin UV-goriiniir alan siipernatant spektrumlari.
(b) Zn,,, Mn Cu, O nanopargaciklarn 1.0mg ml" ve 5.0mg ml"' konsantrasyonlarda yarattiklar1 hemoliz
ylizdeleri.

Yiiksek nanopargacik konsantrasyonunda ortaya ¢ikan daha belirgin hemolitik etki baslica, nanopargaciklar
tarafindan olusturulan reaktif oksijen tiirlerinin daha baskin hale gelmis oksidan etkilerinden ve nanopargaciklar
ile eritrosit hiicre duvari arasindaki daha yogun hale gelmis etkilesimlerden kaynaklanmaktadir. Eritrosit hiicre
zar1, temel olarak lipid ve protein kisimlarinin hemen hemen ayni konsantrasyonlarini tastyan bir fosfolipid
cift tabakasindan olugsan kompozit bir yapidir (Cho vd., 2019, Sathi vd., 2014). Nanopargaciklar, eritrosit
hiicre zarindaki proteinleri etkisiz hale getirerek hiicre 6liimiine neden olur. Nanoparcaciklar, basta sistein gibi
stlfidril (-SH) gruplarini tasiyanlar olmak iizere membran yapisindaki proteinlerle etkileserek R-S-(Cu)**-S-R
kompleksleri olustururlar. Bu etkilesimler, eritrosit membran gegirgenligini azaltir ve nihayetinde eritrosit
hiicre duvarinin pargalanmasina neden olur (Tkachenko vd., 2020, Azzam ve Zaki, 2016).

Bu ¢aligmadan elde edilen hemolitik aktivite deney sonuglari, tim Mn katki oranlari i¢in, Zn, ,, Mn Cu O
nanopargaciklarin 1.0mg ml' konsantrasyonda ZnCuQO’ya kiyasla hafifce yiiksek olmakla birlikte, kan
uyumlulugu sinirlar igerisinde kabul edilen %S5 altinda hemoliz oranlarina sebep oldugunu gostermistir.

4. Sonuc ve Oneriler

Bu galigmada, farkli oranlarda mangan katkilanmig nano-boyutlu ¢inko-bakir oksit (Zn ,, Mn Cu ;O
x=0.00, 0.01, 0.03, 0.05, 0.10) sol-jel yontemiyle sentezlenmis, bu yeni malzeme kristal 6zellikler, yiizey
morfolojisi, fotokatalitik performans ve kan uyumlulugu bakimindan arastirilmistir. Bulgular, ayni
yontemle sentezlenmis nano boyutlu ZnCuO pargaciklarla kiyaslamali olarak verilmistir. XRD analizleri,
tek fazli ve Wurtzite yapinin varligimi1 géstermis olup, nanoparcaciklarin Mn katki oranina gore degisen
ve 26.88 nm-35.48 nm araliginda olan ortalama ¢ap degerlerine sahip olduklari tespit edilmistir. Zn,,
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Mn Cu, ;O nanopargaciklarin fotokatalitik performanslart CV foto-bozunma siireci UV-gériiniir alan
spektroskopisiyle takip edilerek incelenmis ve sentezlenen numuneler icerisinde en yiiksek fotokatalitik
aktivitenin Zn ,Mn  Cu, O nanopar¢aciklar tarafindan gosterildigi tespit edilmistir. Zn ,Mn . Cu O
nanoparcaciklar, 330 dakikalik 1gmlama siiresi sonunda CV baslangic miktarinin %78.1’ini degrade
ederken Zn ,Mn, Cu O ve Zn Mn  Cu O nanoparcaciklarda bu oran sirasiyla %48.7 ve %44.6

olmustur. Zn ,,Mn, Cu O nanoparcaciklari, 330 dakikalik bir fotodegradasyon siiresi igin 0.0046 dak
’lik birinci dereceden hiz sabiti ile yiiksek bir fotodegradasyon verimliligi gostermis, gram nano pargacik
bagina bozunan CV Kkiitlesi (mg), Zn ,Mn  Cu O varliginda gergeklesen foto-bozunma siirecinde

0.826 mg g degerine ulasmistir. iki farkh Zn,,, Mn Cu O nanopargacik konsantrasyonunda (1.0mg
ml' ve 5.0mg ml') gerceklestirilen kan uyumlulugu testleri ile, numunelerin Mn katki orani ile degisen
ve nanoparcacik konsantrasyonuna bagli olan hemolitik aktiviteler gosterdikleri belirlenmistir. Zn
Mn Cu, O nanoparcaciklarin tamami 1.0 mg ml"' konsantrasyonda diisiik in vitro toksisite ve potansiyel
biyouyumluluk gostergesi olarak %35’ten daha diistik hemoliz oranlari gostermistir. Zn ,Mn  Cu O
her iki konsantrasyonda da %5’in altinda hemolize sebep olarak belirgin bir kan uyumlulugu gosterirken,
x=0.01, 0.03 ve 0.10 Mn katki oranlariyla sentezlenen nanopargaciklarda 1.0 mg ml"' konsantrasyonda
sirastyla %16.2, %8.5 ve %14.6 oranlarinda hemoliz gozlenmistir. Sonug olarak, Zn ., Mn Cu O
nanoparcaciklar icin hem fotokatalitik 6zellikler hem de kan uyumluluklart bakimindan optimum Mn
katki oran1 x=0.05 olarak tespit edilmistir. Bu ¢alismanin, ileri arastirmalar ve modifikasyonlar ile gelismis
biyouyumluluk ve yeterli yapisal 6zelliklere sahip nano boyutlu metal oksitlerin gelistirilmesine dnciilitk

etmesi umit edilmektedir.
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Oz — “Denizel Cevre”, kapsanu icerisindeki degiskenlerin dinamik yapist dolayistyla, sorumlu makam-
lar tarafindan siiratli ve etkin kararlar alinmasi gerekli bir sahadir. Denizde meydana gelebilecek bir kaza
sonrasl, deniz durumu, akint1 ve riizgar, gemi trafigi, kirlilik yaratan yakitin hareketleri vb. degiskenler
nedeniyle dogru ve zamaninda tedbirlerle miidahale gerekmekte, aksi durumda ortaya ¢ikacak can ve
mal kayiplarimin boyutu artmaktadir. Kiiresel ¢capta hacmi artan lojistik ve tasimacilik sektorii igerisinde
deniz tagimaciliginin artan pay1, denizlerdeki gemi trafigini de artirmistir. Artan trafik, her ne kadar say1-
ca azalmig gibi goriinse de kazalar1 da beraberinde getirmis, kazaya sebep olan gemilerin biiylikligii ise
ortaya ¢ikan can ve mal kayiplari ile ¢evre kirliliginin boyutlarmi da artirmistir. Denizel ¢evrenin yapist
iilkelerin biiyiik boyutta deniz kazalarina tek baslarina miidahale etmelerini imkansiz kilmis, bu kap-
samda bilginin ve teknik imkan kabiliyetlerin {ilkeler arasi paylasimi ile koordineli miidahalede plan ve
organizasyon yapisina yonelik 2000°1i yillarin bagindan itibaren bir dizi uluslararasi s6zlesme yiirtirliige
sokulmustur. Denizde olusan bu olaylara miidahalede kararlarin siirat ve etkinligi, degiskenlerin gercek
zamanli tiretimi ve paydaglar arasinda akigini saglayacak kapsamli bir mekanizmay1 gerektirmektedir.
Bu ¢aligma; Tiirkiye nin denizel ¢cevresinin yonetiminden sorumlu makamlarin ger¢ek zamanl entegras-
yon ve bilgi paylagimi saglayacak bir karar destek sistemi ongérmektedir. Bu maksatla, siire¢ icerindeki
paydaslar ve degiskenler ile bunlarin nasil bir organizasyonda entegre edilebilecegi ortaya konmustur.
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1. Giris

20’nci ylizyilin ikinci yarist ile bu yiizyilin baglangicindan itibaren meydan gelen biiyiik ¢capli deniz kazalar
beraberinde, bazilarinda geri dondiiriilemez 6lgekte olmak iizere, felaket boyutunda ¢evre kirlilikleri yaratmustir.
Torrey Canyon-1967, Amoco Cadiz-1976, Independenta-1979, Exxon Valdez-1989, Sea Empress-1996,
Erika-1999, Prestige-2002, Tasman Spirit-2003 kazalar1 bu konudaki 6rnekler olup, meydana gelen can ve mal
kayiplar ile deniz kirliliginin yarattig1 ekolojik denge bozukluklari bir dizi 6nlemin alinmasini gerekli kilmistir.

Kirliligi meydana getiren kimyasallarin hava ve deniz suyuyla etkilesimi neticesinde yapilarinda degisiklik
meydana gelmekte ve dogal dagilma, batma, ¢okme, buharlagsma vb. farkli davranig bigimleri ortaya ¢ikmaktadir
(Fingas, 2014). Kimyasallarin yapilarinda meydana gelen bu degisiklikler, zaman gegtik¢e miidahaleyi daha da
giiclestirmektedir. Bu kapsamda kirleten maddelerin bertarafina yonelik miidahale siiresinin kisaligi, ekolojik
dengeye verilen zararin asgari seviyede tutulmasi i¢in hayati 6nem tagimaktadir. Su ana kadar meydana gelen
deniz kirliliklerinden ¢ikartilan dersler 1s1ginda; benzer olaylarin olugmasini 6nlemek, olustuktan sonra ise
etkin ve siiratli miidahale etmek tizere kirliligin olas1 hareketlerini dngdrecek yayilim modellemeleri, kontrol,
degerlendirme ve karar destek sistemleri gibi teknolojik imkanlar gelistirilmistir. Bu teknolojik imkanlarm karar
stireglerine etkisini ortaya koymak iizere daha dnce yapilmis ¢alismalar incelenmistir: Garello ve Kerbaol (2017)
yaptiklari ¢alismada, denizdeki yakit kirliliginin tespiti, izlenmesi ve etkin bir miidahalenin saglanabilmesi
icin, kirlilige sebep olan kaynagin tespit ve teshisinin elzem oldugunu vurgulamis, bu amagla sinerjik yaklagim
metodunu kullanarak, radar ve uydu goriintiilerini meteorolojik, osinografik veriler ile Otomatik Tanimlama
Sistemi (OTS) vb. teshis sistemlerinden saglanan bilgiler ile birlestirmislerdir. A¢ik denizlerden elde edilen akinti,
sicaklik, tuzluluk gibi degerlerin kirlilik yayilma modellerinin i¢ine direk ya da hidrodinamik modellemeler
vasitasiyla sokulmasina yonelik 6rnekler sunan Hackett, Comerma, Daniel ve Ichikawa (2009), bu degerlerin
toplanmasi ve iglenmesinde kiire-sel ¢apta rol oynayan “Global Ocean Data Assimilation Experiment (GODAE)”
verilerinin yayilim mo-dellerinin tahmin dogrulugunu artirdigin1 vurgulamistir. Bukin, Proschenko, Chekhlenok
ve Korovets-kiy (2019), denizel ¢evre ekosistemlerinin insansiz hava araclar1 vasitasiyla gozetlenmesinde yeni
teknolojilerin uygulama sonuglarini sunmusglardir. Bu kapsamda yakat kirliliklerinin tespitinde, yapay zekanin
kullamldig1 yazilim-donanim komplekslerini agiklamis, kirliligin teshisinde kullandiklar1 Laser Endiiklii
Floresan-Laser Induced Fluorescence (LIF) metodu ile yukarn yonlii “Solar Radyasyon Spektrum Kaydi”
metotlarmin laboratuvar sonuglarini ortaya koymuslardir. Tek parametre hesaplamali modelden ii¢ boyutlu
niimerik hesaplamali kompleks sistemlere varan degiskenlikteki onsekiz adet deniz kirliligi yayilim modelinin
incelendigi Keramea, Spanoudaki, Zodiatis, Gikas ve Sylaios (2021)’in ¢aligmasinda, bu simiilasyonlarin; yakitin
fiziksel degisimleri, deniz yiizeyinden deniz dibine kadar olan yer ve miktar degisimleri, ortam degiskenlerinin
gercek zamanh girdileri ve yayilim tahminlerinin dogrulugu agisindan yeterlilik ve etkinlikleri incelenmistir. Bu
kapsamda yeni jenerasyon modellerin &zellikle kirlilige miidahalenin gergek zamanl simiilasyonunda eksiklik
icerdigi vurgulanmustir. Perkovic ve Sitkov (2008) ise ¢aligmalarinda, bir deniz kirliligi yayilim ve miidahale
simiilatorii olan “Potential Incident Simulation, Control and Evaluation System — PISCES”1n, denizel ¢evreye
ait diger tiim dinamikleri monite eden sistemler ile entegrasyonu ve karar destek sistemi olarak kullanimini
tanitmustir. Ye, Chen, Li, Jing, ve Zeng (2019) calismalarinda, deniz kirliligine miidahale cihazlarmin tahsisi
ve siire¢ kontroliinde karar verme siirecini desteklemek i¢in entegre simiilasyon tabanli ¢oklu pargacik siiriisii
optimizasyonu (multi-agent particle swarm optimization-SA-PSO) yaklasgimini Onermistir. Bahse konu
simiilasyonda ilk olarak deniz kirliliginin yayilimi1 modellenmis, daha sonra bu kirlilige asgari maliyet ve zamanla
miidahale edebilmeye yonelik olarak araglarin en etkin tahsis ve kullanimi saglanmustir. Deniz kirliliginin
yayilim1 ve miidahaledeki bilimsel ilerlemelerin, mevcut zorluklarn ve gelecege yonelik 6ngoriilerin kapsaml
bir sentezini sunan Barker vd. (2020) yakit yayilim tahminlerinin dogrulugunu artirmaya yonelik olarak okyanus
akmtilar ve yakit yayilim modellemeleri {izerinde ¢alismiglardir. Calisma, uluslararas1 miidahale merkezlerinin
uygulamalari, kesif ve gozetleme ihtiyaglari, yeni yontemler ile organizasyon protokolleri lizerine yogunlagmistir.
Amir-Heidari vd. (2019) ise ¢aligmalarinda, gemi batiklarindan kaynaklanan yakit sizintilarmin olasilik esasl ve
alansal risk degerlendirmesini yapmislar, risk degerlerini etkileyen faktorleri icerecek sekilde yapisal yeni bir
model kullanmislardir Mohammadiun vd. (2021). deniz kirliligi ile miicadele yonetimine iliskin sayisal nitelikli
caligmalart derlemis, kirliligin tespiti ile sonrasindaki miidahale esaslarmin optimizasyonu seklinde iki boliime
aywrdiklan ¢aligmalarinin sonucunda sayisal tekniklerdeki potansiyel hatalar tespit etmis ve etkin bir miicadele
yonetimi i¢in kendi biitlinciil sayisal tabanli modellerini ortaya koymuslardir.

Konuyla alakali literatiiriin taranmasi neticesinde, deniz kirliligini tespit ve teshis etme yontemleri ile deniz
kirliligi yayilim1 ve bu kirlilige miidahale simiilasyonlar1 incelenmis olmakla birlikte, denizde meydana
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gelebilecek bir olayda, bu simiilatorlerin bir karar destek sistemi seklinde kullanimina yonelik ¢alismalarin
olmadig1, Tiirkiye’nin kendi dinamikleri ¢ercevesinde boyle bir sistemin nasil bir organizasyon dahilinde
olusturulabileceginin ele alinmadig1 tespit edilmistir.

Gecmiste yasanan biiylik ¢apli deniz kazalar1 ve akabinde olusan deniz kirlilikleri, 6zellikle 1989 yilinda
Alaska Korfezi’nde meydana gelen Exxon Valdez kazasi, gelistirilen bu teknolojik imkanlarin, devletlerin tek
basina cabasiyla degil, diger devletlerle koordinasyon ve kabiliyetlerin karsilikli paylasimi sonucunda etkin
olabilecegini gostermistir. Ulkelerin, kirliligin tespiti, takibi ve miidahaleyi en kisa zamanda gerceklestirmek
iizere olusturdugu kontrol, degerlendirme ve karar sistemleri bolgesel boyutta diger iilkelerin imkanlartyla
da entegre edilmistir. Ornegin Avrupa Deniz Emniyeti Ajans1 (EMSA) ve Avrupa Birligi Sivil Korunma
Mekanizmasi {iye devletlerin deniz c¢evresinin giivenligine yonelik imkanlarinin ortak alanda toplanmasini
ve cabalarin koordinesini saglamak maksadiyla Acil Durum Miidahale Koordinasyon Merkezi (Emergency
Response Coordination Centre-ERCC)’ni kurmus, bu ¢at1 altinda yer alan tiim unsurlarin bilgi paylagimini ise
Ortak Acil Durum Haberlesme ve Bilgi Sistemi (Common Emergency Communication and Information System,
CECIS) vasitasiyla saglamistir (AFAD, 2014). Bu gibi bilgi paylasim ve koordinasyon organizasyonlarmin
temelini ise lilkelerin gerek bireysel gerekse bolgesel igbirlikleri vasitastyla olusturduklari denizde acil durum
simiilasyon ve karar destek sistemleri olugturmaktadir.

Karar destek sistemleri deniz kazalar1 sonrasinda arama kurtarma ve kirlilige miidahale operasyonlarinda karar
vericilere, deniz ve hava alan1 degiskenlerinin stirekli giincel tutulmasiyla modelledikleri olay sahasi resmini
sunabilmektedir. Bu modellerin girdilerini teskil eden degiskenler ise; kirlilige sebep olan yakitin buharlagma,
yayilma, dogal pargalanma, viskozite degisimi ile olay sahasi hava durumu, deniz durumu, yiizey akintisi
sahanin sahil yapisi, derinligi, ekolojik hassas alanlari, miidahale ekipmanlart vb. degerler olabilmektedir
(Delgado, Kumzerova ve Martynov, 2006). Bu degiskenler igerisinde, meteorolojik sartlar, yiizey akintisi,
deniz durumu, olay sahasindaki diger gemiler vb. dinamik olanlarinin sistemlere gergek zamanli olarak
girdilerinin saglanabilmesi, kararlarin etkin ve siiratli verilebilmesinde hayati rol oynamaktadir. Bu kapsamda
bahse konu degiskenleri tespit eden, isleyen, depolayan kurum ve kuruluslarin sistemlerinin ger¢ek zamanl ve
7/24 olacak sekilde denizde acil durum karar destek sistemlerine entegrasyonlar1 da elzem hale gelmektedir.

2. Materyal ve Yontem
2.1. Arastirmanin Amaci

Bu ¢alismanin amaci; Tiirkiye’nin deniz kirliligi acil durum karar destek sistemine yonelik, karar
vericilere gercek zamanli olay sahasi resmini saglayacak ag merkezli bir organizasyon yapisi hakkinda
perspektif sunmaktir. Ortaya konulan bu organizasyon yapisi sayesinde Tiirkiye’nin deniz ¢evresinde
meydana gelebilecek herhangi bir olayda, halihazirda birbirinden bagimsiz vaziyette bulunan karar verici
makamlarin biitiinlesik bir yap1 igerisinde ayni deniz resmine sahip olmalart saglanmaktadir. Bununla
birlikte ¢calisma, konuya yonelik yeni ve yaratici bir bakis agis1 sunmasi agisindan énem arz etmektedir.

2.2. Arastirmada Kullanilan Yontem

Bu aragtirmada, konu ile ilgili literatiir taramasi yapilarak deniz kirliligi yayilim modellemeleri ile
Tiirkiye’nin deniz kazalarina miidahale organizasyonu ve sorumlu makamlar hakkinda bilgi toplanmistir.
Kalitatif nitelikte olan bu ¢alisma kaynak tarama yontemi kullanilarak yapilmistir. Bu kapsamda perspektifi
sunulan Tirkiye’nin denizel ¢evre yonetimi karar destek sistemine veri saglayacak kurumlarin kabiliyetleri
incelenmis, sistem entegrasyonlarinin mevcut durumu ortaya konmus, etkinligi artiracak bir organizasyona
yonelik teklifte bulunulmustur.

3. Bulgular ve Tartisma
3.1. Denizel Cevre Yonetimi ve Karar Siireci

Denizel ¢evre kirliligi ile miicadelede karar mekanizmasi incelenmeden 6nce buna kaynak teskil eden
denizel c¢evrenin kapsaminin belirlenmesi gerekmektedir. Uluslararast mevzuat incelendiginde denizel
cevrenin kapsami belirlenmemis olmakla birlikte Birlesmis Milletler Ugiincii Deniz Hukuku Konferansinda
tilkelerin bu konudaki 6nerileri ¢alismalara temel teskil edebilmektedir. Buna gore; “Deniz ¢evresi, deniz
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ylizeyi, iizerindeki hava, altindaki su kolonu ve igindeki ona bagli biyosistemler de dahil olmak tizere
denizin en ¢ok yiikseldigi hattin 6tesindeki deniz yatagindan ibarettir”

Kapsami bu derece genis olan bir ¢evrenin kirlenmesine neden olan kaynaklarin da miicadelenin etkinligini
saglamak maksadiyla, saglikli bir sekilde ortaya konmasi gerektigi degerlendirilmektedir. Bu konuda yine ayni
konferansta; deniz hayatinin deniz ¢evresi kapsami igerisinde yer aldigy, kirlilik s6z konusu oldugunda sadece
yiizey kaynakli degil denizin ¢evresiyle baglantili oldugu ortamlar da dahil “denizel ¢evrenin kirlenmesi”
olarak daha genis algilandig1 belirtilmistir. 1982 tarihli Birlesmis Milletler Deniz Hukuku S6zlesmesi Kisim 1,
Md.1 Parag.4’de yer alan tanimlamada “Deniz ¢evresinin kirlenmesinden, canli kaynaklara ve deniz yagamina
zarar verme, insan sagligi i¢in tehlike olusturma, balik¢ilik ve denizlerin diger yasal amaglarla kullanimi
da dahil olmak {izere, denizcilik faaliyetlerini engelleme, deniz suyunun niteligini degistirme ve giizellikleri
bozma gibi zararl etkileri olan veya olabilecek maddelerin veya enerjinin, insan tarafindan dogrudan dogruya
veya dolayli olarak, haligler de dahil olmak iizere, deniz ¢evresine dahil edilmesi anlagilmaktadir”. Tiitlincii
(2004) ise ¢alismasinda deniz kirlenmesini; “Insanlarin her tiirlii faaliyetleri sonucu, denizlerde meydana
gelen olumsuz gelismelerle ekolojik dengenin bozulmasi ve ayni faaliyetler sonucu ortaya ¢ikan koku, giiriiltii
ve atiklarin deniz ¢evresinde meydana getirdigi arzu edilmeyen sonuglardir” seklinde tanimlamagtir.

Denizel gevre igerisinde meydana gelen kaza, kirlilige miidahale, arama kurtarma vb. operasyonlarda
stirecin takibi, kontrolii ve karar verme asamalarinda destek saglayan sistemlerin girdileri de bahse konu
cevrenin degiskenleri paralelinde cesitlilik arz etmektedir.

3.2. Denizel Cevre Yonetimi Karar Siireci

Denizel gevrenin kirlenmesine yol agan kaynaklar ele alindiginda sadece gemiler degil, agik deniz platformlari
ile zararl kimyasal ve niikleer atiklarin deniz dibine depolanmasi da g6z oniinde bulundurulmahidir Tiitlincii
(2004). Ancak bunlarin arasmda gemi kazalari, neticesinde olusan can ve mal kayiplar ile deniz kirliliginin
boyutlar agisindan 6ne ¢ikmaktadir. Biiyiik dlgekte ekonomik, sosyal ve ¢evresel etkiler yaratan bu kazalarda,
olay sahnesinin biiyiikliigii ve ortamdaki degiskenlerin fazlaligi olusan kayiplarin azaltilmasina yonelik
miidahaleyi de zorlagtirmaktadir. Bu kapsamda; gerek can ve mal kayiplarmin 6nlenmesine yonelik arama
kurtarma, gerekse deniz kirliliginin etkilerini azaltmaya yonelik miidahale faaliyetlerinin koordineli ve siiratli
yapilmasi gerekmektedir. Bunu saglamak izere acil durum miidahale planlari, personel organizasyonu ve egitimi
saglanmalidir. Gergek sartlar altinda bu organizasyon ve egitimi saglamak zor ve maliyetli, olup, “simiilasyon”
bu dezavantajlan ve biiyiik 6l¢tide kirleticiyi ortadan kaldirmaya yonelik stratejilerin gelistirilmesi i¢in 6nemli
bir ara¢ olmaktadir (Nicolae, Perkovic, Ristea, ve Cotorcea, 2016). Bu kapsamin sadece deniz kirliligi boyutu
ele alindiginda ise petrol, kazalarm deniz yasam iizerinde en yikici etkiyi yarattigi ve miidahaleye yonelik
en zor sartlari olusturdugu bir bi¢imi olarak ortaya ¢ikmaktadir. Siiratli miidahale, dokiilen petroliin etkilerini
azaltacagindan, yayilma ve akibetini tahmin etme becerisine sahip simiilasyon sistemleri gelistirilmistir.

Petrol yayilimi1 tahmini, tipik olarak denizdeki petroliin ayrigmasi ve hareketinin sayisal bir modeli kullanilarak
gerceklestirilir. Buharlagsma, emiilsifikasyon, dogal dispersiyon ve diger petrole 6zgii siiregleri igeren ayrisma,
ortamdaki ¢evresel kosullarin etkisi altinda petrol tipinin kimyasal 6zellikleri tarafindan belirlenir.

Denizde yasanan kazalar neticesinde olusan can ve mal kayiplari, deniz kirliligi, hava kirliligi, kiy1 kirliligi
gibi etkilerin hepsinin simiile edilebildigi, gercek sartlarda ise olay sahasi resminin takip edilebildigi
karar destek sistemleri, olaylarmn asgari kayipla sonlandirilmasi i¢in karar vericilere siirat ve etkinlik
saglamaktadir. Yapilan tiim operasyonlarda (Arama kurtarma, deniz ve hava kirliligine miidahale, ekolojik,
ekonomik ve sosyal hassas alanlarin korunmasi vb.), yilizer ve ugar unsurlarin mevkilerini géstermeye
yonelik radar, Otomatik Tanimlama Sistemi-OTS (Automatic Identification System-AlIS) bilgileri ile,
deniz ve hava kirliligi takibine yonelik meteorolojik, osinografik, hidrografik degerlerin gercek zamanl
girdilerinin saglanmasi ve bu sistemlerinin karar verici kurumlarda 7/24 ¢alismasi gerekmektedir.

3.3. Karar Destek Sistemleri

Denizde meydana gelen kazalarin yarattig1 kayiplar gerek tasimacilik ve petrol endiistrisini gerekse
karar verici makamlart, kirliligin olusmasini engellemeye, meydana geldiginde ise miidahalenin etkinligini
artirmaya yonelik sistemler kurmaya sevk etmistir. Bu kapsamda kirleticilerin deniz ve hava ile etkilesimi
neticesinde kimyasal yapilarinda meydana gelen degisiklikler ile denizel ¢evredeki dinamikleri {izerine
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caligmalar yapilmis, neticesinde karar destek sistemleri gelistirilmistir. Hidrokarbon kimyas1 ve akiskanlar
mekanigi iizerine insa edilen bu sistemler, birlestirilmis bir dizi veri tabani ve modellemeler sayesinde
kullanicilarin acil durum miidahale planlar1 gelistirmelerine olanak saglamakta olup;

e Hedefler ve niceliksel tedbirlerin belirlenmesi,

e Maliyet etkinlik analizi, teknik ekipman tedarik ve mekan tahsisine yonelik rasyonalizasyon ve
optimizasyon,

e Miidahale personelinin egitimi,

e Miidahale operasyonlarina destek,

e Alternatif miidahale stratejileri ile lojistiginin degerlendirilmesi,
e (Cevresel risk ve etki degerlendirmesi,

e Dispersant (Kimyasal miidahale) ¢evresel etki degerlendirmesi vb. ihtiyaglara cevap vermek {izere

dizayn edilmistir (Reed, Aamo ve Daling, 1995).

Bu kapsamda, Norveg IKU Petrol Arastirmalari Enstitlisii Cevre Teknolojileri Boliimii tarafindan gelistirilen
Oil Spill Contingency and Response (OSCAR) sistemi (Reed vd., 1995), Tiirkiye Bilimsel ve Teknolojik
Aragtirma Kurumu (TUBITAK) tarafindan gelistirilen Yardim Arama Kurtarma ve Acil Miidahale Otomasyon
Sistemi (YAKAMOS), Potential Incident Simulation Control and Evaluation System (PISCES) vb. sistemler,
denizde acil durum miidahalesinin etkin ve siiratli icrasina yonelik karar vericilere destek saglarken meteoroloji
(rlizgar, hava ve deniz suyu sicakligi, vb.), osinografi (deniz suyu yogunlugu, yiizey akintisi, dalga durumu,
derinlik vb.), deniz trafigi dinamik verileri ile kirleticiler ve miidahale ekipmanlar1 verilerini (viskozite,
yogunluk, bariyer yiiksekligi, yag siyiric1 kapasitesi vb.) kullanmaktadir. Statik verilerin dnceden sisteme
sokulmasi ve giincel tutulmasmin yani sira dinamik verilerin gercek zamanl girdisi, olay sahnesinin de
dogru bir sekilde resmedilmesinde hayati 6neme haizdir. Dolayisiyla bu verileri saglayan kurum/kuruluslarin
(meteoroloji dairesi, osinografi/hidrografi dairesi, sahil giivenlik radarlari, deniz trafik hizmetleri radarlari/
OTS-AIS’leri, polis radarlari, uydu gozetleme sistemleri vb.) karar verici sistemlere ger¢ek zamanli veri
entegrasyonu yapilmasi elzem olmaktadir. Sekil-1’de bu tarz bir sistemin 6rnek resmi sunulmustur.

139008 VLM
'fflli‘

11300048 WAL
W

W R ezmzeee R MR

Ship or RCC Stmson [rr——— Covs 5 & SO Seaten [ S —

Bt r RCC Station Martne Fotee

Sekil 1. Deniz trafigi yonetim, denizde haberlesme, yiik ellecleme, makine kontrol, deniz kirliligi
simiilatorlerinin entegrasyon konsepti (Perkovic ve Sitkov, 2008).
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Sekil-1’de deniz ¢evresinde meydana gelebilecek herhangi olayda sahanin tiim dinamik verilerini (akinti,
riizgar, sicaklik, trafik vb) saglayan sistemler ile bu verileri saglayan makamlar (Hidrografi Ajansi, Polis ve
Sahil Giivenlik, Meteoroloji Ajansi, Komuta Kontrol Merkezi) internet tabanli olarak birbirlerine entegre
edilmis olup, Komuta Kontrol Merkezinde bulunan makina, kopriiiistii ve deniz kirliligi simiilatorleri ag
merkezli bir yapiya kavusturulmus ve karar destek sistemi meydana getirilmistir. Yine internet tabanli yap1
sayesinde karar makamlarmin bu destek sisteminin sagladig1 deniz resmine es zamanli olarak ulagmalari
saglanmustir.

3.4. Tiirkiye’nin Denizel Cevre Kirliligine Miidahale Organizasyonu

Denizkirliligi ile miicadelenin uluslararas1 hukuksal tabani 1954 tarihli Denizlerin Petrol ile Kirlenmesini
Onlemeye iliskin Uluslararas1 Sézlesme (OILPOL-International Convention for the Prevention of Pollution
of the Sea by Oil) ile olusmaya baslamis, 6zellikle iilkeler ve kurumlar arasi koordinasyon ile iilkelerin
bireysel organizasyon ve planlariin olusturulmasinda 1990 tarihli Petrol Kirliligine Kars1 Hazirlikli Olma,
Miidahale ve Isbirligi Uluslararas1 Sozlesmesi (OPRC 1990- International Convention on Oil Pollution
Preparedness, Response and Co-operation) dncii rol oynamistir. Tiirkiye taraf oldugu OPRC 1990 sézlesmesi
paralelinde kendi denizel ¢evresinin korunmasina yonelik 5312 sayilt “Deniz Cevresinin Petrol ve Diger
Zararli Maddelerle Kirlenmesinde Acil Durumlarda Miidahale ve Zararlarin Tazmini Esaslarina Dair
Kanunun Yiiriitme Yonetmeligini” 2006 yilinda yiiriirlige sokmustur. Bahse konu Kanun’un amaci; “deniz
emniyetinin saglanmasi ve deniz kirliliginin dnlenmesi konusundaki uluslararast hukuk ve i¢ hukuktan
dogan hak ve yiikiimliiliikler g6z 6nilinde bulundurularak;

a) Acil durumlarda gemilerden ve kiyi tesislerindeki faaliyetlerden kaynaklanan kirlenme tehlikesini
ortadan kaldirmak veya kirlenmeyi azaltmak, sinirlamak ve gidermek iizere uygulanacak miidahale ve
hazirlikli olma esaslarini,

b) Olay sonucu ortaya ¢ikan zararlarin tespit ve tazmin esaslarini,
¢) Uluslararas: yiikiimliiliiklerin yerine getirilmesi esaslarini,

d) Kanun kapsamina giren kisilerle kurum, kurulus, gemi ve tesislerin Kanunda belirtilen ilgililerinin
yetki, gorev ve sorumluluklarini, belirlemektir” (5312 Sayili Kanun, 2006).

Ayn1 mevzuatta yer alan kuruluslarmn yetki, gérev ve sorumluluklar: kapsaminda Cevre, Sehircilik ve iklim
Degisikligi Bakanligi, Ulastirma ve Altyap1 Bakanligi (UAB), Sahil Giivenlik Komutanhgi, kirliligin
seviyesine bagli olarak, valilikler, belediyeler, ilgili bakanlik il miidiirliikleri, kiy1 emniyeti genel ve bolge
miidiirliikleri ile ilgili kurumlar, olasi deniz kirliligini 6nleme ve miidahalede planli reaksiyonlar icin
gorevlendirilmis durumdadir.

Ulastirma ve Altyapt Bakanligi (UAB)’nin Acil Miidahale Merkezleri Projesi kapsaminda; Tiirkiye
kiyilarinda bolgesel ve ulusal seviyede meydana gelebilecek muhtemel kazalara karsi kurulacak
istasyonlardan miidahale imkani planlanmistir. Ulusal Acil Miidahale Sistemi Tiirkiye denizleri ve kiyilarm
petrol ve diger zararli maddelerden kaynakli deniz kirliliklerine kars1 korumak amaciyla Tekirdag’da
bulunan Ulusal Deniz Emniyeti ve Acil Miidahale Merkezi (UDEM), Antalya’da bulunan Bdolgesel Acil
Miidahale Merkezi ve kurulmasi planlanan Acil Miidahale Istasyonlarini kapsamaktadir (UAB, 2018).

Biiyiik deniz kirliliklerinde koordinasyon ve operasyon merkezi olarak gérev yapacak UDEM, bu islevini
yerine getirebilmek i¢in gerek tatbikat gerekse gercek zamanli olay sahasi resmini gosterecek bir karar destek
sistemine sahip olacaktir. Bu sistemin bahse konu resme sahip olmasi ve 5312 sayili Kanun kapsaminda
karar verici ve operasyonel makamlar tarafindan gergek zamanli paylagiimasi gerekmektedir. Kirliligin
seviyesine bagli olarak ii¢ asamali bir eylem plant 6ngdren bahse konu Kanun’un 6ngordiigii miidahale
organizasyonu Sekil 2 ve Sekil 3’te sunulmustur.

Denizde meydana gelebilecek bir kirlilik, kiy1 tesisinin miidahale edebilecegi boyutta ise Seviye 1
olarak smiflandirilmakta, aksi durumda ise Seviye 2 olarak degerlendirilmekte, gérevlendirilen Il Valisi
koordinatorligiinde Sekil 2’de yer alan makamlarin istiraki ile bolgesel boyutta miidahale organizasyonu
teskil edilmektedir. Kirlilik, bolgesel imkanlar1 da asan daha biiylik boyutta gergeklestigi takdirde ise
Seviye 3 olarak degerlendirilmektedir.
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Basin ve Halkla iligkiler Komitesi
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Sekil 2. Tiirkiye deniz ¢evresinin petrol ve diger zararli maddelerle kirlenmesinde bolgesel acil miidahale
teskilat semasi (5312 sayili kanun, 2006).

Basin ve Halkla iliskiler Komitesi
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Sekretarya R
ULUSAL OPERASYON KOMITESI
S Bolgesel Acil Miidahale
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Sekil 3. Tiirkiye deniz ¢evresinin petrol ve diger zararli maddelerle kirlenmesinde ulusal acil miidahale
teskilat semasi (5312 sayili kanun, 2006).
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3’iincii Seviye kirlilik ulusal boyutta bir miidahaleyi gerekli kilmakta, bu durumda Cevre ve Sehircilik
Bakani’nin baskanlik ettigi, denizdeki kirlilik i¢in Ulastirma ve Altyap1 ve Bakanlig1 baglisi Denizcilik
Genel Miidirligii, karadaki kirlilik i¢inse Cevre ve Sehircilik Bakanligi’nin sorumlu oldugu ve ilgili diger
makamlarin katildig1 Sekil 3’te yer alan organizasyon olusturulmaktadir.

Bolgesel ve Ulusal boyutta bu organizasyonlar kurulmakla birlikte, makamlarin birbirleriyle biitiinlesik
yap1 igerisinde olmadiklari, olay sahasinin ger¢ek zamanli resmini ortak olarak paylasmadiklari, deniz
cevresini dinamik verilerine (riizgar, akint1 vb.) gercek zamanl olarak sahip olmadiklart tespit edilmistir.

Bu dogrultuda veri akis1 ve bilgi paylasiminin hangi makamlar tarafindan saglanabilecegine dair bir dngorii
4’te sunulmustur.

Ulastirma ve
Altyap: Bakanhg .

Ana Arama Cevre, Sehircilik-ve Iklim*
Kurtarma Merkezi Degisikligi-‘Bakanhg1q

il valilikleri
ahil Giivenlik

S
Komutanh@
) UDEM
Meteorol 0J1 Riizgar, barometre,

N Karar Destek x
Genel hava/deniz suyu sicakliklart Sistemi - AFAD Bsk.llgl

Miidiirligi

\““\\ e‘\e(‘ Tamnanmig )
o g 6& gemitrafigi ‘
Seyir Hidrografi Kiy1 Emniyeti
- inoerafi . o oo B wes
e Osinog Gemi Trafik Genel Miidiirligi

Bsk.hig1 Yonetim Merkezi

Sekil 4. Denizde acil durum karar destek sistemi kullanici/veri entegrasyon 6ngoriisii.

Sekil 4’teki yap1 kapsaminda; deniz ¢evresi dinamik verilerinin, halen var olan ve gerektiginde tesis edilecek
sensoOrler vasitastyla riizgar, barometre, hava/deniz suyu sicakliklarinin Meteoroloji Genel Miidirligi
tarafindan, deniz durumu, deniz yiizeyi akinti degerlerinin Seyir Hidrografi ve Osinografi Dairesi
Bagkanlig: ile Kiy1 Emniyeti Genel Miidiirliigi tarafindan, radarlar ve OTS tarafindan elde edilen veriler
15181inda tanimlanmis gemi trafiginin Gemi Trafik Yonetim Merkezi tarafindan saglanmasi ve bu verilerin
Marmara Ereglisi/Tekirdag’da konuslu bulunan Ulusal Deniz Emniyeti Merkezi (UDEM) biinyesinde
tesis edilecek PISCES, YAKAMOS, vb. bir karar destek sistemine internet tabanli, gercek zamanl ve
7/24 esasl1 bir entegrasyonla iletilmesi, bu karar destek sisteminde olusan ger¢ek zamanli deniz resminin
yine internet tabanli bir entegrasyon vasitastyla, karar verici makamlar olan Cevre, Sehircilik ve iklim
Degisikligi Bakanlhigi, Ulastirma ve Altyapi Bakanlig, ilgili Il valilikleri, Sahil Giivenlik Komutanhg,
AFAD Basgkanligi ile sorumlu alt kademe makamlar tarafindan es zamanl paylasilmas1 6ngoriilmiistiir.

4. Sonuclar

Kiiresellesmeyle birlikte artan deniz ticaret hacmi, denizlerde meydana gelebilecek kaza, can ve mal kaybi
ile kirlilik riskini de artirmaktadir. Bahse konu kazalar neticesinde olusabilecek kayiplarin azaltilmasina
yonelik tedbirler, teknolojinin gelismesiyle birlikte daha etkin olmakta, bununla birlikte bu tedbirlerin
uygulayict makamlar arasinda siiratli, akic1 ve etkin koordinasyon ihtiyacini da beraberinde getirmektedir.
Deniz kazalar1 akabinde can ve mal kayiplarmi 6nlemeye yonelik arama kurtarma, kirliligi 6nlemeye/
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azaltmaya yoOnelik ise miidahale operasyonlar1 da bu gelismis tedbirlere ve etkin koordinasyona ihtiyag
duymaktadir. Gerek kazalardan sonra operasyonlarin etkinligini artirmak, gerekse oncesinde aliabilecek
tedbirlere yonelik karar destek/simiilasyon sistemleri biiyiik yarar saglamaktadir. Bu sistemlerin karar
vericilere olay sahasimin dogru resmini giincel olarak sunabilmesi operasyonlarin siiratli ve etkin icrasinda
gerek sarti olusturmaktadir. Olay sahasmin giincel resmi ortam degiskenlerinin sistemlere gercek zamanli
aktarilmasiyla miimkiin olabilmekte, bahse konu resmin karar verici paydaslarin hepsinde ayni zamanl
paylasimi ise operasyonlarin, koordineli ve etkin icrasina olanak saglamaktadir. Tiirkiye’nin 5312 sayili
Deniz Cevresinin Petrol ve Diger Zararli Maddelerle Kirlenmesinde Acil Durumlarda Miidahale ve Zararlarin
Tazmini Esaslarma Dair Kanun geregi, Cevre, Sehircilik ve Iklim Degisikligi Bakanlig1, Ulastirma ve Altyapi
Bakanlig1, Sahil Giivenlik Komutanhigs, 11 Valilikleri, AFAD Baskanligi, UDEM ana paydaslar olmak iizere
alt baglilariyla birlikte deniz kazalarina miidahalede karar verme mekanizmasini olusturmaktadirlar. Yapilan
literatiir taramasinda, destek sistemlerinin bireysel bazda nasil ve hangi teknolojik altyapiyla ¢alistigi, ne gibi
katkilar sagladigina yer verilmis ve bu husus durum senaryolartyla 6rneklendirilmistir. Ancak bu sistemlere
Tiirkiye’de hangi makamlar tarafindan veri beslemelerinin yapilacagi, hangi makamlarin ana karar verici
olarak sisteme entegre edilmesi gerektigine dair bir ¢alisma olmadig tespit edilmistir. Bu ¢alismanin amaci
kapsaminda Sekil 4’te, UDEM biinyesinde tesis edilen bir karar destek sistemine, denizel ¢evre dinamik
verilerinin saglayicis1 makamlar olan Kiy1 Emniyeti Genel Miidiirliigii, Gemi Trafik Y 6netim Merkezi, Seyir
Hidrografi ve Osinografi Dairesi Bagkanligi ve Meteoroloji Genel Miidiirliigii tarafindan gergek zamanh
veri akisinin saglanmasi 6ngoriilmiis, deniz kazalar1 sonrasinda miidahaleden sorumlu makamlarin siiratli ve
etkin karar vermelerini saglayacak bir entegrasyon ve bu sayede olay sahasi resminin siirekli ve giincel takip
edilebilecegi bir organizasyon olusturulmustur.

Bu calisma sayesinde ortaya konan taslak sistemin, ana sorumlu makam olan Cevre, Sehircilik ve iklim
Degisikligi Bakanlig1 tarafindan yapilacak daha detayli ¢alisma ve bu sayede alt sorumlu makamlarin da
katilmasiyla, etkin ve kapsamli bir karar destek sistemi haline gelecegi degerlendirilmektedir.

Yazar Katkilan

Cihat Asan: Calismay1 planlamis, verileri toplamis, 6rneklemeyi olusturmug ve makaleyi yazmistir.

Cikar Catismasi

Yazar ¢ikar catigmasi bildirmemistir.
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properties, ethyl linolate and trace oil contents were investigated. Seed yield, 1000 seeds weight and
oil yield were significant statistically among the genotypes. While the best result in terms of seed and
oil yield was obtained from GBI, the highest 1000 seeds weight was recorded in GB4. Palmitic acid
and trace oil contents of genotypes were significant statistically. The highest palmitic acid content
was detected in GB2, whereas the maximum trace oil contents were obtained from GB5. In results
of principal components analysis (PCA) purple and green basil types demonstrated different features
in terms of fixed oil components. GB2, GB4 and GBS basil genotypes which have green leaf types
were superior according to the PCA. GB2 genotype obtained from Hungary was the better in terms of
seed yield and fixed oil components among the purple and green basil genotypes used in this research.
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1. Introduction

Ocimum basilicum L. (basil) grown up to 60 cm height is an annual plant. The roots of these plants are
thin and grow by branching. Basil leaves are different oval and elongated forms and the basil flowers are at
the top of the main axis. Basil seeds are oval and nut-shaped and maintain the germination vigour (Dachler
& Pelzmann, 1999). Basil flowers bloom from bottom to top. Therefore, first matured seeds are at the
bottom of the flower. Due to periodic ripening and delayed harvest, seeds matured about 20-25% separate
as a by-product and then the basil plants are harvested. Another option to obtain seed is waiting till plant
fully matures (Domokos & Perédi, 1993). The origin of basil plants is unknown. However, since many
basil plants are similar to the species grown in Africa, it is assumed to be of African origin. On the other
hand, it is estimated that India and Asia can also be its origin (Small, 2006). Basil cultivation was widely
performed in Turkey, Iran, Japan and China (Sadeghi, Rahnavard, and Ashravi, 2009).

Basil seeds have been traditionally used in the treatment of indigestion, ulcer, diarrhea, sore throat and
kidney ailments (Rezapour, Tarzi, and Movahed, 2016). Also, gum obtained from basil seeds has been used
for many purposes such as a fiber source, pharmaceutical drug additive, suspending agent, anti-diabetic
agent, growing plant seedlings and biodegradable film (Tabasi & Razavi, 2017). Fixed oils are glycerol
esters commonly found in both animals and plants (Asil & Bozdogan-Konuskan, 2021). These oils have
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been widely used in the food, lubrication, soap, paint, polish and fuel industries (Behera, Nagarajan, and
Rao, 2004; Kadam, Yadav, Shivatare, Bhilwade, and Patil, 2012). Seed oils differ significantly in fatty acid
composition at different taxonomic and typical differentations (Zhang, Zhang, Zhang, and Kitajim, 2015).
Fatty acid compositions in the seed oils can be found at different levels among the species and genotypes
and within species (Motojest, Ogunlaja, and Amos, 2011; Zhang et al., 2015; Idris et al., 2020). Despite this
popularity, few current studies have evaluated the seed oil yield and compositions of basil (Angers et al.,
1996; Sadeghi et al., 2009; Tarchoune et al., 2013; Mostafavai et al., 2019; Idris, Nour, Ali, Erwai Ishag,
and Nour, 2020). Therefore, this study aimed to investigate the seed and oil yield, chemical characteristics
and fatty acid compositions of different basil genotypes to rise the economical usage.

2. Materials and Methods
2.1. Plant Material

The origins of the eight different green and purple basil genotypes used in this study were given in Table
1. One purple and three green basil genotypes were obtained from Garafarm Corporation from Hungary.
The Arapgir genotype (purple basil) marked geographically in Turkey was obtained from Malatya province.
Genotypes originating from France were provided via Turkish Vilmorin Seed Corporation.

Table 1
Knowledge about the basil genotypes used in this study

Abbreviations Genotypes Colour of Leaves Leaf Types Origin
PBI Arapgir Purple Elongation Turkey
PB2 Piros Purple Oval Hungary
PB3 Midnight Purple Oval France
GB1 Fah¢j illata Green Elongation Hungary
GB2 Magas Green Elongation Hungary
GB3 Torpe Green Oval Hungary
GB4 Compact Green Elongation France
GB5 Large Sweet Green Oval France

2.2. Growing the Basil Seedlings, Experimental Design, Climatic Conditions and Soil Properties

Purple and green basil seeds obtained from different countries were sown in viol including 1:1 peat and
perlite mediums on 7 March in 2020. First seedling emergences were determined five days after sowing.
Seedlings reaching a period of 4-5 leaves were planted in experimental field at Hatay Mustafa Kemal
University on 22 March 2020. The experimental design was laid out the randomized completed blocks with
three replications. The plants were planted by setting 40 cm space among the plants in rows and 50 cm space
among the rows in experimental field. The row length was 5 m. Before planting, the field was fertilized with
3 kg nitrogen and 5 kg phosphorus. Plants were irrigated with a drip irrigation system according to their
water needs during the growing period. Plants were again fertilized with 3 kg nitrogen at pre-flowering stage.
The climatic conditions were given in Table 2. While precipitation decreased significantly in all months
compared to the LYA (long year averages) climatic conditions, the temperature increased considerably.
The soil of the experimental field was clay-loam texture and slightly alkaline reaction (pH: 7.60), also the
organic matter content was 2.30% (Y1lmaz, Hiir, and Ertekin, 2018; Ertekin, Atis, and Yilmaz, 2020).

2.3. LYA: Long Year Averages (Anonimous, 2020)Harvest and Yield

Twenty basil plants randomly selected from each parcel were harvested on 15 September 2020 when
the seeds were fully mature. Samples filled separately in sacks were laid out on the drying table at room
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Table 2

The climatic conditions of the province of Hatay where the experiment was conducted

Months Year and LYA  Precipitation (mm) Temperature (°C) Relative Humidity (%)

2020 494 14.9 82.1
March
LYA 143.3 13.0 -
) 2020 38.2 18.1 75.0
April
LYA 103.9 17.2 -
2020 13.8 23.2 63.4
May
LYA 81.1 21.2 -
2020 0.4 252 67.4
June
LYA 32.0 24.8 -
2020 0.0 29.5 68.3
July
LYA 16.0 27.2 -
2020 0.0 29.6 64.7
August
LYA 18.2 27.8 -
2020 0.0 29.6 65.6
September
LYA 41.1 25.7 -

LYA: Long Year Averages (Anonimous, 2020)

temperature conditions. The dried samples were collected after one week and filled in sacks. To remove
seeds from flowers, the plants in the sacks were chewed and hammered. The seeds removed from flowers
were cleaned from plant residues via sieves. Seeds for each genotype and replicate were counted and
weighed four times with groups of a hundred. 1000 seed weights of genotypes were determined-in this way.
The seed yield of genotypes was calculated over twenty plants randomly selected and harvested with the
number of plants grown per decare.

2.4. Chemical Analyzes, Oil Extraction and Determination of Oil Components

100 g seed obtained from genotypes was ground in a mill with 1 mm sieve diameter (Ertekin, Celiktas, Can,
and Kizilsimsek, 2017; Kizilsimsek, Ozturk, Yanar, Ertekin, Ozkan, and Kamalak, 2017; Ertekin, Atis, Yilmaz,
Can, and Kizilsimsek, 2019; Ertekin and Kizilsimsek, 2020). Nitrogen (N) content of seeds was analyzed by
the Kjeldahl method (AOAC, 2019). Crude protein (CP) contents were calculated as Nx6.25. Ash content was
determined by burning in the muffle furnace at 550 °C for 4 hours (AOAC, 2005). Oil extraction of seeds was
performed extraction method via soxhlet extractor according to the AOAC (2005). Also, oil ratio and oil yield of
genotypes was calculated. After taking 100 pl of oils obtained from basil seeds and adding 3 ml of N-Heptane and
400 pl of 2N methanolic KOH solution, esterification was applied and the components of the oils were analyzed
by GC / MS. Determination of fixed oil components was carried out under the following conditions with Thermo
Scientific ISQ Single Quadrupole model gas chromatograph device. A column with a TR-FAME MS model, 5%
Phenyl Polysilphenylene-silohexane, 0.25 mm inner diameter x 60 m length, 0.25 pm film thickness was used.
Helium (99.9%) was used as carrier gas at a flow rate of | mL min'. The ionization energy was set at 70 eV and
the mass range m/z 1.2-1200 amu. Scan Mode was used for data collection. Temperatures of MS transfer line,
MS ionization, injection port and initially column were 250, 220, 220 and 120 °C, respectively. The 1 pL of the
esterified sample was taken by the autosampler and placed in the injection port. Samples in initially column
temperature were kept for 1 min. Column temperature increased by 10 °C per minute to 175 °C and samples
were kept there for 10 min. Column temperature rose by 5 °C per minute to 210 °C and the samples were kept
there for 5 minutes. Then, the column temperature increased by 5 °C per minute to 230 °C and the analysis was
concluded by waiting for 6 minutes here. Total analysis time was 38.5 minutes. The structure of each compound
was identified with the Xcalibur program using mass spectra (Tiirkmen & Koger 2021).
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2.5. Statistical Analyses

Analysis of variance was performed to compare the seed yield, seed chemical characteristics and fixed
oil components of different basil genotypes. Significance among the means was evaluated by using the LSD
test (p < 0.05). Also, standard error means of the data were presented. Principle component analysis (PCA)
was carried out using XLSTAT to examine relationships between basil genotypes and fixed oil components
detected via GC/MS.

3. Results and Discussion
3.1. Yield and Chemical Characteristics

Means of properties of seed yield, 1000 seeds weight, oil ratio, oil yield, crude protein and ash content
were given in Table 3. Basil genotypes had significant effect on the seed yield, 1000 seeds weight and oil
yield, but not on the oil ratio, crude protein and ash. Seed yield ranged from 178.89 to 606.67 kg da™'. The
highest seed yield was obtained from GBI, whereas the lowest value was detected in PB2. 1000 seeds
weight varied between 1.03 and 1.48 g. While the highest 1000 seeds weight was determined in GB4, the
lowest value was found in GB3. Oil yield values ranged from 24.36 to 97.34 kg da’'. The maximum oil
yield was achieved in the GB1, while the minimum value was recorded in PB3. The oil ratio values varied
between 12.17 and 17.08%. The maximum oil ratio was found in PB1, whereas the lowest was determined
in GBS. Crude protein contents of genotypes ranged from 15.70-19.30%. The highest crude protein ratio
was obtained from GB2, while the lowest value was detected in GBS. The ash contents of genotypes varied
between 8.99 and 10.46%. The maximum ash content was recorded in PB2, whereas the minimum ash
content was achieved in GB2. The seed yield, 1000 seeds weight and oil yield properties, as affected by
different basil genotypes, were determined to investigate yield and these features changed highly among
the genotypes. Egata, Geja, and Mengesha (2017) reported that the seed yield per plant varied between
1.88 and 14.03 among the Ethiopian sweet basil genotypes. In addition, another study described that the
seed yield per plant ranged from 9.26 to 44.84. (Gowda, Dorajeerao, Madvai, and Suneetha, 2019). Nassar,
El-Segai, and Mohamed (2013) reported that the 1000 seeds weight was 1.396 g in basil. Results obtained

Table 3

Effects of genotypes on seed yield, 1000 seeds weight, oil ratio, oil yield, crude protein and ash contents

Genotypes Seed Yield 100'0 seeds Qil Yield Oil ratio Cr}lde Ash (%)
(kg/da) weight (g) (kg/da) (%) protein (%)
PBI 256.67£58.97°  1.37+£0.03®  43.59+£9.63> 17.08+0.23  18.21£0.45 9.34+0.12
PB2 178.89+£17.88°  1.21+0.06°  28.59+2.61°  16.02+0.35  16.42+0.57 10.46+0.48
PB3 181.11£15.44>  1.13+£0.03«¢  24.36+1.95°  13.46+0.25 16.93£0.22 9.74+0.12
GBl1 606.67£173.60°  1.33+£0.04°> 97.34421.12*° 16.76£2.06  18.19+1.06  9.56+0.72
GB2 300.00+42.21°  1.43+0.06® 41.15+£0.78  14.23+1.86 19.30+£1.03  8.99+0.21
GB3 228.89+41.16°  1.03+0.03¢  34.19+£7.62>*  14.73+0.62  15.88+0.31 9.68+0.13
GB4 406.67+24.57®  1.48+£0.01°  60.05+4.82°  14.81£1.18  18.55+1.19  9.53+0.25
GBS 382.22+103.79®  1.344+0.04> 45.65+11.67* 12.17+0.56  15.70£1.06 10.18+0.34
Mean 317.64 1.29 46.86 14.91 17.40 9.69
Significance * oAk ok ns ns ns
P value 0.04 <.0001 <.01 0.13 0.07 0.25
LSD 249.87 0.12 30.99 3.60 2.59 1.15

ns: non-significant; *:0.05>p>0.01; **:0.01>p>0.001; ***: 0.001>p; ®*‘Row means with common superscripts do not differ.
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from this study about seed yield and 1000 seeds weight was to similar literature reports. Also, while the
GB1 was superior in term of seed yield, the GB4 was the highest in terms of 1000 seeds weight. There
was no literature report about basil seed oil yield. Safflower seed yield varies between 60 and 100 kg da™!
(Kolsarici, Giir, Basalma, Isler, and Kaya, 2005). Seed oil yield results obtained from this study was similar
to safflower seed oil yield. Nour, Elhussein, Osman, and Nour (2009) reported that the oil ratio of 14 different
basil genotypes was between 8.8-30%. Moreover, a study determined that the oil ratio was between 12.4
and 21.6% (Kakaraparthi, Srinivas, Kumar, and Kumar, 2015). Sarfraz, Anjum, Khan, Arshad, and Nadeem
(2011) found that the crude protein content of basil was 11.4. The crude protein content of genotypes used
in this study was higher than the results of Sarfraz et al. (2011). Sarfraz et al. (2011) reported that the ash
content of basil was 6.3. Ash content obtained from this study was higher than the findings of Sarfraz et al.
(2011). The main reason for these results may be the difference in genotypes.

3.2. Fixed Oil Components

Means of components of oil obtained from genotypes were given in Table 4. Our results indicated
that the basil genotypes had a significant effect on the palmitic and trace oil acids, but not on the others.
Linoleic acid component fixed oils obtained from different basil genotypes ranged from 21.05 to 25.62%.
The maximum linoleic acid was achieved in PB1, while the minimum value was recorded in GBS. Purple
basil genotypes gave generally better linoleic acid content than green basil genotypes. Linolenic acid
determined as the major component varied between 47.77 and 51.00%. The highest linolenic acid content
was detected in GB2, whereas the lowest value was determined in GB3. The oleic acid component ranged
from 10.56 to 15.72%. The highest value was obtained from GB1, while the lowest was determined in
PB1. Palmitic acid contents of basil fixed oils ranged from 8.31 to 9.78%. The maximum palmitic acid
content was obtained from GB4 while the lowest value was detected in PB2. The stearic acid component
varied between 2.10 and 3.23%. The maximum stearic acid content was achieved in PB2, whereas the
minimum value was recorded in GBS. The hexadecatrienoic acid content of genotypes ranged from 0.50
to 1.01%. The highest hexadecatrienoic acid content was obtained from PB3, while the lowest value was
found in GB1. The ethyl linoleate content varied between 0.50 and 0.79%. The maximum ethyl linoleate
was detected in GB5, whereas the minimum ethyl linoleate was recorded in GB3. The trace oil acids varied
between 0.78 and 1.37%. The highest value among the trace oil acids was determined in GB5 but PB1, PB3
and GB2 were statistically in the same group. The lowest value among the trace oil acids was recorded in
GB3. Fixed oil components of different basil genotypes were investigated to determine the fixed oil quality.
Angers, Morales, and Simon (1996) reported that the linoleic acid content of basil genotypes was between
18.3 and 21.7%. On the other hand, Domokos and Perédi (1993) found that linoleic acid content varied
between 17 and 25%. Furthermore, Matthaus, Vosmann, Pham, and Aitzetmiiller (2003) reported that the
linoleic acid content in basil was 22% and 24.89%, respectively. Although results of linoleic acid content
obtained from this study were similar to literature findings, some genotypes gave the higher linoleic acid
content than literature results. Many researchers reported that the linolenic acid content in basil ranged from
50 and 63% (Domokos & Perédi, 1993; Angers et al., 1996; Matthaus et al., 2003). Linolenic acid contents
of the genotypes used in this study were lower than the literature reports except for the GB2 basil genotype.
Angers et al. (1996) found that the oleic acid content was between 18.3 and 21.7%. Also, Domokos &
Perédi (1993) and Matthaus et al. (2003) determined that the oleic acid content was 9-15%, 15% and 7.43,
respectively. Oleic acid content of GB1 basil genotype used in this study was higher than the results of these
researches. Domokos & Perédi, (1993) reported that the palmitic acid content in basil was between 6 and
9%. Palmitic acid contents of the GB2, GB4 and GBS basil genotypes used in this study were higher than
the Domokos & Perédi (1993)’s results. Angers et al. (1996) detected that the stearic acid content in basil
ranged from 2.0 to 2.8%. Except for the GB2, GB4 and GBS, stearic acid content in the study was higher
than the literature results in five basil genotypes.

3.3. Principal Components Analysis for Fixed Oil Components

The eigenvalues and eigenvectors obtained as a result of the principle components analysis related to
the fix oil components of different basil genotypes examined in this study were given in Table 5 and Figure
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Table 4

Effects of genotypes on fixed oil components in different purple and green basil

Genotypes Linoleic Linolenic  Oleic Acid  Palmitic Stearic  Hexadecatrienoic ~ Ethyl Trace
acid Acid (%) Acid Acid Acid Linoleate (%)
(“o) (%) (“o) (“o) (“o) (“o)
PBI 25.62+0.74 48.91£1.26 10.56+2.12 8.91+0.44°¢ 2.90+0.30 0.55+0.06 0.60+0.05 1.09+0.14*
PB2 25.35+0.75 48.37+0.66 11.91+£2.06 8.31+0.27¢ 3.23+0.14 0.60+0.23 0.57+0.10  0.91+0.12"
PB3 24.90+0.84 48.81£1.52 10.84+2.00 8.85+0.42%4 2.95+0.42 1.01£0.44 0.61+0.06 1.06+0.08**
GB1 24.67+1.21 45.51+1.42 15.72+1.76 8.514+0.05¢ 2.89+0.32 0.50+0.24 0.63+0.09  0.81+0.10¢
GB2 21.70£1.92  51.00£2.10 11.46£2.10 9.78+0.19* 2.77+0.12 0.67+0.20 0.62+0.13  1.28+0.06
GB3 23.29+0.83 47.77+1.43 14.19+£2.63 8.40+0.14%¢ 2.86+0.52 0.78+0.44 0.50+0.23  0.78+0.08°
GB4 22.38+1.44 48.56+0.79 14.55£1.24 9.25+0.30 2.15+0.53 0.57+0.27 0.75+£0.06  0.83+0.17¢
GBS 21.02+1.23  49.7740.95 14.33£1.95 9.27+0.12*® 2.10+0.26 0.61£0.09 0.79+0.15  1.37+0.21*
Mean 23.62 48.59 12.95 8.91 2.73 0.66 0.63 1.02
Significance ns ns ns * ns ns ns *
P value 0.11 0.31 0.54 0.03 0.28 0.87 0.50 0.03
LSD 3.71 4.17 6.35 0.87 1.02 0.75 0.29 0.38

ns: non-significant; *:0.05>p>0.01; ****Row means with common superscripts do not differ.

1 and in Table 6, respectively. When the eigenvalues were investigated, eigenvalue of Factor 1 (F1) and
Factor 2 (F2) was over 1. Also, F1 and F2 explained the variation at the rate of 79.06 (Table 5 and Figure
1). Correlation analysis methods were used to select the influential features to indirect selection of best
genotypes (Yaldiz & Camlica, 2020). In this context, principle components analysis (PCA) is a suitable
multivariate technique to determine the genotypes. To detect the appropriate genotype in terms of fixed oil
components, PCA method was used according to the literature evaluations (Leilah & Al-Khateeb, 2005;
Golparvar, Ghasemi-Pirbalouti, and Madani, 2006). According to the PCA, GB1, GB4 and GBS5 genotypes
were superior in terms of fixed oil components.

Table 5

Eigenvalues of principal components analysis for fixed oil contents obtained from different basil genotypes

F1 F2 F3 F4 F5 Fé F7

Eigenvalue 3.94 2.39 0.80 0.42 0.26 0.15 0.04

Variability (%) 49.20 29.86 10.02 5.23 3.31 1.83 0.55
Cumulative % 49.20 79.06 89.08 94.31 97.63 99.45 100.00

As the eigenvectors (Table 6), it was found that the components of palmitic acid and ethyl linoleate for F1
and oleic acid and ethyl linoleate for F2 should be evaluated. In the biplot analysis graph of basil genotypes
presented in Figure 2, the F1 axis (49.20%) was formed with palmitic acid and ethyl linoleate, and the F2
axis (29.86%) with oleic acid and ethyl linoleate contents. In the positive direction of the F1 axis, it was
observed that the GB5 genotype was superior in terms of ethyl linoleate component. Also, in the positive
direction of F2 axis, it was determined that the GB4 was excellent in term of oleic acid content. GB2
and GBS genotypes gave the good results in term of palmitic acid content. Basil genotypes circled in the
principal component analysis biplot graph were found superior in terms of fixed oil contents.
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Figure. 1. Principle component factors based on eigenvalues line chart

Table 6

Eigenvectors of principle components analysis for fixed oil contents obtained from different basil genotypes

F1 F2 F3 F4 F5 Fé F7
Linoleic Acid -0.43 -0.14 -0.32 0.53 -0.17 0.09 -0.21
Linolenic Acid 0.36 -0.42 -0.04 -0.24 -0.16 -0.53 0.27
Oleic Acid 0.04 0.61 0.26 -0.21 0.30 0.16 0.10
Palmitic Acid 0.45 -0.15 -0.08 -0.17 -0.43 0.73 -0.07
Stearic Acid -0.42 -0.30 -0.19 -0.24 0.26 0.34 0.68
Hexadecatrienoic Acid -0.07 -0.39 0.85 0.30 0.04 0.14 0.06
Ethyl linoleate 0.40 0.26 -0.10 0.65 -0.04 -0.01 0.57
Trace 0.37 -0.32 -0.21 0.15 0.77 0.13 -0.27
Biplot (axes F1 and F2: 79,06 %)
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Figure. 2. Biplot distribution graph of principal components analysis for fixed oil contents obtained from
different basil genotypes
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4. Conclusion

This study aimed to investigate seed yield and quality and fixed oil components of different basil
genotypes including purple and green plant types. The best seed yield was determined in GB1 which was
obtained from Hungary and had green and elongation leaf types. It was found significant differences in
terms of oil components among the basil genotypes. Purple and green basil types demonstrated different
features in terms of fixed oil components. In results of principle components analysis, GB2, GB4 and GBS
basil genotypes which have green leaf type were superior. As a result of this study, we deduced that the GB2
genotype obtained from Hungary was the better in terms of seed yield and fixed oil components among
the purple and green basil genotypes used in this research. The genotype of GB2 is not used due to its high
linolenic acid, its oil quick oxidation and time to time oil bitterness. However, it can be recommended to be
consumed directly as food and included in diets because this fatty acid is an omega 3 fatty acid.
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A Monte-Carlo simulation study is implemented to investigate which combination performs better
compared to the rest. The simulation study states that the combination of Shapiro-Wilk, Jarque—
Bera and Anderson—Darling tests performs well in most of the simulation scenarios constructed under
different transformation parameters and sample sizes. In this study, this combination is proposed as
ensemble based Box-Cox transformation via meta analysis. The proposed approach is implemented on
white blood count data of leukaemia patients which are not normally distributed. Also, the proposed
methodology is provided in AID R package with “boxcoxmeta” function for public use.
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1. Introduction

Normal distribution has an essential role for statistical approaches. The reason why the normality
assumption has a fundamental role is that it constructs the basis of the approaches, such as t-test and ANOVA.
When this assumption is violated, the most widely utilized solution is Box-Cox power transformation (Box
and Cox, 1964). Data are not normally distributed in general while analysing data in application. Box-Cox
transformation has been carried out in different areas, such as medical studies. Liu et al. (2021) used Box-
Cox power transformation to transform the distribution of stay length of type 2 diabetes mellitus patients
in public hospital to normal one. Roy et al. (2021) applied Box-Cox transformation for non-normality in
brainstem dose-volume histogram points. Singh et al. (2021) applied Box-Cox transformation to normalize
absolute insulin dosing. Nelson et al. (2022) used Box-Cox transformation on outcome of cancer-related self-
efficacy. In the original article, Box and Cox (1964) used maximum likelihood as an estimation technique
of transformation parameter. Dag et al. (2014) proposed a methodology including the usage of an artificial
covariate for the estimation of transformation parameter. Rahman and Pearson (2008) and Rahman (1999)
used normality tests, Anderson Darling and Shapiro Wilk tests, to estimate the power. Asar et al. (2017)
extended the use of normality tests in parameter estimation and included searching algorithm to optimize the
parameter. Their study includes well-know seven normality tests; namely, Anderson-Darling, Shapiro-Wilk,
Lilliefors (Kolmogorov-Smirnov), Jarque-Bera, Cramer-von Mises, Shapiro-Francia, Pearson chi-square
tests. In this study, we propose a novel approach to estimate power transformation parameter. According
to the simulation results of the work done by Asar et al. (2017), Pearson chi-square test performed worse
compared to the other methods for the parameter estimation. Therefore, we include the other six normality
tests in this study. We assemble different Box-Cox transformation estimates through random effect model in
meta analysis. Specifically, we assemble all possible combinations (63 combinations) of six methods for the
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estimation of Box-Cox parameter. We compare all possible combinations via a simulation study. We observe
that the combination of Jarque-Bera, Anderson-Darling and Shapiro-Wilk tests performs well in most of the
simulation scenarios. Therefore, we propose this combination as ensemble based Box-Cox transformation
via meta analysis. The organization of this paper is as follows. Some information regarding Box-Cox power
transformation and our proposed methodology are placed in Section 2. The steps of simulation study and
its results are placed in Section 3. Moreover, the application of our proposed method is carried out on data
of leukaemia patients and the implementation of the proposed approach is placed in Section 3. The article
is completed in Section 4.

2. Materials and Methods

Box-Cox power transformation was proposed by Box and Cox (1964). The transformation on
y,(i=1.2,...,n) is as follows.

(Yi+7\2)}‘—1 .
7, = { =, if A0 (1)
log(y; +1,), if A=0

Here, y, are the data to be transformed, A is the transformation parameter to be estimated, Z are the data on
which Box-Cox power transformation is applied and n is the size of sample. A, is the specified fixed value
to add each y, making them positive if y, < 0. The power transformation given in Equation (1) is equivalent
to

*_

i

{ (vi + )N if A#0 2)

log(y; +2;), if A=0

since Equation (1) is the linear transformation of Equation (2) (Box and Cox 1964).

The objective of this paper is to propose an ensemble based Box-Cox transformation by assembling the
estimates found by Shapiro-Wilk, Jarque—Bera and Anderson—Darling tests via random effect model in
meta analysis. Information on estimation process via these tests is available in the work done by Asar et al.
(2017). The algorithm of the proposed algorithm can be followed:

i. The possible A values are specified such as A = -3, -2.99, -2.98, ..., 3.

ii. Any observations in data are not allowed to be negative. If yes, the value is specified to make all
observations larger than zero (Box and Cox, 1964).

iii. The estimates via Shapiro-Wilk, Jarque—Bera and Anderson—Darling tests are obtained using the
algorithm proposed by Asar et al. (2017).

iv. Standard errors of the estimates are obtained via non-parametric bootstrap.

v. The estimates found in (iii) are assembled using the standard errors obtained in (iv) with random effect
model in meta analysis.

The proposed methodology can be reached in AID R package with “boxcoxmeta” function. The estimates
via Shapiro-Wilk, Jarque—Bera and Anderson—Darling tests are obtained via “boxcoxnc” function in AID
package. The estimates are assembled via meta package (Balduzzi, 2019). All applications and codes are
conducted in R environment (R _Development Core Team, 2020). The figures are drawn using ggplot2 R
package (Wickham, 2016).

3. Results and Discussion

In this part, we implement a Monte Carlo simulation for the comparison of our proposed method with
the other existing methods. The simulation scenarios are provided with their results in this section. Our
proposed method is demonstrated on data of leukaemia patients. Brief information is presented together
with results. The implementation of the proposed method is provided in the last subsection.
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3.1. Monte Carlo Simulation Study

A simulation study is implemented to make a comparison for the estimation performance with our
proposed method (OM) with other methods; Shapiro-Francia (SF), Cramer-von Mises (CVM), Shapiro-
Wilk (SW), Jarque-Bera (JB), Anderson-Darling (AD), Lilliefors test (LT). The algorithm of simulation
scenarios is as follows.

i. Simulate a random data set from N (u = 0, 6 = 5) with different sample size (n = 20, 30, 50, 100, 500).

ii. If generated variable (Z) includes any non-positive value, add a specified fixed value to make all
observations larger than zero.

iii. Make inverse transformation Z*» stated in Equation (2) with Box-Cox parameter (A= -5, -2, -1, 0, 2, 5).
iv. Estimate A by all methods.
v. Repeat all steps for 10,000 runs.

When all steps are ended, the performance measures; namely, bias, mean square error (MSE) and standard
error (SE) are obtained.

In this section, the performances of methods are investigated through bias, MSE and SE. All results are not
reported here for the content integrity, but available at yunus.hacettepe.edu.tr/~osman.dag/supp _materials/
ensemble boxcox.xlsx. We provide the performances in Figure 1 and Table 1.

In general perspective, biases and MSEs get smaller as the magnitude of A decreases as expected. For
example, under the scenario of n = 50, absolute biases and MSEs are within a range of 0.005-0.105 and
1.631-2.869 for 4 = 5, respectively; on the other hand, absolute biases and MSEs are found to be in an
interval of 0.001-0.043 and 0.266-0.514 for 4 = 2, respectively.

Bias and MSE values become smaller as the number of observations raises. The performances of the methods
are similar especially for large sample size. However, as the sample size gets smaller, the differences among
the estimation techniques become clear. In most scenarios, our proposed method performs better compared
to other estimation techniques. To illustrate, for » = 30 and A = 2, absolute bias and MSE of our method are
0.001 and 0.449, respectively. Under the same condition, the absolute biases and their MSEs of the other
methods are within a range of 0.008-0.054 and 0.412-0.752, respectively.

Table 1

Comparison of our method with six different methods

n true )'SW j'AD lCVM lSF j'LT 2'JB j'OM
-5 Bias 0.020  -0.103  -0.130 -0.133 -0.061 0.077 -0.001
MSE 3.287 3.704  4.232 3.391 4.666 3.579 3.440
-2 Bias -0.012  -0.073  -0.098 -0.078 -0.087 -0.005 -0.030
MSE 0.622 0.748 0914 0.656 1.078 0.748 0.681
-1 Bias -0.007  -0.038 -0.051 -0.040 -0.049 -0.006 -0.017
MSE 0.159 0.194  0.241 0.168 0.287 0.199 0.176
20 0 Bias 0.000 0.000  0.000 0.000 0.001 0.000 0.000
MSE 0.003 0.003 0.004 0.003 0.005 0.003 0.003
2 Bias 0.012 0.073 0.098 0.078 0.087 0.005 0.030
MSE 0.622 0.748 0914 0.656 1.078 0.748 0.681
5 Bias -0.020  0.103 0.130 0.133 0.061 -0.077 0.001
MSE 3.287 3.704  4.232 3.391 4.666 3.579 3.440
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Table 1

Comparison of our method with six different methods (Continued)

n true A A y) y) A y) A

SW AD CcvYM SF LT JB oM

-5 Bias 0.041 -0.064  -0.076 -0.097 -0.017 0.105 0.029
MSE 2.357 2.805 3.339 2.436 3.703 2.569 2.503

-2 Bias 0.008  -0.041 -0.054 -0.049 -0.038 0.028 -0.001
MSE 0.412 0.514  0.642 0.432 0.752 0.472 0.449

-1 Bias 0.003  -0.021 -0.027 -0.025 -0.021 0.013 -0.002
MSE 0.104 0.130  0.162 0.109 0.190 0.120 0.113

30 0 Bias 0.000 0.000  -0.001 -0.001 -0.001 -0.001 -0.001
MSE 0.002 0.002  0.002 0.002 0.003 0.002 0.002

2 Bias -0.008  0.041 0.054 0.049 0.038 -0.028 0.001
MSE 0.412 0.514  0.642 0.432 0.752 0.472 0.449

5 Bias -0.041 0.064  0.076 0.097 0.017 -0.105 -0.029
MSE 2.357 2.805  3.339 2.436 3.703 2.569 2.503

-5 Bias 0.014  -0.074 -0.086 -0.105 -0.026 0.070 0.005
MSE 1.631 2.070  2.524 1.701 2.869 1.744 1.748

-2 Bias 0.004  -0.033 -0.042 -0.043 -0.025 0.024 -0.001
MSE 0.266 0.345 0435 0.279 0.514 0.290 0.287

-1 Bias 0.002  -0.017 -0.021 -0.023 -0.014 0.012 -0.001
MSE 0.067 0.087  0.109 0.070 0.129 0.073 0.072

50 0 Bias -0.001 0.000  0.000 -0.001 0.000 -0.001 -0.001
MSE 0.001 0.001 0.001 0.001 0.001 0.001 0.001

2 Bias -0.004  0.033  0.042 0.043 0.025 -0.024 0.001
MSE 0.266 0.345 0435 0.279 0.514 0.290 0.287

5 Bias -0.014  0.074  0.086 0.105 0.026 -0.069 -0.005
MSE 1.631 2.070  2.524 1.701 2.869 1.744 1.748

-5 Bias 0.012  -0.034 -0.043 -0.079 -0.021 0.062 0.014
MSE 0.925 1.265 1.568 0.961 1.856 0.964 0.997

-2 Bias 0.005  -0.014 -0.019 -0.032 -0.011 0.024 0.005
MSE 0.149 0.205  0.256 0.155 0.307 0.156 0.161

-1 Bias 0.002  -0.007 -0.010 -0.016 -0.007 0.010 0.002
MSE 0.038 0.052  0.065 0.040 0.077 0.039 0.040

100 0 Bias 0.000 0.000  0.000 0.000 0.000 0.000 0.000
MSE 0.000 0.000  0.000 0.000 0.000 0.000 0.000

2 Bias -0.005  0.014  0.019 0.032 0.011 -0.024 -0.005
MSE 0.149 0.205  0.256 0.155 0.307 0.156 0.161

5 Bias -0.012  0.035  0.043 0.079 0.021 -0.062 -0.014
MSE 0.925 1.265 1.568 0.961 1.856 0.964 0.997
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Table 1

Comparison of our method with six different methods (Continued)

n true A A y) y) A y) y)

SW AD CVYM SF LT JB oM

-5 Bias -0.012  -0.016 -0.017 -0.052 -0.009 0.008 -0.006
MSE 0.273 0.400  0.480 0.280 0.571 0.277 0.293

-2 Bias -0.005  -0.006 -0.007 -0.021 -0.004 0.003 -0.003
MSE 0.045 0.065  0.077 0.046 0.091 0.045 0.047

-1 Bias -0.003  -0.004 -0.003 -0.011 -0.003 0.000 -0.002
MSE 0.012 0.017  0.020 0.012 0.023 0.012 0.012

500 0 Bias 0.000 0.000  0.000 0.000 0.000 0.000 0.000
MSE 0.000 0.000  0.000 0.000 0.000 0.000 0.000

2 Bias 0.005 0.006  0.007 0.021 0.004 -0.003 0.003
MSE 0.045 0.065  0.077 0.046 0.091 0.045 0.047

5 Bias 0.012 0.016  0.017 0.052 0.009 -0.008 0.006
MSE 0.273 0.400  0.480 0.280 0.571 0.277 0.293

When lambda is close to zero, all estimation techniques perform similar. For instance, the absolute bias and
MSE values of all tests are lower than 5 x 10~ for all scenarios.

When the data generated under the normal distribution with sample size n = 20 for A = -2, -1, 2, JB and SW
techniques have smaller bias compared to our proposed method.

In brief, our proposed method seems to be more effective than other methods for estimating Box-Cox
transformation parameter in most scenarios. However, JB and SW might be preferable when sample size is
small and estimated transformation parameter is close to 0.
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Figure 1. Biases of Methods

3.2. Data of Leukaemia Patients

This dataset involves 33 patients having died from acute myelogenous leukaemia. The data set includes
three variables; namely, white blood count, test result and survival time. The data set can be reached in
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MASS R package (Venables and Ripley, 2002). For our analysis, the distribution of white blood count
(wbc) is examined. This variable shows positively skewed distribution (Figure 2); moreover, the normality
tests (Jarque-Bera, Anderson-Darling and Shapiro-Wilk tests) indicate that the distribution of white blood
count is non-normal (e.g.. Shapiro-Wilk normality test: p-value =1.986x10).
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Figure 2. Left: Histogram (upper) and Q-Q (lower) plot of white blood count before Box-Cox transformation;
Right: Histogram (upper) and Q-Q plot (lower) of white blood count after Box-Cox transformation.

Our aforementioned method is performed for the estimation of unknown parameter. The estimate is found
to be -0.05333092. When we apply Box-Cox transformation with this lambda estimate, we can easily see
transformed data are distributed normally (Figure 2). Moreover, the results of normality tests are provided
along with p-values in following part.

3.3. Implementation
The proposed methodology is released in “boxcoxmeta” function under AID R package. The estimate

of A for white blood count can be acquired with R codes presented below.

R> library(AID)
R> library(MASS)

R> set.seed(1)
R> result <- boxcoxmeta(leuk$wbc, lambda = seq(-3,3,0.01), nboot = 100, lambdaZ = NULL,
plot = TRUE, alpha = 0.05, verbose = TRUE)

Box-Cox power transformation via meta analysis


https://CRAN.R-project.org/package=AID
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data : leuk$wbc
lambda.hat : -0.05251743

Normality tests for transformed data (alpha = 0.05)

Test Statistic P.Value Normality
1 Shapiro-Wilk 0.9596797  0.2531485  Notreject
% Anderson Darling 0.3500850  0.4515463  Notreject
3 Jarque-Bera 0.9444637  0.6236089  Notreject

Here, lambda.hat is the estimate of A. After transformation, three normality tests assess the normality of
the variable. Since all p-values are larger than alpha, the normality of transformed white blood count is
suggested by Shapiro-Wilk, Jarque-Bera and Anderson Darling tests.

In boxcoxmeta function, lambda is the vector of plausible transformation parameter. This vector is fixed to -3:3
(with increment 0.01) as a default. The nboot argument is the number of non-parametric bootstrap samples.
Default is set to 100. The lambda? is the constant to add each value making them positive. The plot option
draws a figure given in Figure 2. Default is set to TRUE. The alpha argument is the significance level to check
whether normality holds or not after Box-Cox transformation. The alpha argument is set to 0.05 as a default.

Box-Cox transformation is used to transform non-normal variable to a normal one. Therefore, symmetric
confidence interval is not appropriate for non-normal data. After transformation, we calculated mean and
confidence interval for transformed data. After that, we back transform mean and confidence interval to
the original scale. For this reason, asymmetric confidence interval is appropriate for non-normal data. The
conflnt function is developed and released under AID package to obtain asymmetric confidence interval
since the original data is asymmetric. This function returns mean, lower confidence limit (LCL) and upper
confidence limit (UCL) for original scale of data.

R> confint(result, level = 0.95)

Back transformed data

Mean 2.5% 97.5%
leuk$wbc 13064.64 8148.229 21200.45

The usage of mean and confidence interval for such a non-normal data set sometimes becomes inappropriate.
We reported different usages of mean and confidence interval (CI) in Table 2 to emphasize the difference
among them.

In our case, the distribution of white blood count is positively skewed in original scale. Moreover, there
exist possible outliers at right tail of the data (Figure 2). Therefore, mean (2.5% - 97.5% CI) of white

Table 2

Difference among the usages of mean and confidence interval

Scale of data Mean LCL (2.5%) UCL (97.5%)
Original data 29165.15 16935.75 41394.56
Transformed data 7.47 7.18 7.76
Back transformed data 13064.64 8148.23 21200.45
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blood count moves to right. This does not reflect the central tendency of the data. For transformed data, the
distribution of the data is normal and confidence interval is symmetric; however, scale of the data is not
interpretable in clinic. For back transformed data, scale of back transformed data is same with original data.
Compared to LCL (2.5%), UCL (97.5%) is further to mean since the original data set is positively skewed.
Therefore, this usage reflects the central tendency of the data.

4. Conclusion

In this study, a novel technique for the estimation of Box-Cox parameter is proposed. Box-Cox
transformation parameter estimates are assembled via random effect model in meta analysis. We assemble
the estimates of the well performed six techniques proposed by Asar et al. (2017). These techniques include
use of normality tests, Cramer-von Mises, Shapiro—Wilk, Lilliefors, Anderson—Darling, Jarque—Bera and
Shapiro—Francia tests. For the estimation of Box-Cox parameter, we assemble not only all estimates by
these methods, but also all possible combinations (63 combinations) of estimates calculated by these six
methods.

We implement a simulation study. The combination of Shapiro—Wilk, Jarque—Bera and Anderson—Darling
tests performs well in most of the simulation scenarios. Therefore, we propose this combination. We call this
combination ensemble based Box-Cox transformation via meta analysis. Results show that our proposed
method seems to be more effective than other methods for estimating Box-Cox transformation parameter.
For an estimate closer to 0, the estimation based on Jarque-Bera and Shapiro-Wilk test might be preferable
when sample size is small.

The proposed method is released in AID R package under “boxcoxmeta” function. Its implementation is
conducted on data of leukaemia patients.
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Makale Tarihcesi Oz — Diinyanin %71'i denizlerle kaphdir. Denizcilik, sundugu ekonomik maliyetler nedeniyle ulus-
Génderim: 05.12.2021 lararas ticari tagimacilikta en ¢ok tercih edilen sektordiir. Enerji, tibbi ekipman, ilag, gida ve benzeri

hammadde ve tiriinlerin nakliyesi ¢ogunlukla deniz yoluyla yapilmaktadir. Bu ¢alismada; Denizcilerin
Kabul: 10.04.2022 bilgi birikimleri ile ¢alisma performanslart ve gemiye uyumlar arasindaki iligskinin incelenmesi amag-
Yayim: 25.09.2022 lanmaktadir. Bu amagla alaninda uzman kisiler tarafindan bir anket formu olusturularak 740 kisiye

gonderilmis ve 63 anket yanitlanmistir. Calismada SPSS 23 paket programi kullanilmistir. Baglica bul-
gular sunlardir; Denizcilerin egitim diizeylerinin ¢alisma performanslarini etkiledigi gozlemlenmistir.
Acil durumlara hazirlik role talimlerinde personel ve gorevlilerin performans not ortalamalarinin yiik-
sek oldugu goriilmiistiir. Tlgili kurslar1 basariyla tamamlamis ve ilk kez gemide galisan bir denizcinin
bilgisinin, performansini etkiledigi sonucu elde edilmistir. Uyum siirecinin yabanci bir denizcinin
performansini etkiledigi goriilmiistiir. Denizcilik egitimlerinin denizcilerin ¢aligma performansini ve
ilgili acil durumlarda sorumluluk duygularini arttirdig1 gériilmiistiir. Istatistiksel analizlerle tespit edi-
len durumlar i¢in gerekli oneriler ve tavsiyelerde bulunulmustur. Role talimi gibi hayati dnem tagiyan
egitimlerin etkisi belirlenmis ve egitimlerin ciddiyetinin korunmasi énerilmektedir. ilk kez gemide
gorev alacak olan personellerin ve yabanci uyruklu personellerin bilgi ve adaptasyonlarini arttiracak
etkinliklere onem verilmesi gerektigi onerilmektedir.
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equipment, medicine, food, and similar raw materials and products are mostly transported by sea. In
this study; it is aimed to examine the relationship between seafarers' knowledge, working performance,
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and sent to 740 people, and 63 questionnaires were answered. SPSS 23 package program was used in
the study. The main findings are as; it has been observed that the education level of seafarers affects
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performance. It has been seen that the adaptation process affects the performance of a foreign seafarer.
It has been observed that maritime training increases the working performance of seafarers and their
sense of responsibility in related emergencies. Necessary suggestions and recommendations were made
for the situations determined by statistical analysis. The effect of vital trainings such as role training has
been determined and it is recommended to maintain the seriousness of the trainings. It is suggested that
importance should be given to activities that will increase the knowledge and adaptation of the personnel
and foreign personnel who will be on the ship for the first time.
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1. Giris

Diinya’nin %711, kara alaninin yaklasik 2,5 kati okyanuslarla kaplidir (Bozkurt ve Arslan, 2017).
Denizler, tiim uluslarin birbirleriyle iletisim kurmalarini saglayan en 6énemli unsurlardir (Cetin, 2009).
Denizcilik, uluslararasi rekabet kosullarinin gegerli oldugu, yorucu calisma kosullarinin ve karada
calismaya nazaran ¢ok daha farkli ¢alisma ortamlarmin oldugu bir sektordiir (Parker, 2001). Diisiik
kalitede uyku, uzun ¢aligma saatleri, ¢calisma periyotlari arasindaki yetersiz dinlenme, asir1 ¢aligma yikd,
giiriiltii ve titresim, gece calisma durumlart denizcilerin mesleginin dogasinda vardir (Smith vd., 2006).
Diinya ekonomisinin saglikli gelisimiyle birlikte, ihtiya¢ duyulan enerji, hammadde gibi {irlinlerin ithalat
yoluyla temini olaganlasmustir (Unsan vd., 2007). Bunun yaninda deniz ticaretiyle gorevli gemiler, insan
ihtiyaclarina gore ¢esitlenmis; kuru yiik, konteyner ve tankerlerin yaninda, 6zel hizmet gemileri, feribotlar
ve yolcu gemileri gibi siniflarda diinya denizlerinde seyretmektedirler (Kaluza vd., 2010). Deniz ticaretinin,
diinya ulagim ve ticaretin artip gelismesine katki sagladigi sdylenebilir (Smil, 2007).

Covid-19 gibi diinyay1 sarsan bir pandeminin sonucu olarak 2019 yilina gére 2020 yilinda azalma olsa bile
yine de diinya ticaretinin yaklasik %90’lik kism1 gemiler tarafindan yiiriitiilmektedir (UNCTAD, 2020;
ICS, 2021). Denizcilik, birim nakliye maliyeti agisindan en avantajli tasimacilik tiirii olmakla birlikte,
ton-mil yiik basina da en avantajli tasimacilik tiiriidiir. Ornegin bir dokme yiik gemisinin tastyacagi 150
bin ton demirin tasimabilmesi i¢in 4.000 kamyona ihtiya¢ vardir (Demirci, 2019). Ham petrol, otomotiv
gibi biiyiik miktarlardaki devamli tagimalarin deniz yolu ile tasinmasinin daha pratik olmasi, tek seferdeki
tagima kapasiteleri, denizciligin 6nemini gozler oniine sermektedir (Gonel, 2013). Diinyanin en biiyiik filo
siralamasinda Tiirkiye 28,5 milyon DWT toplam kapasitesi ile ilk otuz iilke arasinda 15. sirada yer almaktadir
(UTIKAD, 2019). Diinya deniz ticaretinde, en yiiksek gemi tonajina sahip olan gemiler tanker gemileridir,
bu gemiler tasidiklar yiikler sebebiyle riskli olarak goriilmiis ve limanda kalis siireleri kisitlanmigtir. Demir
bolgeleri, bekleme yerleri, limanlar1 yerlesim yerlerine uzak olacak sekilde tasarlanmistir (Cémert, 2008).

Gemiler, faaliyetlerini yerine getirebilmek igin, insan giiciine ihtiya¢ duyarlar. Gemiadami, gemide geminin
tahsis edildigi amaci yerine getirmesinde dogrudan veya dolayli bir katki saglamak amaciyla o gemide
calisanlarin genel olarak adidir. Baltic and International Maritime Council (BIMCO) verilerine gore, 1,5
milyondan fazla insan gemi adami olarak diinya gemi filosunda ¢alismaktadir. Tiirkiye, 100 bini aktif, 170
bin gemiadami ile Cin’den sonra en ¢ok gemi adamu yetistiren iilke olarak belirtilmistir (BIMCO/ISF, 2010).
‘Aktif gemiadami’ terimi son 5 yil icerisinde liman ciizdanini yeniletmis gemi adam1 anlamina gelmektedir.
Tiirkiye Cumhuriyeti Ulagtirma ve Altyapt Bakanliginin yayimima gore 2020 yilinda 134.501 aktif gemiadami
vardir. Bunlarin 40.782’si zabitan siifiyken 93.719u giiverte smifidir (Goénel, 2013; T.C. UAB, 2020).

Gemilerde giinliik bakim-tutum ¢aligmalari, yanagsma-kalkma manevralar gibi temel gemicilik aktivitelerinin
yaninda, gemiadamlari siirekli can emniyeti riskleriyle de karsi karsiyadirlar (Fei ve Lu, 2015). Catma, oturma,
yangin gibi gemi biitlinlinii ilgilendiren durumlarin yani sira, gemi iginde yaganan ig kazalar1 denizciligin neden
tehlikeli is kollarmmdan oldugunu aciklar niteliktedir (T.C. UAB, 2002). Ayrica, gemilerdeki is kazalarmin
sonucunda ortaya ¢ikan 6liim oranlarinin, bazen oliimlerle sonuglanan korsan saldirilarinin da denizcilik
mesleginin ger¢eklerinden oldugu unutulmamalidir (Nincic, 2010). Gemide yasanan is kazalarina ¢gogunlukla
giiverte tayfalarinin giivertede calisirken maruz kaldigi belirtilmistir (Hansen vd., 2002).

Gerek calisma temposu ve gerekse karada ¢alisanlara nispeten farkli bir hayat tarzi ile denizcilik meslegi, hiyerarsi
gerektiren mesleklerdendir (Guo vd., 2006). Denizcilik, yasanan 6liimciil kaza ve yaralanma oranlariyla hata
kabul etmeyen bir is kolu olarak da nitelendirilmektedir (AMSA, 2010). Gemilerin neden oldugu kazalarin ¢ogu,
basta gemiadamlar1 olmak {izere insan kaynaklidir (Er, 2005). European Maritime Safety Agency (EMSA) nin
2014-2019 verilerine dayanarak hazirladig1 raporunda, denizde yasanan 1.801 kazanin %541 insan hatalarindan
kaynaklanirken, %28’1 sistem/ekipmandan kaynaklandig: belirlenmistir (EMSA, 2020).

Birlesmis Milletler (BM) ve Uluslararas1 Denizcilik Orgiitii (IMO) tarafindan deniz giivenligi ve
kazalara yonelik onlemler i¢in kurallar belirlenmis ve egitim standartlar1 olusturmuslardir (Sahin, 2021).
Uluslararas1 Denizcilik Orgiitii (IMO), insan faktorii kaynakli deniz kazalar1 sebebiyle elestirilmistir.
1993’te iiye iilkelerce desteklenen Deniz Emniyet Komitesi Gemiadamlarmin Egitim, Belgelendirme ve
Vardiya Tutma Standartlar1 (STCW) So6zlesmesinin detayli olarak gdzden gegirilmesine karar vermis ve
sonug olarak 1995 yilinda STCW Soézlesmesinin diizenlenmesi saglanmistir (Fuazudeen, 2008). Denizcilik
egitimi alaninda da IMO’da kabul edilen STCW en temel referans kaynak olup tiim denizcilik egitimlerinin
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ve gemiadami belgelendirmelerinin bu sozlesmeye uygun olmasi beklenmektedir. Egitimlerin asgari
kosullar1 IMO tarafindan STCW 78/95 kurallar1 dogrultusunda belirlenmis olup bu kapsamda 160°tan fazla
iilkenin 500’den fazla egitim kurumunun degisik egitim seviyesindeki kisilere degisik siirelerde denizcilik
egitimi verilmektedir (Ozcan, 2020). 21. yiizyilda tiim diinyada zabitan egitimi STCW 78/95’te éngoriilen
standartlari karsilamaya yonelik olarak tiniversite, akademi, fakiilte, enstitii, denizcilik boliimleri ve degisik
tipteki okullar tarafindan verilmeye baslanmistir (Oztiirk vd., 2020).

Gelisen egilimlere uygun olarak, gemilerde yiike gore yapisal farklilagsmaya gidilmektedir. Giintimiizde
tastyacaklart ytikler i¢in 6zel olarak {iretilen gemiler mevcuttur ve bu tiir gemilerde ¢alisacak gemiadamlarinin
donanimli ve tecriibeli olmalar igletmelerin 6nkosulu haline gelmistir. Bu nedenle nitelikli is giiciine her
zamankinden daha fazla ihtiya¢ duyulmaktadir (Pourzanjani vd., 2002). Yine bu durumla dogru orantili olarak
sektorde farkli gemi tiirlerinde, uzun yillardir ¢alisan gemiadamlarmin denizcilik firmalarinca tercih edildigi
de bilinen bir gergektir. Gemi ve personelin, denizcilik sektoriiniin en 6nemli {iretim faaliyetlerinden olmasi
nedeniyle gemilerde yer alacak gemi galisanlarin bilgi ve deneyimleri denizcilik sektoriindeki isletmelerin rekabet
edebilirligi ve devamlilig1 agisindan biiyiik 6neme sahiptir (Celik, 2014). Organizasyonu iyi olan diizenli firmalar,
gemiadamlarimi istthdam etmeden 6nce yalnizca STCW’ye uygun olarak diizenlenmis yeterlilik belgelerinin ve
sertifikalarinin var olup olmadigina bakarak gemiye atama siireci yapmamaktadirlar (Aydin, 1998).

Gilverte veya makine tayfasi 5 temel STCW sertifika yeterliligine sahip olmak igin her biri 18 saat olmak
iizere 90 saat temel sertifika egitimi almalidir. Toplamda mesleki egitim dersleri 180 saattir (T.C. UAB
2018). Kurslardan almaya hak kazanilan 5 temel sertifika; Denizde Kisisel Can Kurtarma Teknikleri
Egitimi, Yangin Onleme ve Yanginla Miicadele Egitimi, Temel ilkyardim Egitimi, Personel Giivenligi ve
Sosyal Sorumluluk Egitimi, Can Kurtarma Araglarin1 Kullanma Yeterligi Egitimi sertifikalaridir (STCW.
2017). Bir gemiadami, ¢alisacagi gemi tipine hususi olan sertifikalar1 (tanker, yolcu ve Ro-Ro gemileri gibi)
almak i¢in kendi istegi ile bir kursa gitmedigi takdirde meslek hayatinin sonuna kadar mesleki konularda
bir daha egitim almak mecburiyetinde degildir. Sadece alinan temel sertifikalar i¢in 5 yilda bir sertifika
yenileme sinavina girmek yeterlidir (Gonel, 2013). Gemilerde de yine mesleki egitimler devam etmektedir.
Bu sebepten dolay1 kurslar1 basariyla bitirip, gemiadami cilizdan1 almaya hak kazanmis bir denizcinin
alacagi egitimler gemi hayati siiresince devam eder demek yanlig olmaz.

Gemide verilen egitimler, emniyet ve giivenlige yonelik egitimler ve meslege yonelik egitimler olarak ikiye
ayrilir. Glivenlik ve emniyete yonelik egitimler role talimlerini ve gemide yapilan isin icerigini kapsar. Role
talimlerinde tiim gemiadamlariin gorevleri agikga belirtilir ve bu talimler gemiadamlarinin acil durumlara
hazirlandigi, belli periyotlarla yaptiklari egitimlerdir. Role talimleri tiim gemiadamlarinin katilimlariyla
gerceklesir. Denize adam diismesi, yangin, batma, ¢atisma, karaya oturma, denize yag veya petrol sizmtist,
diimen kilitlenmesi, gemiyi terk olarak bilinen role talimlerinde, gemiadamlarimin her birinin bu durumlarin
yasanma ihtimaline kars1, sorumluluklari belirlenmis ve olas1 kotii bir senaryoda bilingli bir sekilde gorevlerini
yerlerine getirmeleri, sorumluluklarinin farkinda olmalari amaglanir. Meslege yonelik egitim ise, gemide
kazanilan bilgi becerilerin yeni katilmis kisilere usta ¢irak iligkisi ¢ercevesinde aktarilmasidir (Cédmert, 2008).

Literatiirde gemiadamlarinin aldiklar1 egitim ve is siirecindeki ¢alisma performanslarina dair yapilmis ayri
ayr1 ¢aligmalar olsa da literatiirde yapilan bu ¢aligmadaki gibi gemiadamlarmin egitimleri, adaptasyonlart,
role talimindeki bilgi seviyelerinin performanslarini etkileyip etkilemedikleri gibi birlestirici, kargilagtirmali
bir ¢alisma olmamistir. Bu calismayla gemiadamlarinin egitim performans yoniinden karsilagtirilmasi
yapilarak literatiire katkida bulunulmustur. Bunun i¢in alaninda uzman kisilerin goriigsleri dogrultusunda
anket formlar1 hazirlanarak gemi kaptanlarina gonderilmistir. Anketlerden elde edilen verilere SPSS 23
paket programu ile istatistiksel testler uygulanarak sonuglar elde edilmistir.

2. Literatiir Taramasi

Kimyasal tanker gemiler tehlikeli, zehirli siv1 yilikleri limanlar arasinda tasiyan gemilerdir. Tasidiklart
yliklerin tehlikeli yiik sinifina girmesi, ¢alisan gemiadamlarinin da farkindalik seviyelerinin yiiksek olmasini ve
bu gemilerdeki ¢alisma kosullarina yonelik egitimler almalarimi gerektirmektedir. Literatiirde gemiadamlariin
aldiklar1 egitimler ve bu egitimlerin gelistirilmesi ile ilgili ¢esitli arastirmalar yapilmstir. (Asyali vd., (2004)
ISO Kalite Yonetim Sistemi (KYS) nin, STCW Kod A-1/8 gereklerini de kapsayacak sekilde aktif egitimle
entegrasyonundan olusan, egitimde toplam kalite yonetiminin olusturulmasi deneyiminin paylasilmasina
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yonelik yaptiklar1 ¢alismada; bir yiiksekogrenim siireci olarak giliverte 6grencilerinin egitiminde andragojik
ogrenme ilkelerinin géz 6niine alinmasinin, aktif egitimde iist diizey kalitenin olusturulmasinda 6nemli bir
gereklilik oldugu belirtilmistir. Diger bir goriise gére gemiadamlar kiiresel ihtiyaca gore yetistirilmelidir.
Dil yeterliligi, mesleki yeterlilik konusunda eksiklerin giderilmesi i¢in diizenlemeler, ¢alismalar yapilmalidir.
Boylelikle yeni yetisen gemiadamlari cok uluslu gemilerde, sirketlerde giiniimiiz denizcilik kiiltiiriine
uyum saglayacak bir programla egitilmis olacaktir. Stirekli egitim merkezleri ile gemiadamlarinin gelisimi
desteklenmelidir. Ozel istihdam biirolar1 gemiadamlari icin siirekli egitim modelleri gelistirebilir, aday bulma
secme ve yerlestirme islemlerinin yapilmasinda dogru ise dogru gemiadaminin yerlestirilmesi siirecine
gemiadamimin siirekli egitimi araciligryla basarili bir sekilde katki sunabilir (Muslu, 2018).

Tiirkiye’de gemi zabitlerinin aldiklar1 egitimler arastirildiginda lisans diizeyinde faaliyet gosteren denizcilik
okullarinda 149 akademisyenin gorev aldigi goriilmiistiir ve bu akademisyenlerden 46°s1 denizcilik lisans
egitimi almisti. MEB’e bagl okullarda ise 83 egitimciden 56’s1 denizci egitimci olarak nitelendirilmekteyken
bu egitimcilerin %42’si Balik¢ilik Teknolojisi Miithendisi boliimii lisans mezunu iken %12’si Deniz Ulastirma
ve Isletme Miihendisligi, %2’si Gemi Makineleri Isletme Miihendisligi mezunudur. incelemelerde %68’inin
herhangi bir gemi adami yeterliligi olmadig1 goze carpan bu egitimcilerin, %1°1 uzakyol kaptan, %12’sinin
uzakyol vardiya zabiti ve %3 {inlin uzakyol vardiya miihendisi oldugu goriilmiistiir. Yaklasik 1000 adet fakiilte
veya yiiksekokul dgrencisi oldugu diistiniildiigiinde, her bir 6gretim elemani basina yaklasik 4 6grenci ve her
denizci kokenli 6gretim elemani bagina 22 &grenci diistiigii goriilmektedir (Oztiirk vd., 2020).

Denizde ¢alisma kosullari, gemilerdeki is yiikii ve ¢alisma ortamlariin gemiadamlari iizerindeki olumsuz
etkileri arastirildiginda, 1999-2008 yillar1 arasinda mezun olmus Dokuz Eyliil Universitesi Denizcilik
Fakiiltesi Deniz Ulastirma ve Isletme Miihendisligi Boliimiinden mezun olan uzakyol vardiya zabitlerine
yonelik bir c¢alismada, “bol kazangli bir meslek olmasi” denizcilik meslegini se¢gme nedenlerinin
basinda oldugu goriilmiistiir. Bir diger gdze ¢arpan durum ise biiylik bir oranin denizdeki kariyerlerini
sonlandirmadan 6nce Uzakyol Kaptan yeterliligine ulasmay1 hedefledikleridir. Olumsuz etkenlerin ise
gilinden giine artan ig stresi, aileden uzak kalma, limandaki kisitl: siire, is ylkiiniin fazlaligi, denetimlerin
artmasi ve sorumluluklarin artmasi oldugu goriilmistiir (Késeoglu vd., 2015).

Gemilerde 6liimlii is kazalari karadaki is kazalarinanazaran 10 kat daha fazladir. Aragtirmalarda is kazalarimin
en yogun yasandig1 yerler gemilerin giiverteleriyken is kazalarindan en ¢ok giiverte tayfalarinin etkilendigi
goriismistiir. 1986-1995 yillar1 arasinda Hong-Kong bayrakli gemilerde meydana gelen kazalarda liim
vakalarimin sayis1 123 olarak tespit edilmistir ve %56,1°1 deniz kazalar1 sonucunda yasanirken %17,1°1
hastaliktan, %10,6’s1 bireysel meslek kazasi sonucu, %7,3’ii denizde kaybolma, %3,3’i cinayet, %3,3’li de
intihar olarak belirlenmistir (Nielsen, 1999).

Literatiir incelemesi yapilmis ve gemiadamlarmin aldiklari egitimlerin ve bu yondeki tavsiyelerin yaninda
gemideki caligma kosullart ve is kazalarina yonelik ¢calismalarin oldugu goriilmiistiir. Bu ¢alismada kimyasal
tankerlerde calisan gemiadamlarmin gemi kaptanlar1 tarafindan degerlendirildigi anketler iizerinden
SPSS ile analizler gerceklestirilmistir. Analizlerde gemide ¢alisan gemiadamlarinin egitim, performans
ve sorumluluk diizeyleri arasindaki etkiler arastirilmistir. Egitim seviyelerinin performansa etkisi, role
talimlerindeki seviyelerinin tespiti ve performansa etkisi, ilk defa ¢aligan gemiadamlarinin egitim bilgileri
ve performanslarinin belirlenmesi i¢in istatistiksel analizler gergeklestirilmistir. Ayrica yabanci personellerin
adaptasyonlarinin role talim performanslarinin ve sorumluluklarinin etkilenip etkilenmedikleri aragtirtlmstir.

3. Yontem

Calismanin amaci kimyasal tankerlerde ¢alisan gemi ¢alisanlari, gliverte zabitleri ve makine zabitlerinin
aldiklar1 role talimlerinin uygun istatistiksel analizlerle belirlenmesidir. Caligmada, SPSS 23 paket programi
kullanilmistir. Toplanilan veriler i¢in tanimlayict istatistikler ve frekans analizinden sonra verilerin tiirii ve
dagilim tipine uygun olan testler uygulanmistir. Caligmanin hazirlik asamasinda belirlenen hipotezlere gore
gerekli karsilastirma ve iligki testleri ile analizler yapilmis ve sonuglart yorumlanmustir.

3.1. Veri Toplama

Arastirmanin konusu itibariyle gemiadamlarinin degerlendirilmesine yonelik yapilacak istatistiksel analiz
icin Google formlar araciligiyla anket formu tasarlanmistir. Anket formlari, kurumlarin, gemi personellerini
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degerlendirebilmeleri i¢in Karadeniz Teknik Universitesi Deniz Ulastirma Isletme Miihendisligi Mezunlar
Dernegi (KTUDUIMMD) ve Kilavuz Kaptanlar Dernegi iizerinden kimyasal tanker gemilerinde gérev
yapan kaptanlara ydnlendirilmistir. Bu iki dernekten sadece KTUDUIMMD araciligi ile anketlere yanit
verilmistir. Anketler 740 kisiye iletilmis sadece 63 yanitlanan anket formu olmustur. Anket sonuglari analiz
edilirken %90 giivenilirlik seviyesinde %10’luk hata pay1 ile gergeklestirilmistir.

3.2. Veri Analizi

Toplanilan verilerle betimsel istatistikler gerceklestirilmis, dagilimlar1 kontrol edilmistir. Elde edilen
verilerin normal dagilim gostermeleri uygulanacak testin se¢ciminde 6nemli rol oynamaktadir. Verilerin
boyutunun 30’dan biiyiik olmasi, normal dagilmis olmasi ve homojen olmasi halinde parametrik testlerin
uygulanmasini gerektirecektir. Dagilimin normal olup olmadigina karar vermek i¢in basiklik (kurtosis) ve
carpiklik (skewness) degerlerine bakilmistir. Bu degerlerin +/-2 arasinda olmasi halinde verilerin normal
dagilim gosterdikleri sonucuna varilmistir (Bhattacharya ve Habtzghi, 2002).

Hipotezlere uygun olarak skorlastirilmis degiskenler segilerek uygun testler uygulanmistir. Degiskenleri
nicellestirebilmek igin dncelikle SPSS 23 paket programinda ilgili degiskenler secildikten sonra skor
hesabi1 yapilarak nicel veri elde edilmistir. Toplanilan verilerin normal dagilim gostermeleri ve kategorik
degiskenlerin skor hesabi yapilarak nicel veri tipine doniistiiriilmesi nedeniyle bagimsiz degiskenlerde
t-Testi ve regresyon testleri uygulanmistir.

Test sonuglariin anlamli olup olmadiginin kararia anlamlilik diizeyine yani p degerine bakilarak karar
verilmistir. p degeri, anlaml bir farklilhigin var olmasmin ve kanit seviyesinin belirlenmesi amaci ile
kullanilmistir. p degerini 0,05 (p<0,05) olarak baz alip analizlere karar verilmistir (Kul, 2014). p degerinin
yorumlanmasi Tablo 1’e gore yapilmistir (Rosner, 2010).

Tablo 1

p deger araliklarinin yorumlanmast

p Degeri Yorumu

p<0,001 Cok yiiksek diizeyde istatistiksel anlamlilik

0,001<p<0,01 Yiiksek diizeyde istatistiksel anlamlilik

0,01<p<0,05 [statistiksel anlamlilik

0,05<p<0,10 Anlamlilik egilimi (smirda anlamlilik)

p>0,10 Fark tesadiifen ileri gitmistir (istatistiksel olarak anlamli farklilik saptanmamuistir)
4. Bulgular

Tiirk gemilerinde gemiadamlarinin performans ve egitimlerinin degerlendirilmesine yonelik hazirlanmig
anket verilerinin SPSS paket programinda analizi gerceklestirilmistir. Anket katilimcilar tarafindan her
bir soruyu 1 ile 10 arasinda degerlendirebilecegi sekilde hazirlanmistir. Anketin dogru bir analizden
gecirilebilmesi i¢in kesifsel faktor analizi yapilmistir. Tablo 2’de ifade edilen Kaiser-Meyer-Olkin (KMO)
test sonucu ve Bartlett’in Kiiresellik test sonucuna gore faktor analizine uygun verilere sahip bir anket
oldugu belirlenmigtir. SPSS’teki ismiyle Ac¢iklanan Toplam Varyans tablosunda 6 faktdr olusmus ve
faktorlerin varyans toplami 75,804 olarak hesaplanmistir. Varyans toplamimin 50’den biiyiik olmasindan
dolay1 olusan faktorlerin anlamli oldugu sonucuna varilmistir. Boylece kesifsel faktor analizi sonucuna
gore sorulan 40 sorunun 6 alt boyut igerdigi sonucuna varilmistir.

Olusturulan anket genel olarak Cronbach’in Alpha test sonucuna gore %95 giivenilirlik ile yiiksek seviyede
bir giivenilirlikle tamamlanmistir. Anketteki sorularin faktor bazli giivenilirlikleri Tablo 3’te gosterilmistir.
Giivenirlik katsayilar1 0,75 ve 0,97 arasinda degismekte olup, tiim faktorlerin giivenirlik oranlarinin kabul
edilebilir deger olan 0,70’ten biiyilik olmas1 nedeniyle hazirlanan anket 6l¢eginin giivenilir oldugu sonucuna
varilmistir.
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Tablo 2
Kaiser-Meyer-Olkin (KMO) ve Bartlett Test Sonuglari

Kaiser-Meyer-Olkin Ornekleme Yeterliliginin Olgiisii 0,758

Bartlett’in Kiiresellik Testi Yaklasik Ki-Kare Degeri 2399,379
df 595
Onemlilik ,000

Bu ¢aligmadaki amacin ¢oziimiine yonelik analiz ve inceleme yapilmasi i¢in; eldeki veriler, uzman goriisleri ve
literatiir taramasi nihayetinde yazarlar tarindan literatiire katki sunabilecegi diisiiniilen 6 hipotez belirlenmistir.

H,: Calisan gemi adamlarinin egitim diizeyinin galigma performansini agiklayiciligi yiiksektir.

H,: Role talimlerinde gorev alan gemi zabitleri, giiverte ¢alisanlarina gore performanslari yiiksektir.

H,: Role talimlerinde yer alan gemi zabitlerinin ortalamalari yiiksektir.

H,: Gemiadamlarinin role talimlerine yonelik bilgilerinin sorumluluk seviyelerini agiklamaktadr.

H.: [k defa gorev alan gemiadamlarinin bilgileri performanslarini etkilemektedir.

H,: Yabanci personellerin adaptasyonlari role talim performanslari ve ¢aligma performanslarini etkilemektedir.

Tablo 3

Gtivenilirlik analizi sonucu belirlenen degiskenler ve Cronbach’in Alpha degerleri

Degiskenler Cronbach’in Alpha
Sirketin verdigi egitimler 0,97
Yabanci ¢alisanlar 0,92
Gemide ilk kez calisanlar 0,88
Emniyet ekipmanlarimin kullanimi 0,83
Caliganlarin performansi 0,82
Calisanlarin egitimlerinin degerlendirilmesi 0,75

4.1. gllil(ip;)(tezi; Calisan Gemi Adamlarimin Egitim Diizeyinin Calisma Performansini A¢iklayiciligi
iiksektir

Tablo 4’e bakildiginda basiklik ve carpiklik degerlerinin +/-2 arasinda deger almis olmasi testlerde
kullanilacak degiskenlerin normal dagildigini gostermektedir. H, hipotezi i¢in kullanilan iki degiskende
normal dagilim gosterdikleri i¢in regresyon analizi uygulanmustir.

Sekil 1 ve Sekil 2’deki grafiklere bakildiginda da verilerin normal dagilim gosterdigi gozlemlenebilmektedir.
Veri tipine uygun olan teste karar verilmis olup Regresyon analizi gerceklestirilmistir. Tablo 5’te regresyon
analizi uygulanmig hipotezlerin sonuglarina yer verilmistir. H, hipotezi igin uygulanan regresyon
analizine gore R’ degerine bakildiginda kurulan modelin agiklayiciliginin %61 oldugu bulunmustur.
Yani gemiadamlarinin performanslarinin %61’inin egitim diizeyine bagli oldugu sonucuna varilmistir.
Gemiadamlarinin aldiklar1 egitimlerin performanslarini agiklayiciligi 6nemlilik derecesine gore 0,05
degerinden daha diisiik bir deger almistir. Olusturulan modele gére gemiadamlarinin egitim diizeyleri
performanslarii agikladig: belirlenmistir. B Katsayisinin 0,669 oldugu ve katsayinin énemlilik degerinin
0,05°ten diisiik olmasi model i¢in kullanilabilir oldugu anlasilmistir.

4.2. H, Hipotezi; Role Talimlerinde Gorev Alan Gemi Zabitleri, Giiverte Cahisanlarina Gore
Performanslan Yiiksektir

Ankette giliverte calisanlart ve zabitler i¢in role talimlerinin her biri ayr1 ayr1 sorulmustur. Role
talimlerine katilan giiverte ve makine zabitlerinin gemi ¢alisanlar1 ile aralarindaki farkin analizinden 6nce
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Tablo 4
Hipotezlerdeki degiskenlerin yigilma ve carpiklik degerleri

Basikhik Carpikhk
Gemiadamlarmin Egitim Degerleri -0,347 0,222
Gemiadamlarmin Performans Degerleri 1,069 -0,705
Role Talimi Alan Gemiadamlarinin Skorlari -0,489 -0,112
Role Talimi Alan Zabitlerin Skorlar1 -0,474 -0,171
Role Talimi Sorumluluk Seviyesi -0,290 -0,109
Role Talimi Bilgi Seviyesi -0,602 -0,153
[k Kez Calisanlarin Egitim Seviyesi 1,273 0,787
[Ik Kez Calisanlarin Performans Seviyesi 0,398 0,138
Yabanci Uyruklulari Adaptasyon Seviyesi 1,524 -0,699
Yabanci Uyruklulari Performans Seviyesi 1,310 -0,964
Tablo 5
Hipotezler i¢in Regresyon analizlerinin sonuglari
Hipotezler R’ Modelin Onemlilik Beta (B) Katsayilar
Degeri Katsayist t Degeri _ Katsayilarm
Onemlilik Degeri

H, 0,613 0,000 0,669 6,062 0,000

H, 0,923 0,000 0,932 27,035 0,000

H 0,519 0,000 0,705 7,196 0,000

H, 0,707 0,000 0,853 9,184 0,000

verilerin dagilimi1 gorsellestirilmistir. Tablo 4’e bakildiginda basiklik ve carpiklik degerlerinin +/-2 arasinda
deger almis olmasi test edilen iki degiskenin normal dagildigin1 gostermektedir. Sekil 3 ve Sekil 4’teki
grafiklere bakildiginda verilerin normal dagilim gosterdigi gozlemlenebilmistir.

Role talimlerini alan ¢alisanlar gemi zabitleri ve gemi ¢alisanlari olmak iizere gruplandirilmistir. Bu gruplarin
performanslarinin istatistiksel olarak anlaml1 diizeyde farklilik gosterip gostermedigi arastirilmistir. Bunun
icin “bagimsiz iki 6rnek i¢in t-Testi” uygulanmistir. Sonuglar incelendiginde zabitler ve gemi ¢alisanlariin
role talimi performanslart bakimindan 6nemli bir farklilik gdstermedigi sonucuna varilmistir. Cilinki
hesaplanan p degeri 0,340 olarak hesaplanmistir. Bu deger 0,05 olarak kabul ettigimiz p degerinden oldukca
yiiksektir. Dolayisiyla zabitlerin role talim performanslarinin gemi c¢alisanlarinin performanslarindan
yiiksek oldugu hipotezi reddedilir. Aralarinda farklilik olmadig1 sonucuna varilmaistir.

4.3. H, Hipotezi; Role Talimlerinde Yer Alan Gemi Zabitlerinin Ortalamalar Yiiksektir

Analize baglamadan 6nce kullanilacak olan degiskenin normal dagilip dagilmadiginin kontrol edilmesi
gerekmektedir. Kullanilan degigken role talimi alan gemi zabitleri oldugu icin Tablo 4’te ¢carpiklik basiklik
degerlerinden ve Sekil 4’teki grafikten normal dagilim gosterdigi sonucuna varilmaktadir.

Hipotez 2’de uygulanan “bagimsiz Ornekler igin t-Testi” role talimi alan gemi zabitlerinin
degerlendirilmelerinin ortalamadan farkli olup olmadigin1 dlgmek i¢inde kullanilmistir. Ortalamadan
diisiik yapilan degerlendirmelerin sayisi 6 iken ortalamadan yliksek deger alan zabitlerin sayis1 57°dir. Bu
farkin istatistiksel olarak anlamli olup olmadig1 arastirilmistir. Test sonucuna gore p degeri 0,001 olarak
bulunmustur. Bu deger kabul edilen 0,05 p degerinden diisiik olmasi kurulan hipotezin kabul edilmesi
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Sekil 1. Gemiadamlarinin egitim skorlariin normal dagildigini gdsteren histogram grafigi
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Sekil 2. Gemiadamlariin performanslariin normal dagildigini gosteren histogram grafigi
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Sekil 3. Role talimindeki gemi ¢aliganlariin skorlarinin histogram grafigi

479



Journal of Advanced Research in Natural and Applied Sciences 2022, Cilt 8, Say1 3, Sayfa: 472-484

Histogram — Normal

Mean = 7,04
Stad. Dev. =1,317
M =83

12,5

10,0

7.5

Frekans

0,0—

4,00 5,00 §,00 7,00 3,00 9,00 10,00

Zabitelerin Réle Talimlerindeki Skorlan

Sekil 4. Role talimindeki gemideki zabitlerin skorlarinin histogram grafigi

anlamina gelmektedir. Yani gemi zabitlerinin role talimindeki performanslari ortalamadan yiiksektir
sonucuna varilmistir.

Hipotez 2°de role talimi alan gemi zabitleri ile giiverte ¢alisanlari arasinda bir fark olmadig1 anlasiimist.
Hipotez 3’teki analizde ise gemi zabitlerinin aldiklar role talimleri i¢in yapilan degerlendirme sonuglarinin
ortalamadan yliksek olup olmadig1 incelenmistir ve talimleri yiiksek performansla bitirdikleri belirlenmistir.

4.4. H, Hipotezi; Gemiadamlarinin Role Talimlerine Yonelik Bilgilerinin Sorumluluk Seviyelerini
Aciklamaktadir.

Gemiadamlarina verilen role talimleri sonucunda alinan egitimin sorumluluk diizeyini ne derece artirdig1
veya acikladig1 aragtirllmistir. Calisanlarin 1°den 10°a kadar degerlendirildigi anket sonuglart 4 guruba
ayrilmistir. 1-2,5 skorlan 1, 2,5-5 skorlar1 2, 5-7,5 skorlar1 3, 7,5-10 skorlar1 4 olarak gruplandirilmistir.
Tablo 6’daki ¢apraz tabloya bakildiginda ¢alisan role talimi bilgisi 2 olan 7 kisinin sorumluluk seviyeleri 5
kisinin 2 2 kisinin 3 olarak puanlanmis. Bilgi seviyesi diisiik olan kisilerin sorumluluk diizeylerinin de diisiik
oldugu anlasilmaktadir. Bilgi seviyesi 4 olan 26 kisinin 6’s1 3, 20°si 4 puan almig oldugu goriilmektedir.
Role talim bilgi seviyesi artan kisilerin sorumluluk seviyelerinin de artmis oldugu anlagilmaktadir.

Tablo 6

Role talimi sorumluluk skorlar1 * role talimi bilgi skorlari ¢apraz tablosu

Role Talimi Bilgi Skorlar1

2 3 4 Toplam
Role Talimi Sorumluluk 2 5 1 0 6
Skorlar1 3 2 28 6 36
4 0 1 20 21
Toplam 7 30 26 63

Tablo 6’dagoriilen bu degisimlerin rastlanti m1 yoksa istatistiksel anlamda bir farklilik m1 oldugunun analizi
gercgeklestirilmistir.

Tablo 4’te role talimi alan gemiadamlarinin sorumluluk ve bilgi skorlariin normal dagilip dagilmadiklari
basiklik ve carpiklik degerleri ile kontrol edilmis ve +/-2 degerler araliginda sonuglar alinmis olmasi normal
dagildiklarini gostermektedirler. Boylece parametrik testlerin uygulanmasina karar verilmistir.

Role talimi alan gemiadamlarimin bilgisinin sorumluluk seviyelerini ne diizeyde agikladiginin, etkilendiginin
aragtirilmast yapilmisti. Bunun igin veri tipine ve dagilimina uygun olarak lineer regresyon yapilmustir.
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Yapilan regresyon analizinde Tablo 5’teki degerine bakildiginda kurulan modelin agiklayiciliginin %92 oldugu
bulunmustur. Yani gemiadamlarinin sorumluluk seviyelerinin %92’sinin role talimi alan gemiadamlarmim bilgi
diizeyine bagli oldugu sonucuna varilmisti. Gemiadamlarmm aldiklart role talimlerindeki bilgi diizeyinin
sorumluluklarint agiklayiciligi 6nemlilik derecesine gore 0,05 degerinden daha diigiik bir deger almustir.
Olusturulan modele gore role talimi alan gemiadamlarmim bilgi seviyelerinin artmasi veya azalmasi sorumluluk
seviyelerini agikladig1 belirlenmistir. B katsayis1 0,932 olarak hesaplanmis ve katsaymin énemlilik degerinin
0,05°ten diisiik olarak tespit edilmistir. Sonug olarak model i¢in kullanilabilir bir katsay1 oldugu anlasilmistir.

4.5. H, Hipotezi; iIk Defa Gorev Alan Gemiadamlarinin Bilgileri Performanslarim Etkilemektedir

[Ik defa denizde gorev alan gemiadamlarinin bilgi seviyelerinin denizde aldiklari gérevlerindeki
performanslarimi etkileyip etkilemedikleri aragtirilmistir.

Calisanlarin 1’den 10’a kadar degerlendirildigi anket sonuglar1 4 guruba ayrilmistir. 1-2,5 skorlan 1,
2,5-5 skorlart 2, 5-7,5 skorlar1 3, 7,5-10 skorlar1 4 olarak gruplandirilmistir. Tablo 7’deki gapraz tabloya
bakildiginda egitim skorlar1 1 olan kisilerin performansi 2 olarak puanlanmis, egitim skoru 4 olarak
puanlanan kisilerin performanslart 3 ve 4 olarak puanlanmiglar. Egitim seviyesinin diigiitk ve yiiksek

degerlerine gore performans seviyelerinin de degistigi gdzlemlenmektedir.

Tablo4’te basiklik ve carpiklik degerlerinin +/-2 degerleri arasinda olmasinin egitim ve performans degiskenlerinin
normal dagilim gosterdikleri anlasiimaktadir. Boylece parametrik testlerin uygulanmasina karar verilmistir.

[lk defa gemiye cikan gemiadamlarinin bilgi diizeylerinin performans seviyelerini ne diizeyde
acikladiginin, etkilendiginin arastirilmasi yapilmistir. Yapilan regresyon analizinde Tablo 5’teki R’ degerine
bakildiginda kurulan modelin agiklayiciliginin %52 oldugu bulunmustur. Yani ilk defa gemide gorev alan
gemiadamlarinin performanslarmin %52 ’sinin bilgi diizeyine bagli oldugu sonucuna varilmistir. Tablo 5’te
modelin dnemlilik degerinin 0,05°ten diisiik olmas1 olusturulan modelin anlamli oldugu yoniindedir. Yani
ilk defa gemide gorev alan gemiadamlarimin egitim seviyelerinin performanslarini acikladigi sonucuna
vartlmistir. B Katsayisinin 0,961 oldugu ve katsaymin dnemlilik degerinin 0,05’ten diisiik olmasi model
icin kullanilabilir bir katsay1 oldugu anlagilmistir. Tablo 7’de gdzlemlenilen ilk defa denizde gorev alan
gemiadamlarinin bilgi seviyelerinin artmasi veya azalmasi performans seviyelerini agiklamaktadir.

Tablo 7

[k kez denizde gorev alan gemiadamlarinin egitim skorlari ile performans skorlar1 capraz tablosu

Egitim Skorlari

1 2 3 4 Toplam
1 0 1 0 0 1
2 2 20 2 0 24
Performans Skorlar1 3 0 1 9 ) 51
4 0 2 0 2 4
Toplam 2 34 11 3 50

4.6. H, Hipotezi; Yabanci Personellerin Adaptasyonlari Role Talim Performanslar: ve Calisma
Performanslarim Etkilemektedir

Yabanci uyruklu gemiadamlarinin adaptasyonlarinin denizdeki ¢aligmalarini ve role talimlerindeki
performanslarini etkileyip etkilemedigi arastirilmistir.

Calisanlarin 1°den 10’a kadar degerlendirildigi anket sonuclari 4 guruba ayrilmistir. 1-2,5 skorlari 1,
2,5-5 skorlar1 2, 5-7,5 skorlar1 3, 7,5-10 skorlar1 4 olarak gruplandirilmistir. Tablo 8’deki gapraz tabloya
bakildiginda egitim skorlari 1 olan kisilerin performansi 1 olarak puanlanmis, egitim skoru 4 olarak puanlanan
kisilerin performanslar1 3 ve 4 olarak puanlanmislar. Egitim seviyesinin diisiik ve yiliksek degerlerine gore

performans seviyelerinin de degistigi gozlemlenmektedir. Tablo 8’de goriilen bu degisimlerin rastlantt m1
yoksa istatistiksel anlamda bir farklilik m1 oldugunun analizi gergeklestirilmistir.
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Tablo 8

Yabanc1 uyruklu gemiadamlariin adaptasyon skorlari ile performans skorlari ¢apraz tablosu

Adaptasyon Skorlari

1 2 3 4 Toplam
1 1 0 0 1
2 0 3 6 0 9
Performans Skorlar1
3 0 1 17 3 21
4 0 0 2 4 6
Toplam 1 4 25 7 37

Yabanci uyruklu gemiadamlarin adaptasyonlarimin performanslarina etki edip etmedigi veya ne
diizeyde etki ettiginin arastirilmasi gerceklestirilmistir. Bunun i¢in veri tipine ve dagilimina uygun
olarak lineer regresyon yapilmistir. Yapilan regresyon analizinde Tablo 5’teki degerine bakildiginda
kurulan modelin agiklayiciliginin %70 oldugu bulunmustur. Yani gemideki yabanci uyruklu
gemiadamlarinin performanslarinin %70’inin adaptasyonlarina baglh oldugu sonucuna varilmistir.
Tablo 5’te modelin 6nemlilik degerinin 0,05’ten diigiik olmast olusturulan modelin anlamli oldugu
yoniindedir. Yani yabanci uyruklu gemiadamlarinin adaptasyonlarinin performanslarint agikladigi
sonucuna vartlmistir. f Katsayisinin 0,853 oldugu ve katsayinin énemlilik degerinin 0,05’ten diisiik
olmasi model i¢in kullanilabilir bir katsay1 oldugu anlasilmistir. Yani Tablo 8’de gdzlemlenen yabanci
uyruklu gemiadamlarinin adaptasyon seviyelerinin artmasi veya azalmasi performans seviyelerini
aciklamaktadir.

5. Sonuclar

Yapilan literatlir arastirmasinda gemiadamlarinin yetistigi egitim kurumlari, ¢alisma ortamlari,
gemide yasanan kazalar ve nedenleri ile ilgili ¢aligmalarin oldugu goriilmiistir. Bu calismada
literatiirden farkli olarak kimyasal tanker gemilerinde elzem olan egitim ekipmanlarinin kullanimi
noktasinda gemiadamlarinin yeterlilikleri istatistiksel olarak kapsamli bir sekilde analiz edilmistir.
Bu amaglarla kimyasal tanker gemilerinde gorev alan giiverte zabitleri, makine zabitleri, gemi
caliganlari, ilk kez gorev alan gemiadamlar1 ve yabanci personellerin, egitimleri, adaptasyonlari, role
talimindeki bilgi seviyeleri ve performanslarina yonelik yapilan analizlerle istatistiksel bir ¢alisma
gerceklestirilmistir. Istatistiksel testleri analiz etmek i¢in SPSS 23 paket programi kullanilmistir.
Yapilan ¢alismada istatistiksel kurallara uygun olarak bagimsiz 6rnekler i¢in t-Testi ve regresyon
analizi uygulanmistir. Calisan gemiadamlarinin egitim diizeyinin ¢aligma performansinin agiklayici
oldugu kanitlanmistir. Yani yiiksek seviyede verilecek egitimler gemilerde dogrudan calisanlarin
performanslarina yansimakta oldugu belirlenmistir. Gemilerde ise alimlar i¢in dikkat edilmesi
gereken bir faktor olarak egitim seviyesine yer verilmesi onerilmektedir. Role talimlerinde gorev
alan gemi zabitlerinin performans ortalamalarinin yiiksek oldugu belirlenmistir. Yiiksek performansa
sahip zabitanlar ile giiverte ¢alisanlarinin performanslar1 karsilastirildiginda bir farklilik olmadig:
sonucuna varilmistir. Iki sonug beraber diisiiniildiigiinde giiverte calisanlarinin da performans olarak
yiiksek seviyede olduklari anlagilmaktadir. Role talimlerinde verilen yangin, gemi terk ve denize
adam diistii talimlerinin gemiadamlar1 {izerinde etkili oldugu ve sorumluluk sevilerinde anlamli bir
etki olusturduklart kanitlanmistir. Role egitimlerinin 6zenli bir sekilde yapilmasina dikkat edilmesi
gerektigi onerilmektedir. Kimyasal tankerler gibi riskli ¢caligma ortamlarinda risk unsurunu azaltmak
onemli olacagl goz oOniine alindiginda ilk kez gemiye c¢ikan gemi adamlar1 ve yabanci uyruklu
gemiadamlari iizerine yapilan g¢alismalarda yabancilar igin adaptasyon, ilk kez gemide calismaya
baslayanlar i¢in bilgi seviyelerinin artmasi veya azalmasi performanslarini etkiledikleri saptanmistir.
Risk unsurunu azaltma noktasinda dikkat edilmesi gerektigi sonucuna varilmistir. ilk kez gemide
gorev alacak olan personellerin ve yabanct uyruklu personellerin bilgi ve adaptasyonlarini arttiracak
etkinliklere 6nem verilmesi gerektigi onerilmektedir. Bu ¢aligsma spesifik bir konu olmasi nedeniyle az
sayida katilimciyla gergeklestirilmis olmasi bir kisit olarak gdriilmiistiir.
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1. Introduction

With the rapid popularization of wireless communication devices, the spectrum regulation for wireless
data transmission need to be further improved. Due to the limited wireless channel sharing, it is expected to
emerge new transmission links in the wireless data transmission (Chen, Zhang, Hsu, & Chang, 2020). With
the continual technological advances in semiconductor devices such as white light-emitting diode (LED), it
is claimed that optical communication systems such as visible light communication (VLC) will overcome
the limited communication capacity by integrating Radio Frequency (RF) systems (Kiigiik, Msongaleli,
Akbulut, Kavak, & Bayilmis, 2021; Vats, Aggarwal, & Ahuja, 2019; Alnwaimi & Boujemaa, 2021;
Kamat, Khosla, & Narayanamurti, 2020). Even though VLC exhibits many solutions for future integrated
communication links, there are still essential technical challenges in nowadays.

It has been proposed the several dimming methods to regulate the LED brightness in the literature since the VLC
provide both lighting and data transmission at the same time (Lee W.-C. and Kwon M.-J., 2020; Yawale P., Wagh
V.. and Shaligram A., 2019; Guo J.-N., Zhang J., Zhang Y.-Y., Xin G., and Li L., 2021; Das B., Bardhan S., Maity
T., and Mazumdar S., 2020). For the adjusting the LED brightness, the candidate dimming techniques can be
grouped into two general categories, these being analogue and digital dimming methods (Zafar F., Karunatilaka
D., and Parthiban R., 2015). The analogue dimming methods are based on amplitude of LED driving signal
taking account consideration the data bits while the digital dimming methods are performed by adjusted the duty
cycle of driving signal (Zafar F., Kala-vally V., Bakaul M., and Parthiban R., 2015).

Many modulation techniques have been modified to provide dimming support in VLC links (Bui T.-C., Singh
R., O'Farrell T., and Biagi M.,2018; Wang T., Yang F., Cheng L., and Song J..2018; Okumura J., Kozawa
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Y.. Umeda Y., and Habuchi H.,2017; Knobloch F., 2015). Especially, digital dimming meth-ods have been
widely explored due to their low complexity in experimental systems (Raj R., Jaiswal S., and Dixit A.,
2021). Variable On-Off Keying (VOOK) and Variable Pulse Position Modulation (VPPM) schemes can be
indicated as basic modulation schemes (Lee K. and Park H., 2011). The VOOK scheme was constituted
by modifying On-Off Keying (OOK) method while VPPM technique adjusts the duty cycle of binary PPM
schemes to provide the variable LED brightness. In the following years, it has been aim to increase the data
rate of VPPM scheme in the literature. To provide the higher data transmission, VPAPM (Variable Pulse
Amplitude Position Modulation) scheme has been proposed to ensure both variable illumination and data
transmission at the same time (Yi L. and Lee S. G., 2014). This method encodes the amplitude of transmitted
signal against to transmitted data bits. Instead of amplitude, it has been considered that the position can be
encoded to increase the data rate of VPPM scheme in the literature. This position based scheme has been
referred to as M-ary VPPM (Yoo J.-H., Kim B. W., and Jung S.-Y., 2015). M-VPPM consists of wrapped
signal scheme to ensure the target dimming level.

The one of the disadvantages of VPAPM method cannot assure the desired dimming level if there are long runs of
same bits (1 s or 0 s) among the transmitted data signal. Similar problem has been appeared for OOK method in
the literature since OOK scheme cannot support a target dimming level under condition of long runs of same bits
(1 sor0s). To cope with the mentioned challenge, it has been suggested a packet transmission model for VPAPM
scheme in the paper. Although the proposed model can support the desired dimming level under condition of
long runs of same bits it has lower data rate compared with traditional VPAPM. Addition to this, a demodulator
scheme has been performed for received VPAPM signals. The proposed demodulator architecture is analysed in
terms of BER versus transmission distance between receiver and transmitter. Moreover, M-ary VPPM has been
modified by considering the signals of two power levels. In the last framework of the paper, it has been given a
performance comparison with respect to BER for modified M-ary VPPM and VPAPM.

2. VPAPM Method

This section gives VPAPM method which has been proposed to data rate binary VPPM scheme. This
scheme allows multiple data transmission by encoding the pulse signal according to data signal. If » is
defined as bit number by consisted of one symbol, encoded signal number will equal to bit number n. A
VPAPM signal sample is given in the Figure 1 against to data bits.

In the Figure 1, a M-n-VPAPM signal sequence is given considering the transmitted data symbol. As shown
in the figure, both M and n get 2 value. The n will be used the 2 for all transmitted signals if the VPAPM

[
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Figure 1. The M-n-VPAPM signal against to data symbols at the dimming ratios of 25 % and 75 %. For
25%. (b) 75%
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signal is observed as M-n-VPAPM. The VPAPM method provides higher data rate compared to VPPM
scheme since it encodes the amplitude of pulse signal by taking into account data signal. A VPAPM signal
can be given by,

x(t) = nAPnZ_Eckp(t—k—TJ 2.1
k=0 n

where, x(2) is VPAPM signal. The c,, T'and n are defined as codewords, filled slot duration and chip number.
In the Eq.2.1, 4 is amplitude of modulated signal. The VPAPM signal detected from the photodiode can be
decoded by using the receiver algorithm given in the Figure 2.

2(t
E ° 2 ( ) Dl
= 2 >
2 S < ™
-—mi '~f)
g5
s
v g max(.) ——»| > [
E 5 y(t) <2 D>
é ‘E t Threshold
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Figure 2. A receiver architecture for the VPAPM

The modified demodulator given in Figure 2 can be considered as a sample architecture for decoding of
2-2-VPAPM signals. In the first stage, the received signal is multiplied by a given masking signals to
investigate the position of pulse. Afterwards, the signal is passed through integrator blocks which generates
outputs of y,(2) and y (7). In last stage, both signals are applied on a comparison unit. The first bit, which
can be referred to as position bit, is appeared at output of comparator block. The two levels including P/2
and 3P/2 is generated to encode the data bit which is D2 as depicted in the Figure 2. To determine the
level of D2, it is necessary a threshold value for M-2-VPAPM. Therefore, an optimum threshold value
that can be adjusted as mean value of both transmission level. Under user mobility condition, an adaptive
detection threshold method must be applied on receiver system since this condition causes the receiver
power being dynamic levels. Addition to this, the received optical power can change under ambient light
effect hence threshold level can be dynamic levels. Moreover, the ISI (Intersymbol Interference) problem
can be observed when the data rate is increased. The received x(z) signal is added to noise signal at the
output of optical detector, hence the outputs of multiplications given in the Figure 2 can be expressed by
(Noh J.,Lee S., KimJ., Ju M., and Park Y., 2015),

310 = [ (x0)+ n(0)).m (1) )
3,0 = [ (x(0) + (1)), (1) 23)

Where (inEqs2.2, 2.3), y,(t) and y (1) are defined as outputs of integrators. The noise signal is depicted by
n(t). The m (1) and m (¢) is masking signals which are used to multiply by received M-2-VPAPM signal. The
decision can be made as follows:

(yz(t)<y1(t)_>D1 zl)A(yz(t)>y1(t)_)D1 :0) (2.4)

487



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol 8, Issue 3, Pages: 485-493

Where (inEq2.4), it is performed a comparison of y (¢) with y,(?) to decide the level of DI. A maximum
value is determined in the decision stage. To detect D2 bit, it must be compared a threshold value with this
maximum value that is chosen from among the y () and y (7). Therefore, D2 bit can be determined by

Vinar =Max( (1), y,(1)) 2.5)

(th< Yy > diyy =1)A(th>y,. —d., =0) (2.6)

Where (inEgs.2.5, 2.6), y,  is described as maximum value that can be determined from among the output
values of integrators.

3. M-ary VPPM Method

M-ary VPPM scheme is a digital dimming method while VPAPM is defined as hybrid dimming method
that consists of analogue and digital dimming methods. The M-VPPM can adjust the LED brightness by
changing duty cycle of modulated signal while VPAPM regulates the amplitude of signal to reach the desired
dimming level. Therefore, it can be claimed that M-VPPM has simpler structure than that of VPAPM since
it can be considered that the changing of duty cycle is more efficient method to adjust the dimming level
of signal compared to setting of signal amplitude. In Figure 3, it is given a M-VPPM signal at the dimming
ratio of 50% for M=4.

It is shown from the Figure 3 that the filled pulse is rotated by decimal value of transmitted symbol. It
is provided the target dimming level under overflow condition. As observed in Figure 3, there is given
a M-VPPM signal which has dimming ratio of 50%. The symbol of “11” has caused an overflowing
condition. In this condition, the overflow signal is applied on the first slot, hence it is emerged a wrapped
signal condition. it is given the traditional M-VPPM demodulator architecture for /=4 in the Figure 4.
According to the figure, it can be stated that the number of integrator and multiplication block in the
traditional M-VPPM demodulator dependents on M of modulation order.
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Figure 3. 4-VPPM signal against to data symbol at the dimming ratio of 50%
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Figure 4. A M-VPPM receiver model for M =4
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Figure 5. 2-n-VPPM receiver model for n = 4

4. Modified M-ary VPPM method

This section gives a model to increase the transmission performance of M-ary VPPM. In contrast to
M-n-VPAPM, the M fixed at the 2. The modified model performs the generating of two amplitude levels
while the number of position can get dynamic values. Therefore, modified M-ary VPPM can be defined as
M-n-VPPM where the M value gets 2. A M-n-VPPM scheme is given in the Figure 5.

The number of slot can be increased for the architecture given in the Figure 5, instead of amplitude
when compare to M-n-VPAPM. Although the signal consists of four slots, it is transmitted by
considering the two amplitude levels. Therefore, it is considered that the transmission performance
can be increased by fixing the number of amplitude level to 2 when compare to 4-VPPM scheme
presented in the Figure 3.

3P/2

P2 |--
P/4

Ts 2Ts 3Ts 4Ts
Figure 6. Modified 2-2-VPAPM scheme

As shown in the Figure 6, it is consisted of three data bits in a symbol or a packet while the traditional
2-2-VPAPM can transmits four data bits over two modulated signal. Therefore, 2-2-VPAPM has superior
with respect to data rate when compare the modified scheme. However, the modified scheme gives static
dimming levels at the transmission during since it consists of serial high and low powers. The optical
power can get P/4 for dimming ration of 25% at the all transmission during. The P3 position bit encodes the
positions of signals which have powers of 3P/2 and P/2.

5. Results and Discussion

In this section, it is presented the performance analyses for 2-n-VPAPM and M ary MVPPM in terms of
BER and distribution of dimming level. In the first consideration, the 2-2-VPAPM has been investigated at
dimming levels between 25% and 75% against the transmission distance between receiver and transmitter.
It has been get similar results to VPPM in the simulation. The Figure 7 gives the BER performance of
2-2-VPAPM technique versus transmission distance. The simulation results have been obtained by using
the architecture given in the Figure 2. According to simulation results, similar BER performances are
observed at the dimming ratios of a% and (100-a)%.

As shown in the Figure 7, it can be performed the 2-2-VPAPM system at the distance of 2.30 m and
dimming ratio of 40% instead of the distance of 2.34m and dimming ratio of 50%. The performances at
these distance and dimming ratios are close to each other’s.
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Figure 7. The BER performance of 2-2-VPAPM versus dimming ratios between 25% and 75%. (a) The
standard deviation of 0.7 for noise. (b) The standard deviation of 0.68 for noise
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Figure 9. The target dimming performance of 2-2-VPAPM and modified VPAPM in terms of various input
ratio of ‘0’ and ‘1’ bits. (a) The input ratio of ‘1’ bits is 25% for 2-2-VPAPM (b) The input ratio of ‘1’ bits
is 50% for 2-2-VPAPM (c) The input ratio of ‘1’ bits is 75% for 2-2-VPAPM (c) The input ratio of ‘1’ bits
is 75% for the modified VPAPM.

The Figure 8 depicts another performance comparison between 4-2-VPAPM and 2-4-VPPM. As mentioned in
previously, the 2-4-VPPM is proposed by modifying the M-ary VPPM scheme. It is illustrated from simulation
results that it is growing the difference of BER performance between both systems while the dimming ratio used
in the systems is increasing. The similar comparison can be observed between results obtained in the Figure 8
(a) and (c). It can be asserted the 2-4-VPPM can increase the transmission distance at the BER of 103 and lesser
where the system has meaningful BER performance. As shown in the Figure 8 (b), the transmission distance
is increased from 2.306m to 2.389m at the BER of 10* when compare to 4-2-VPAPM. From the simulation
results obtained in the Figure 8, it can be claimed that modified M-ary VPPM (2-4-VPPM) has superior in
terms of BER performance compared to 4-2-VPAPM. Addition to this, it is shown from simulation results that
the modified M-ary VPPM (2-4-VPPM) can be increased the transmission distance under all dimming levels.

In the Figure 9, it is shown that it is given the comparison of dimming ratio performance according to input
ratio of input ratio of ‘0’ and ‘1’ bits for 2-2-VPAPM and modified VPAPM. The input ratio of ‘1’ bits has
been chosen 25%, 50% and 75%, respectively. It has been adjusted the brightness ratio of 30. However, the
system where the input ratio of ‘1’ bits becomes 50% is more close the target dimming of 30%. The real
dimming ratio moves away from target dimming level while the input ratio of ‘1’ bits becomes distant from
50%. Compared to 2-2-VPAPM, the modified system provides the target dimming ratio for whole of input
ratio of ‘1’ since average dimming ratios of sequential signals are fixed at the target dimming levels.
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6. Conclusion

It is considered that M-n-VPAPM scheme has a challenge related to the adjusting of target dimming ratio in
the paper. To overcome the problem related to the adjusting target dimming ratio, therefore, it has been proposed
a packet transmission model for 2-2-VPAPM scheme in the paper. Although the modified VPAPM scheme can
assure the desired dimming level under condition of long runs of same bits it has lower data rate compared with
traditional VPAPM. Moreover, a receiver scheme has been presented to decode the received VPAPM signals.
The introduced demodulator architecture is analysed in terms of BER versus transmission distance between
receiver and transmitter. Addition to these, M-ary VPPM has been modified by taking into account the signals of
power levels. The modified M-ary VPPM generates the modulated signal at the two power levels. In this paper,
it has been given a performance comparison with respect to BER for modified M-ary VPPM and VPAPM.
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Oz — Bu calismada, bir karayolu tiinelinde gikabilecek olast bir yangin sonucu olusan yiiksek 1s1 ve
dumanin kontrolii iizerine galisilmistir. Bu kapsamda, tiinel girigsinden iki farkli konum i¢in olas1 yangin
modelleri olusturulmustur. Yangin sonucu olusacak dumanin tiinel disina atilabilmesi amaciyla, tiinel
boyunca farkli noktalara ti¢ adet aksiyel jet fanin yerlestirildigi diisiiniilmistiir. Olusturulan yangin mo-
delleri i¢in, tiinel igerisine yerlestirilmis olan bu jet fanlarmn farkl agiklik kapalilik durumlar i¢in farklh
yangin senaryolar1 olusturularak, sayisal analizler tekrarlanmistir. Boylelikle yangin konumunun ve fan
diziliminin sicaklik, duman, CO ve O2 degerlerine olan etkileri incelenmistir. Sonug olarak, tiinelin giri-
sine yakin bolgelerde ¢ikan bir yanginda tiinel igerisinde ki sicaklik ve duman dagiliminin, tiinel ¢ikisina
yakin bolgelerde gikan bir yangina gére daha yogun oldugu belirlenmistir. Fanlarin agiklik ve kapalilik
durumunun ise, tiinel igerisindeki sicaklik ve duman dagilimlarini 6nemli 6lgiide etkiledigi gozlemlen-
mistir. Higbir fanin ¢aligmadigi durumda, tiinel i¢indeki sicaklik ve duman seviyelerinin ¢ok yiikseldigi
ve ortamin insan sagligi igin olumsuz 6zelliklerde oldugu belirlenmistir. Sadece 3. fanin agik olmasinin,
yangmn kaynakli duman, sicaklik, CO ve O2 degerleri iizerinde ki iyilestirici etkisinin ¢ok diisiik dii-
zeyde kaldig1 gozlemlenmistir. Ancak sadece 1. fanin veya sadece 2. fanin agik olmasi durumlarinin,
tiinel i¢i duman ve 1s1 kontroliinde daha efektif sonuglar verdigi kanaatine varilmistir. Tiim fanlarin agik
oldugu durumda ise, diger tiim durumlara gére duman, sicaklik ve CO degerlerinin minimum seviyede,
02 degerinin ise maksimum seviyede gergeklestigi gozlemlenmistir. Dolayisiyla, incelenen parametre
araliginda tiim fanlarm agik oldugu durumun optimum duman ve 1s1 kontrolii sagladig: tespit edilmistir.

Anahtar Kelimeler — Duman kontrolii, jet fan, i1s1 salinim orani, tiinel yanginlar

Investigation of The Effects of Jet Fan Sequence to Smoke and Heat

Control for Tunnel Fires

"Department of Mechanical Engineering, Faculty of Engineering and Architecture, Kirikkale University, Kirikkale, Tiirkiye

Article History

Received: 01.10.2021
Accepted: 04.02.2022
Published: 25.09.2022
Research Article

Abstract — In this study, fire models for two different locations from the tunnel entrance are created. To
discharge the smoke due to the fire outside the tunnel, three axial jet fans are considered to be positioned
at different points along the tunnel. For the created fire models, different fire scenarios for open and
closed positions of these jet fans inside the tunnel are created. Thus, the effects of the fire location and
fan sequence on temperature, smoke, CO and O2 values are investigated. It is observed that the open or
closed status of the fans had a significant effect on tem-perature and smoke distribution inside the tunnel.
When none of the fans was open, it is found that the temperature and smoke levels inside the tunnel
increased at a high level. It is observed that when only the 3rd fan was open, the improvement effect on
fire-induced smoke, temperature, CO and O2 values were at a very low level. However, when only the
Ist fan or only the 2nd fan was open, it is found that smoke and temperature control inside the tunnel was
more effective. When all the fans were open, it is observed that smoke, temperature and CO value were
at the minimum level and the O2 value was at the maximum level compared to all other states. Therefore,
it is determined that the optimum smoke and heat control was achieved in all fans are open status for the
investigated parameter range.

Keywords — Heat release rate, jet fan, smoke control, tunnel fires.

! sngl.solmaz@gmail.com

2 tolgademircan@gmail.com

*Sorumlu Yazar / Corresponding Author


http://doi.org/10.28979/jarnas.1003600 
http://dergipark.org.tr/tr/pub/jarnas
https://orcid.org/0000-0001-9652-8923
https://orcid.org/0000-0003-4805-6428

2022, Cilt 8, Say1 3, Sayfa: 494-504 Journal of Advanced Research in Natural and Applied Sciences

1. Giris

Glnlimiizde, trafikte bulunan arag sayist her gegen giin artmaktadir. Bu durum, mevcut karayollarinin
yetersiz kalmasina ve trafik yogunluguna sebep olmaktadir. Trafik yogunlugunun ¢ok fazla oldugu yollarda,
hem trafik yogunlugunu azaltmak hem de zaman ve yakit tasarrufu saglamak amaciyla yeralti tiinelleri
yapilmaktadir. Ayrica engebeli bir yapiya sahip yollarda, ulasimi kolaylastirmasi ve ulasim siiresini
kisaltmalar1 sebebiyle yer altinda yapilan tiinellerin 6nemi agikardir. Ancak ulasimda kullanilan tiinel say1s1
arttikca, tlinel igerisinde meydana gelen kaza sayis1 da artmaktadir. Tiinel igerisinde olusabilecek bir kaza,
normal yolda gergeklesebilecek bir kazaya gore ¢cok daha fazla can ve mal kaybina sebep olabilmektedir.
Ciinkii uzun tiineller, bir nevi kapali bir ortam gibi kabul edilebilmektedir. Tiinel icerisinde bir kaza
oldugunda, tiinel icindeki trafik kaza nedeni ile durabilmektedir. Dolayisiyla tiinel icerisinde gerceklesen
bir ara¢ kazasinda, kazali aracin alev almasi durumunda olusan bir yangin tiinel igerisinde duran diger
araclara sigrayabilmekte ve onlarinda da yanmasina sebep olabilmektedir.

Tiinel icerisinde olusan yangin sonucu, zehirli gazlardan olusan duman ve yiiksek sicaklik tiinelin igine hizla
yayilabilmektedir. Olusan bu duman goriintirligii azaltarak, tiinel igindeki insanlarmn tiineli terk etmesini,
yangin sondiirme ve ilkyardim personelinin ise kazazedelere ulasimini zorlastirabilmektedir. Ayrica zehirli
gazlar, tiinel igerisinde bulunan insanlarin nefes almasini zorlastirmakta ve can kaybina sebep olabilmektedir.
Tiim bu olumsuzluklar nedeniyle, tiinel igerisinde olas1 bir yangin durumunda, olusan ytiksek 1sinin ve dumanin
kontrollii ve hizli bir sekilde tiinel disina atilmasi hayati 6nem arz etmektedir. Bu amagla, tiinel havalandirma
sistemleri kullanilmaktadir. Tiinel havalandirma sistemi secilirken, tiinel uzunlugu, kesit biiyiikligii, egimi ve
kullanan ara¢ yogunlugu vb. faktorler dikkate alinmaktadir. Giinlimiizde tiinel havalandirmasinda jet fanlar
siklikla kullanilmaktadir. Jet fanlar tiinel icindeki mevcut havay1 tifleyerek tiinel ¢ikisina dogru bir hava akisi
saglamaktadir. Olasi bir yangin durumunda, bu hava akisi sayesinde duman ve yiiksek sicakliklar tiinel digina
dogru siipiiriilerek, tiinel igerisinde insan sagligina uygun bir ortam saglanmaktadir. Ancak jet fanlarinin sayisi
ve dizilimi, bu duman kontrolii i¢in 6nemli bir parametredir.

Karayolu tiinellerinde yangini olusturan ve yangin sonucunu etkileyen pek ¢ok parametre oldugundan
dolayt; tiinellerde yangini, yangin kaynakli dumanin hareketini, yangin sonucu meydana gelen zehirli
gazlari konsantrasyonunu hep birlikte ele almak gerekmektedir. Bu sebeple karayolu tiinellerinde ¢ikan
yangin pek ¢ok aragtirmacinin ilgi odagi ve pek ¢ok aragtirmanin konusu olmustur. Literatiir incelendiginde,
aragtirmacilarin karayolu tiinel yangmlar1 konusunda; gergek boyutta veya olgeklendirilmis tiinelleri
kullanarak, yangin kaynakli dumanin akis hareketi ve karakteristigi, uygun duman tahliye yonteminin
belirlenmesi ve tlinel havalandirma metotlari gibi hususlar {izerinde deneysel ve sayisal ¢alismalar yiiriittigii
goriilmiistiir. Bu calismalardan bazilarina asagida yer verilmistir.

Li ve digerleri, boyuna havalandirma sistemine sahip bir tiinel yangininda, kritik hiz1 ve geri katmanlagma
tabakasinin uzunlugu tizerinde ¢alismislardir. Calismalarinin sonucunda, kritik hizin boyutsuz 1s1 salim
oraninin 0,15 degerine yaklasirken meydana geldigini belirtilmistir (Li vd., 2010). Unal ¢alismasinda, 690
m uzunluguna ve %1,5 egime sahip bir karayolu tiinelinde, yangin olmast durumunda bolgedeki hava
kosullarinin tiinel havalandirmasina etkisini sayisal olarak incelemistir. Tiinel ¢ikisinda riizgar hizinin 4 m/s
ve 10 m/s oldugu durumlar i¢in 2 farkli senaryo olusturmustur. Riizgar hizinin 10 m/s olmast durumunda;
tiinel i¢inde ki goriis mesafesinin daha diisiik, zehirli gaz konsantrasyon degerlerinin ise daha fazla oldugunu
belirtmistir (Unal, 2015). Fan ve digerleri, dikey saftli dogal havalandirma sistemine sahip karayolu
tiinellerinde, CO yogunlugu, duman 1sis1, duman hizi, duman bosaltma etkinliginin duman bosaltma
verimliligine etkisini 6l¢mek i¢in deneysel incelemeler yapmislardir (Fan vd., 2013). Bilgin, hava kirliligi,
yanma reaksiyonlari, yanma sonucu meydana gelen zararli gaz emisyonlari, bu emisyonlarin ¢evreye ve
insan sagligina zararlan lizerine ¢alismistir. Tiinellerin yapim sekilleri, islevleri ve AB standartlarindan
bahsetmistir. Sonug olarak, karayolu tiinellerinde tiinel giivenliginin bir sistem olarak ve AB mevzuatina
uygun olarak ele alinmasi gerektigini belirtmistir (Bilgin, 2014). Karaaslan ve digerleri, at nali kesitine
sahip 300 m uzunlugunda, her biri 3 adet fan iceren 3 adet jet fan grubunun yerlestirilmis oldugu bir
karayolu tiinelini incelemislerdir. Bu amagla, 10 MW ve 50 MW’lik iki farkli yangin biiyiikliigt ve farkl
senaryolarda ¢alistirilan jet fanlar icin CFD analizleri yapmislardir. Sonug olarak tiinel i¢i kritik hiz degerini
2,46 m/s olarak belirlemislerdir (Karaaslan vd., 2013).

Tian ve digerleri, tam oOlgekli bir tiinelde metanol-benzin karisimi olan ¢esitli yakitlarla gergeklesen bir
yangindan kaynakli dumanin, farkl: riizgar kosullart i¢in tiinel icerisindeki sicaklik dagilimini deneysel olarak
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incelemislerdir (Tian vd., 2017). Alpgiray, enine havalandirma sistemine sahip bir karayolu tiinelinde 10 MW
11 yayillim oraninda olan bir yangin i¢in, emme-basma fan gruplarini tiinelin girisine, merkezine ve cikisina
yerlestirilerek inceleme yapmustir. Sonug olarak, fanlarin ¢aligma sirast, tiinel geometrisi, yangin biiytikligii gibi
parametrelerin, tiinel havalandirma sisteminin tasarimi igin 6nemli parametreler oldugunu belirtmistir (Alpgiray,
2016). Wang ve arkadaslari, bir tiinel yangininda egzoz ¢ikis agikliklarinin duman yayilma performansi {izerindeki
etkisini incelemislerdir. Bu amagla, tam 6lgekli bir tiinelde gerceklesebilecek bir yangimi ti¢ boyutlu bilgisayar
modeli FDS ile simiile ederek, tlinelin sicaklik ve duman dagilimini belirlemislerdir. Sonug olarak; duman geri
katmanlagma tabakasimin egzoz agikliklarindan 6nemli derecede etkilendigini belirtmislerdir (Wang vd., 2016).
Yuan ve digerleri, tren vagonu i¢inden ¢ikan bir yanginda, farkli lokasyonlarda yanginin ¢ikmasi durumunda
yangin bdlgesinin, duman ve sicaklik dagilimi tizerine olan etkileri tizerine sayisal olarak ¢alismislardir. Vagonun
icinde yangin yerinin dnemli bir etkisinin olmadig1 kanaatine varmislardir (Yuan vd., 2015).

Lin ve digerleri yapmis olduklari ¢alismada, tiinel yanginlarmda tasit kaynakl tiinel tikanikliginin duman
kontrol sisteminin performansina etkisini sayisal olarak incelemislerdir. Sonug olarak tagit kaynakli tikanikligin,
tiinellerde duman kontrolii i¢in faydali olan kritik hizi1 diistirdiigiind, tiinelin tikaniklik olan tarafinda kiitle akis
hizinin azaldigini ve bosaltimin miimkiin olmadigini belirtmislerdir (Lin vd., 2016). Li ve digerleri, birlesim
kavsagi olan bir karayolu tiinellerinde duman kontroliinii sayisal olarak incelemislerdir. Bu amagla, ana tiinelde
duman kontroliinii, farklt yangin giicleri i¢in kritik hiz1 kullanarak yapmislardir. Sonug olarak, ana tiinelde
duman geri akisinin engellenebildigini fakat birlesim kavsaginda duman kontroliiniin iyi saglanamadigini
belirtilmistir (Li vd., 2017). Altay, at nali kesitine sahip bir karayolu tiinelinde, 10 MW ve 50 MW 1s1 salinim
oranina sahip yanginlar i¢in farkli senaryolari sayisal olarak incelemistir. Sonug olarak, 50 MW 1s1 salim
hizina sahip bir yanginda duman tahliyesinin olduk¢a zor oldugunu, uygun duman tahliyesinin ancak fan
gruplarmin tiinel ¢ikisina daha yakin bir yerde konumlanmasi ile miimkiin olabilecegini belirtmistir (Altay,
2016). Fan ve digerleri, bir karayolu tiinellerinde olas1 bir yangin durumunda enine duman sicaklik dagilimi
ve uzunlamasina duman sicaklik dagilimi arasindaki farki incelemek icin deneysel caligmalar yapmislardir.
Bu kapsamda, yangin kaynaginin yeri degistirilerek farkli senaryolar hazirlanmistir. Sonug olarak tiinel yan
duvarlarmin bloke edici etkisi nedeniyle, sicaklik artisinin enine bozulma oraninin uzunlamasina olandan
daha biiyiik oldugunu gézlemlemislerdir (Fan vd., 2013).

Yuan ve digerleri, 1:5 oraninda kiiciiltiilmiis dogal havalandirmali bir tiinel yangininda duman yayilim
Ozelliklerini deneysel olarak incelemislerdir. Yapmis olduklar1 bu ¢aligsmada tiinel igerisinde 1s1 yayilim orant,
saft mesafesi, saft boyutu, tren tikaniklig1 ve duman perdesi gibi bazi faktorlerin etkisini arastirmislardir
(Yuan vd., 2013). Li ve digerleri, tiinellerde egimin kritik hiz iizerindeki etkisini sayisal ve deneysel olarak
incelemiglerdir. Sonug olarak, yangin biiyiikliigii ve tiinel egimi arttik¢a kritik hizin arttigini belirtmislerdir
(Livd., 2017). Lee ve digerleri, tiinel yanginlarinda tiinel en-boy oraninin duman hareketi iizerine etkilerini
sayisal ve deneysel olarak incelemislerdir. Sonug olarak, tiinel yanginlarinda en-boy oraninin dumanin
biliyltime ve geligsmesini etkiledigini belirtmislerdir (Lee vd., 2016).

Bu ¢alisma kapsaminda ise, bir karayolu tiinelinde ara¢ kazasi nedeniyle ¢ikabilecek olasi bir yangin sonucu
olusan yiiksek 1s1 ve dumanin kontrolii {izerine ¢alisilmistir. Bu kapsamda, tiinel girisinden iki farkli konum igin
olas1 yangin modeli olugturulmustur. Yangin sonucu olusacak dumanin tiinel disina atilabilmesi amaciyla, tiinel
boyunca farkli noktalara ti¢ adet aksiyel jet fanin yerlestirildigi diistintilmiistiir. Olusturulan yangin modelleri i¢in,
tiinel igerisine yerlestirilmis olan bu jet fanlarmin farkl agiklik kapalilik durumlari igin farkli yangin senaryolart
olusturularak, sayisal analizler tekrarlanmstir. Béylelikle yangin konumunun ve fan diziliminin yangin kaynakl
dumanin hareketine, tiinel igi sicaklik, CO ve O, degerlerine olan etkileri incelenmistir.

2. Materyal ve Yontem

Bu ¢alisma kapsaminda, bir tiinelin yangin tahliye sisteminin sayisal olarak incelenebilmesi igin 8x8x200
m boyutlarinda ve duvar kalinligi 50 cm olan bir karayolu tiineli ele alinmistir. Bu tiinelde, 1s1 yayilim orani
5 MW olan ve propanin (C,H,) yanmasi sonucu olusan olas1 bir yangin kaynag, tiinel girisinden 2 farkl
uzaklik i¢in konumlandirilarak incelemeler yapilmistir. Bu kapsamda, tiinel girisinden farkli uzakliklara
iic adet aksiyel jet fan yerlestirildigi diisiiniiliistiir. Bu jet fanlarinin farkli aciklik kapalilik durumlart igin
farkli yangin senaryolar1 olusturularak sayisal analizler tekrarlanmistir. Bu ¢aligma kapsaminda incelenen
tiinel geometrisinin sematik gosterimi Sekil 1’de verilmistir. Sekilde goriildigi tlizere, tiinel girisinden 75.
metrede ¢ikan yanginin merkezi A ile, 125. metrede ¢ikan yanginin merkezi ise B ile gosterilmistir.

496



2022, Cilt 8, Say1 3, Sayfa: 494-504 Journal of Advanced Research in Natural and Applied Sciences

1
==  Fanl i:m i =
A ——
-
-
< -

Ttwel F t t t t % i Tinel
Girigi 0 S0m 75m 100m 125m 150m 200m Cikisa

Sekil 1. incelenen model tiinelin sematik gdsterimi

Fanlarin dizilis seklinin, tiinel igerisindeki duman ve sicaklik dagilimina etkisini incelemek, yangin
sonrasindainsanlarin tiineli tahliye edebilecek goriiniirliik diizeyine erisebilmesini saglayip saglamadigini
analiz edebilmek amaciyla, fan hizi 30 m/s sabit hizda tutularak; biitiin fanlar kapali, sadece birinci
fan acik, sadece ikinci fan acik, sadece t¢iincii fan agik ve biitlin fanlar agik olacak sekilde farkli
yangin senaryolari olusturularak simiilasyonlar yapilmistir. Bu senaryolarda yanginin ilk 360 saniyesi
zamana bagimli olarak incelenmistir. Bu calisma kapsaminda incelenen analiz parametreleri Tablo 1’de
verilmistir.

Tablo 1

Analiz parametreleri

Yangin Konumu 75 mve 125 m

Fan Konumu 50m, 100 m ve 150 m

Hepsi Kapali,
Sadece 1. fan acik,

Fan Acik/Kapali Durumu Sadece 2. fan agik,
Sadece 3. fan agik,
Hepsi A¢ik

2.1. Diferansiyel Denklemler

Incelenen yangin modelinin say1sal olarak ¢oziilmesinde kullanilan siireklilik denklemi Denklem 2.1°de,
tiirlerin korunumu denklemi Denklem 2.2’de, momentum denklemi Denklem 2.3’de, enerjinin korunumu
denklemi ise Denklem 2.4’de verilmistir (Chiam, 2005).

Siireklilik denklemi

% 4 V. pu=0 2.1
% 7. pu = @
Tirlerin korunumu denklemi

3 .

T (pY;) + V.pYiu = V.pD;VY; + my (2.2)
Momentum denklemi

u

p(Z+ Vu)=-Vp+V.c+pg+f (2.3)
Enerjinin korunumu denklemi

ad a
(5 (o) + 7. phut) = (2 +1.Vp) + q" = V.qyaa + V. KVT + 5, V. hipD; VY, (2.4)
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2.2. Sinir Sartlan

Problemin diferansiyel denklemlerinin sayisal olarak ¢oziilebilmesi i¢in, sinir sartlarinin bilinmesi
gerekmektedir. Bu kapsamda, ¢6ziim baslangicinda tiinelin igerisinde 20 °C sicakliga sahip duragan ortam
havasi bulundugu diistiniilmiistiir. Tiinelin i¢inde hava akisini saglayan jet fanlarin hizlariin 30 m/s olacak
sekilde sabit oldugu ve bu fanlarin agiklik/kapalilik durumunun ise incelenen yangin senaryosuna gore
degistigi kabul edilmistir. Tiinel igerisinde meydana gelen yangmin propanmin (C,H,) yanmasi sonucu
olustugu, 1s1 salinim oraninin (HRR) ise sabit 5 MW degerinde oldugu varsayilmistir. Yanma sonucu ortaya

¢ikan gazlarin ise atmosfer basinca sahip bir dis ortama gonderildigi diistiniilmiistiir.

2.3. Sayisal Yontem

Bu calismada ele alinan tiinelin sayisal olarak incelenmesi sirasinda ¢oziicli program olarak Fire Dynamics
Simulator (FDS) yazilim1 kullanilmistir. Grafik ara yiizii olarak ise Pyrosim programimin deneme siiriimii tercih
edilmistir. Bu kapsamda FDS ve Pyrosim programlariin 2018 versiyonlart kullanilmigtir. Akist modellemek
icin Large Eddy Simulation (LES) yaklasimi ve Smagorinsky—Lilly tiirbiilans modeli kullanilmistir. Bu
modelde tiirbiilans viskozitesi Denklem 2.5 yardimiyla belirlenmektedir. (Yuen vd. 2017, Tian ve Xiao 2020)

ur = p(Cs0)?|S| (2.5)

Burada C_ terimi Smagorinsky katsayisidir ve bu ¢aliygma kapsaminda C_ katsayisinin degeri 0,15
olacak sekilde sabit tutulmustur. S ve A terimleri ise sirasiyla Denklem 2.6 ve Denklem 2.7 yardimiyla
belirlenmektedir. (Yuen vd. 2017, Tian ve Xiao 2020)

S| = /237,5; (2.6)

= xAyAz .
A= 3/ AxAyA 2.7

Sy ise gerinim tensoriidiir ve Denklem 2.8 araciligs ile belirlenmektedir. (Yuen vd. 2017, Tian ve Xiao 2020)

— 1(0 i ou;
= E(iJf_]) (2.8)

ax]' axi

%5}

Yanmay1 modellemek icin ise Karisim Kesri Modeli (Mixture Fraction Model) kullanilmistir. Sayisal
¢Oziimler, zamana bagli algoritma kullanilarak yanginin ilk 360 saniyesi i¢in gerceklestirilmistir. FDS
yazilimi ve Pyrosim ara yiizii ile ylritiilen analizlerden elde edilen sonuglar, Smokeview gortintiileme ara
ylizli araciligi ile gorlintiilenmistir.

Olusturulan tiinelin ag yapisii da iceren izometrik goriiniimii Sekil 2°de verilmektedir. Ilgili sekilde, sicaklik,
CO, O, vb. biiytikliiklerin dlgiimiiniin yapildig1 prob noktalar1 ve jet fanlarin konumlar birlikte goriilmektedir. Ag
yapisi olusturulurken, farkli sayida eleman sayisina sahip ag yapilari i¢in deneme simiilasyonlar yapilmistir. Tiinel
girisinden 75 m uzaklikta gerceklesen bir yangin igin elde edilen maksimum sicakligin eleman sayisi ile degisimi
Tablo 2’de verilmistir. Cizelgeden de goriildiigii {izere, eleman sayisinin 43200 degerinden sonra, maksimum
sicaklik degeri fazla degisim gostermemektedir. Bundan dolay1 43200 eleman sayisina sahip ag yapisi optimum
ag yapisi olarak belirlenmistir. Tiim simiilasyonlar bu optimum ag yapisi kullamlarak gerceklestirilmistir.

Tablo 2
Maksimum sicakligin eleman sayisi ile degisimi
Eleman Sayis1 T, .
1600 112,13 °C
12800 123,28°C
43200 128,86°C
102400 129,12°C
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Sekil 2. Modelin izometrik goriinimii

Bu calismada kullanilan sayisal yontemin ve yapilan kabullerin dogrulugunu ve giivenirliligini kontrol
etmek amaciyla, bu ¢aligmadan elde edilen sonugclar literatiirde bulunan benzer bir ¢alismanin sonuglart ile
kiyaslanmistir. Bu amagla, literatiirde bulunan Jun vd. (2013) tarafindan yapilan ¢alisma, onlarin geometrisi
ve sinir sartlari icin tekrarlanmstir. Incelenen tiinelin 300-350 m aralig1 icin her iki calismadan elde edilen
sonuclar Sekil 3’de birlikte verilmektedir. Sekilden goriildiigii tizere, iki ¢alisma i¢in ¢izilen egriler benzer
bir profil olusturmaktadir. Yanginin baslangi¢ anlarinda egriler arasinda biraz farkliliklar olmasina ragmen,
200. saniyeden sonra her iki egri birbiri ile uyum i¢indedir. Dolayisiyla bu calismada ele alinan sayisal
yontem ve kabullerin giivenilir seviyede oldugu sdylenebilir.

—@— Jun ve ark.
—8—Bu calisma

Goriiniirlitk (m)
N
w

. < -]
17
15
0 200 400 600 800 1000 1200
Zaman (s)

Sekil 3. Bu ¢alismanin sonuglari ile literatiir (Jun vd., 2013) sonuglarinin karsilastiriimasi

3. Bulgular ve Tartismalar

Bu calisma kapsaminda, bir karayolu tiinelinde ¢ikan olast bir yangin durumu i¢in tiinelin yangin
tahliye sistemi sayisal olarak incelenmistir. Bu kapsamda, 1s1 yayilim oran1 5 MW olan olasi1 bir yangin
kaynagmin tiinel girisinden 2 farkli uzaklik i¢in konumlandirildig: ve tiinel girisinden farkli uzakliklara
ic adet aksiyel jet fanin yerlestirildigi diistiniiliistiir. Fan hiz1 30 m/s sabit hizda tutularak; biitiin fanlar
kapali, sadece 1. fan acik, sadece 2. fan acik, sadece 3. fan agik ve biitiin fanlar acik olacak sekilde
farkli yangin senaryolari olusturularak simiilasyonlar yapilmistir. Yapilan analizlerden elde edilen bazi
sonuglar asagida verilmistir.

Yangin konumu 125 metre oldugu durumda 360. saniyenin sonunda, farkli fan aciklik senaryolar igin elde
edilen tiinel i¢i sicaklik dagilimlar Sekil 4’te gériilmektedir. Sekil incelendiginde; tiim fanlar kapali iken tiinel
ici sicaklik degerlerinin ¢ok yiikseldigi, tiinel girisinden 125 m uzakta meydana gelen yangin merkezi ve
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cevresinden tlinel ¢ikisina dogru can ve mal giivenligi i¢in uygun sicaklik sartlariin kalmadigi goriilmiistiir.
Buna karsilik tiim fanlarin agik olmasi durumunda tiinel i¢i sicaklik durumunun iyi seviyelere ulastigi, insanlar
icin tlinelden giivenli bir ¢ikis alaninin olustugu gozlemlenmistir. Sadece 3. fanin agik olmasi durumunda ise,
bu fanin konumunun yangm konumundan daha ileride kalmasi sebebiyle sicaklik lizerinde iyilestirici bir etkisi
bulunmadig1 belirlenmistir. Ancak sadece 2. fanin agik kalmasimnin 3. fana kiyasla daha iyi sonuglar verdigi
kanaatine varilmustir.

a)Tiim fanlar kapah

b)Sadece 1. fan agk

- |

c)Sadece 2. fan acik

- |

d)Sadece 3. fan agik

e} Tiim fanlar acik

5] o] oo w —
[=3 o = o = o

Sekil 4. Yangin konumu 125 m ve t=360 s i¢in sicaklik dagilimi, a)Tiim fanlar kapali, b)Sadece 1. fan agik,
c)Sadece 2. fan agik, d)Sadece 3. fan acik, e)Tiim fanlar agik
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Yangin konumu 125 metre oldugu durumda 360. saniyenin sonunda, farkli fan agiklik durumlar igin
elde edilen tiinel i¢i duman dagilimlar1 Sekil 5°te verilmektedir. Sekil incelendiginde, tiim fanlarin kapali
olmasi durumunda tiinelin biiyiik bir bolimiiniin duman ile kaplandigi, insanlar i¢in goriis mesafesinin
oldukc¢a azaldigi, duman miktarinin artmasina bagl olarak zehirli gaz miktarinin arttig1 ve insan sagligi
icin tehlikeli boyutlara ulagabilecegi goriilmektedir. Tiim fanlarin agilmasinin duman seviyesini 6nemli
Ol¢iide azalttig1, gorliniirlik diizeyini arttirmaya katki sagladigi ve giivenli bir ¢ikis icin daha fazla alan
meydana getirdigi gdzlemlenmistir. Tek bir fanin acik oldugu durumlar karsilastirildiginda, sadece ilk fanin
acik oldugu durumda tiinelin biiyiik bir kisminda goriiniirliigiin uygun seviyede oldugu gézlemlenmistir.
Sadece ii¢ilincii fanin agilmasinin duman dagilimi {izerinde 6nemli bir katki saglamadig belirlenmistir. Eger
tiinel icerisinde sadece tek bir fan agilabilecekse ise, bunun ilk fan olmasi gerektigi anlasilmaktadir.

a)Tiim fanlar keapah

b)Sadece 1. fan agik

cySadece 2. fan acik

I

d)Sadece 3. fan acik

!

e)Tiim fanlar acik

Sekil 5. Yangin konumu 125 m ve t=360 s i¢in duman dagilimi, a)Tiim fanlar kapali, b)Sadece 1. fan acik,
c)Sadece 2. fan agik, d)Sadece 3. fan acik, e)Tiim fanlar agik
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Sekil 6°da tiinel girisinden 75 m uzaklikta gergeklesen yanginda 360 saniye sonunda, fanlarin agiklik
kapalilik durumlarindaki degisimin tiinel boyunca olusan sicaklik degerleri {izerindeki etkilerini
gosteren egriler verilmistir. Sekilden de goriildiigii iizere, yangin merkezinde tiim fan durumlari igin
sicaklik degerleri en yiiksek seviyeye ulasmis ve yangin merkezinden tiinel ¢ikisina dogru ilerledikge
sicaklik degerlerinin azalip tiinel ¢ikisinda normal degerlere ulastigi goriilmistiir. Tim fanlar kapali
oldugu durumda, tiinel i¢i sicaklik degerlerinin diger fan durumlarina kiyasla daha yiiksek oldugu ve
tiim fanlarin a¢ilmasinin sicaklik degerleri iizerinde iyilestirici etkide bulundugu anlagilmistir. Sadece 1.
fanin veya sadece 2. fanin agik olmasi durumlarinin, sicaklik dagilimi iizerinde olumlu etkide bulundugu,
fakat sadece 3. fanin acik olmasinin tiim fanlarin kapali olmasiyla neredeyse es deger sonuglar verdigi
gbozlemlenmistir.

i60

140

120 + el He psi
Kapal
—tr—Sadece 1
Ack
~&—Sadece 2
Acik
=—eSadece 3

40 Acik
b*—l—ﬁ'—-ﬂ w—sfe== He psi Agtk

o T T T T T T T T

20 40 60 80 100 120 140 160 180

Sicaklik “C
2]
]

Yatay Uzunluk [m]

Sekil 6. Yangm konumu 75 m ve t=360 sn i¢in, sicakligin tiinel boyunca degigimi

Sekil 7°de tiinel girisinden 75 m uzaklikta gerceklesen bir yangim i¢in 360. saniye sonunda, fanlarin agiklik
kapalihk durumlarindaki degisimin tiinel boyunca olusan CO dagilimi tizerindeki etkileri grafiksel olarak
verilmigtir. Tlim fan durumlart i¢in yanginin merkezine yakin bolgelerde CO degerlerinin en yiiksek seviyede
oldugu goézlemlenmistir. Bu bolgelerde CO seviyesi insan sagligi icin tehlikeli sinirlara ulagmustir. Tiinel ¢ikigina
dogru ise CO normal degerlere ulagmistir. En kotii durum fanlarin hepsinin kapali oldugu durumda gergeklesmistir.
Fanlarin agilmast tiinel iginde olusan CO degerlerini azaltic etkide bulunmustur. Tek fan agik olmasi durumunda,
sadece 1. veya sadece 3. fanin agik olmasi benzer bir etkiye sebep olmustur. Ancak sadece 3. fanin agik oldugu
durumda, fanin konumunun yangin merkezinin ilerisinde olmasi sebebiyle CO seviyesinin diger durumlara gore
daha yiiksek oldugu gézlemlenmistir. Fanlarm hepsinin agik oldugu durumda ise, tiinel boyunca minimum CO
seviyesi gerceklesmis, 6zellikle tiinelin ¢ikisina dogru CO degerlerinde ani bir diisiis gdzlemlenmistir.

—B—Hepsi Kapah
—dr—3adece 1 Ak

—#—Sadece 2 Agik

0 [g/m’]

——>Sadece 3 Agik

Hepsi Agik

20 a0 &0 an 100 120 140 160 180

Yatay Uzunluk [m]

Sekil 7. Yangim konumu 75 m ve t=360 sn i¢in, CO seviyesinin tiinel boyunca degisimi
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Sekil 8’de tiinel girisinden 75 m uzaklikta gerceklesen bir yangin i¢in 360. saniye sonunda, fanlarin agiklik
kapalilik durumlarindaki degisimin tiinel boyunca olusan oksijen dagilimi {izerindeki etkileri goriilmektedir.
Sekil incelendiginde, fanlarin hepsinin kapali ve sadece 3. fanin agik oldugu durumlar i¢in ¢izilen egrilerin
birbirleri ile olduk¢a benzer oldugu goriilmektedir. Bu iki durumda da, 6zellikle yanginin baslangig
konumuna yakin bdlgelerde oksijen seviyesinin diistiigii belirlenmistir. Tiim fanlarin a¢ilmasi durumunda
ise, tlinel igerisindeki dumanin tiinel ¢ikisina dogru en iyi sekilde tahliye edilebilmesinden dolayi, tiinel
boyunca O, seviyesinin optimum diizeyde tutulabildigi gorilmiistiir. Sadece 1. fanin ve sadece 2. fanin agik
olmasi durumlarinin da, tiinel igerisinde ki O, seviyesine iyilestirici etkide bulundugu belirlenmistir.

250

200 —:
i —
.LE__ 150 Hepsi Kapal
'; —ir—Sadece 1 Ak
& 100 —s—Sadece 2 Agik
=3
= ———Sadece 3 Acik

Hepsi Agik

20 a0 &0 a0 100 120 140 160 180

¥atay Uzunluk [m]

Sekil 8. Yangin konumu 75 m ve t = 360 sn igin, O, seviyesinin tiinel boyunca degisimi

Sekil 9’da ise tiinel girisinden 75 m uzaklikta meydana gelen bir yangmnda tiim fanlarin acgik olmasi
durumunda, yangim baslangicindan 120, 240 ve 360 saniye sonundaki tiinel i¢i CO ve O, degerleri birlikte
gortilmektedir. Bu kapsamda CO’nun tiinel uzunlugu boyunca degisimi Sekil 9a’da, O,’nin tiinel uzunlugu
boyunca degisimi ise Sekil 9b’de verilmistir. Zamana bagli olarak yapilan analizler sonucunda yangin merkezi
ve yakin gevresinde, ilerleyen zamana bagl olarak CO degerlerinin ytikseldigi O, degerlerinin ise azaldig
goriilmiistiir. Tiinel ¢ikisina dogru ise zamana bagli olarak 6nemli bir degisim olmadig1 gézlemlenmistir.

4. Sonuclar

Bu caligmada, bir karayolu tiinelinde ¢ikan olas1 yangin senaryolart i¢in tiinelin yangin tahliye sistemi
sayisal olarak incelenmistir. Bu kapsamda, 1s1 yayilim oran1 5 MW olan olasi bir yangin kaynaginin tiinel
giriginden 2 farkli uzaklik i¢in konumlandirildig: ve tiinel girisinden farkli uzakliklara ti¢ adet aksiyel jet
fanin yerlestirildigi diigtintiliistiir. Biitiin fanlar kapali, sadece 1. fan agik, sadece 2. fan agik, sadece 3.
fan agik ve biitlin fanlar agik olacak sekilde farkli yangin senaryolar1 olusturularak analizler yapilmistir.
Yapilan analizlerin sonucunda, fanlarm agiklik kapalilik durumlarmin tiinel i¢i goriiniirliiliik, duman,
sicaklik, CO ve O, seviyelerini 6nemli 6lgiide etkiledigi gozlemlenmistir. Fanlarin hepsinin kapali olmasi
durumunda, yangin kaynakli olusan CO ve dumanin tiinel disina tahliye edilmesi i¢in gereken taze havanin
saglanamadig tespit edilmistir. Bundan dolayi, tiinel boyunca sicaklik ve CO seviyesinin yiikseldigi,
tiinel i¢i duman yayiliminin arttig1 ve O, seviyesinin ise azaldigi gézlemlenmistir. Dolayisiyla higbir fanin
calismadig1 durum i¢in, olast bir yangin durumunda tiinel i¢indeki ortamin insan sagligi i¢in olumsuz
ozelliklerde oldugu belirlenmistir. Sadece 3. fanin agik olmasinin, yangin kaynakli duman, sicaklik, CO ve
O, degerleri lizerinde ki iyilestirici etkisinin ¢ok diisiik diizeyde oldugu gézlemlenmistir. Ancak sadece 1.
fanin veya sadece 2. fanin agik olmas1 durumlarinin, insan sagligi i¢in daha efektif sonuclar verdigi kanaatine
varilmistir. Tiim fanlarin agik oldugu durumda ise, duman, sicaklik ve CO degerlerinin minimum seviyede,
O, degerinin ise maksimum seviyede gergeklestigi gozlemlenmigtir. Dolayisiyla, incelenen parametre
araliginda tiim fanlarin ac¢ik oldugu durumun optimum duman ve 1s1 kontrolii sagladigi soylenebilir. Ayrica
tiinel ¢ikigina daha yakin bir noktada meydana gelen olas1 bir yangimin duman tahliyesinin, tlinel girisine
yakin bolgede meydana gelen bir yangina kiyasla daha fazla gerceklestirilebildigi gézlemlenmistir.
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(b)
Sekil 9. Yangin konumu 75 m ve tiim fanlar agik oldugu durumda, farkli zaman anlar1 i¢in (a) CO ve (b) O,
seviyesinin tiinel boyunca degisimi
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Article History Abstract — In this study, the morphometric characteristics of Mount Ararat which is a strato-volcano
Received: 18.12.2021 are analyzed. Tirkiye’s highest Mountain, Mount Ararat, is located in Eastern Anatolia. The Mountain

takes the shape of two major volcanic cones after 2500 m height; these volcanic cones are named Greater
Accepted: 10.03.2022 Mount Ararat (5137 m) and Little Mount Ararat (3896 m). In this study, relief morphometry, basin
Published: 25.09.2022 morphometry, and drainage characteristics are morphometrically analyzed with Geographic Information
Research Article Systems (GIS) using 10x10 m resolution Digital Elevation Model (DEM). According to the analysis

results, there is an increase in the elevation on the high and steep slopes of the main cone and the slope
values increase up to 56° in some locations towards the summit. On the other hand, according to the
aspect analyses, 19.9% of slope faces are north-east direction, 14.7% of the slopes are north-direction,
9.4% are northwest, 9.8% are west, 10.7% are southeast, and 16.4% of the slopes are east direction.
These results support the fact that Mount Ararat extends in NW-SE direction and is formed on the basis
of a fault line in this direction. According to the grouping made by the altitude ranges analysis, the
decrease in the rate of elevation belts starting from the slopes of the mountain towards the top confirms
the structure of volcanic cone. Elevation differences in relative relief analyses range between 0 and 1141
m and this value increases to 1141 m on the slopes surrounding the summit. The cone structure of Mount
Ararat was prominent in transverse and longitudinal profile analyses.

Keywords — Eastern anatolia, geographic information systems, mount ararat,,morphometric analysis, strato-volcano

1. Introduction

Mount Ararat is at the intersection of the borders between Tiirkiye, Armenia, Azerbaijan, and Iran.
The volcanic mountain is formed on a circular base with a diameter of 30-35 km. Greater Mount Ararat
is Tiirkiye’s highest mountain with 5137 m elevation. Mount Ararat is a (strato-volcano) volcano that was
formed as a result of the multi-period and accumulation of lava and tuffs on one another (Figure 1). The
Cone-shape and high and steep slopes of the Mountain are the results of non-flowing lava that cools and
solidifies quickly. The volcanic mass, which is basically formed as a single body, rises as two separate
volcanic cones after 2500 m. The cone in the west is Greater Mount Ararat (5137 m) while the cone in the
east is Little Mount Ararat (3896 m). Greater Mount Ararat has a relative elevation difference of 4300 m
compared to [gdir plain, which is located in the North, and more than 3000 m compared to Dogubayazit
located in the south (Figure 2).

Increased with altitude, the degree of slope on the Mount Ararat varies between 0° and 56°. There is a
distances of 10 km between the summits of Greater Mount Ararat and Little Mount Ararat and they are
similar in terms of structure as they were formed in the same period (Atalay, 2017; Kaya, 2017; Sahin,
2011). Mount Ararat, which is a multi-period strato-volcano, consists of acidic lava flows, agglomerates,
and tuffs. As a result of the Quaternary volcanism, approximately 3x1012 tons of volcanic material surfaced
(Tiirkiinal, 1980). Agglomerate, volcanic breccia, obsidian, and ashes are common materials on the bases of
the cones while the last surfaced materials are tuffs. It is assumed that the cones were formed in two possible

1 vavci@bingol.edu.tr.

sunkarmurat@gmail.com
3 0 atoprak@firat.edu.tr
*Corresponding Author

2


http://doi.org/10.28979/jarnas.1037716
http://dergipark.org.tr/tr/pub/jarnas
https://orcid.org/0000-0003-1439-3098
https://orcid.org/0000-0002-4479-5023
https://orcid.org/0000-0001-6790-1856

Journal of Advanced Research in Natural and Applied Sciences 2022, Vol 8, Issue 3, Pages.: 505-526

_..--I"‘" B :
Aras River ™,

* o — 7

Lagoesd

L ]naks

[ | Pest:

'_:] Bl Therdeon
[ ] scuterncen
(5] comoms
m AT

i ; LA
. P ) Jj;rf#;.qqh’&f:__i',
Eelgst gupgapr’ T oo gl G =gt (| 2
C AT e i ) 1T

i r'._,_--' e, 0
o~ TR o
oo %ﬁ-_,_ ] { _:'L =
= o 3 .?"lf"" ,.-"'IJ 3 i I:.l
o )
hogn by wani -, At _.‘___,. 3 !."f'.
i "
B Ry
E" P SN 2l
- i, L b, R -
] a .-"' ; «."‘i ik - "
L5 e \ ey )
b ff_,...:' 1 N { = H .
WE

Figure 1. Location map of Mount Ararat.

phases according to their morphological status. According to that assumption, the andesitic structure of the
two cones was formed in the Early Quaternary in the first phase while young lava flows and parasitic cones
were formed in the Late Quaternary in the second phase (Blumenthal, 1958). Apart from this view, (Giiner
& Saroglu, 1987) state that Mount Ararat consists of 11 different stages (Tiirkecan, 2017).

Quaternary basalt, andesite, and pyroclastic rocks cover a large surface on Mount Ararat (Senel & Ercan,
2002). The alluvial materials were carried by the rivers originating from the summit of the Greater and the
Little Ararat and created thick deposits in the north-eastern fans (Figure 3). The permanent snow line on
Mount Ararat starts at 4000 m and after this elevation, a part covering 1000 m is in the permanent snow limit.
The summit of the mountain is covered with a wide ice cap glacier (Ering, 1953). Besides being the highest
summit of Tirkiye, Mount Ararat has a current 10 km2 ice cap (Arkel, 1973; Imhof, 1956). According to
(Blumenthal, 1956, 1958) 11 glacial tongues hanging from the ice cap with lengths varying from 1 to 2,5 km
reach to 4200 m on the southern slopes and 3900 m on the northern slopes (Ciner, 2003). Geomorphology
studies on the whole mountain haven’t been conducted because of the reasons such as the height of Mount
Ararat, the area it occupies, transportation and security. However, the glaciers on Mount Ararat have attracted
the attention of many researchers for a long time and there are many types of research about glaciers (Arkel,
1973; Blumenthal, 1956, 1958; Ciner, 2003; Ering, 1953; Imhof, 1956; Sarikaya, 2012; Azzoni et al., 2017).
According to the title of the article prepared by Azzoni et al., (2017) it is thought that the geomorphology
of Mount Ararat is investigated. However, by the content of the article it is understood that the glaciers on
the mount are studied using satellite images. Apart from the glaciers, catastrophic events having occurred in
Ahora Gorge on the mount is evaluated (Azzoni et al., 2019). In the literature, quantitative analyses reflecting
its topographic and geomorphological features have not been performed on Mount Ararat.

As it is difficult for today to study the geomorphology of Mount Ararat due to geographical conditions and
security issues, the goal of this study is to make morphometric analyses showing geomorphologic features.
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Figure 2. In Eastern Anatolia, Mount Ararat (Agr) is located at the intersection of the border between
Tiirkiye and Armenia, Azerbaijan and Iran. The Greater and Little Mount Ararat (a) and glaciers on the
Greater Mount Ararat (b).
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Figure 3. Geological map of Mount Ararat (The figure is drawn on the basis of MTA 1/500.000 scale
Geological Map of Tiirkiye, Van Sheet by (Senel & Ercan, 2002).
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Morphometry is defined as the analysis by using geographic information technologies for the purpose of
obtaining data about geomorphologic units on the basis of the altitude values of that region (DEM-Digital
Elevation Model). The data obtained with morphometric analyses can provide rapid and reliable information
about the drainage development in an area, influence level of the structure and lithology on this development
and distribution and properties of structure (Keller, & Pinter, 2002). Because of this advantage of morphometric
analysis, the method has been preferred in many recent studies on the issue (Avci & Sunkar, 2015, 2018; Avci,

Sunkar, & Toprak, 2018; Erginal & Ciirebal, 2007; Ozsahin, 2015; Topuz & Karabulut, 2016).

2. Materials and Methods

In order to analyze the geomorphological features of Mount Ararat, this article has been prepared using
also indices in addition to oral presentation. On the basis of lithology and morphology, the border of the
mountain has been determined according to topography, geological maps and satellite images. Analyses,
which reveal the cone- or shield-shaped structure of volcanic mountains within these boundaries, have been
used. In order to determine the morphometric properties of Mount Ararat, 15 morphometric analyses were
performed for analysing relief morphometry, basin morphometry and drainage characteristics (Table 1).

Table 1

Formulas and results used in morphometric analyses of Mount Ararat

No Morphometric Formula Reference  Result Unit
Parameter
1 Stream Order Hierarchical Rank (Strahler, 1to6  Dimensionless
1952a)
1% Order Suf= N1, N1 = 1% Order Stream (Strahler. 14.483  Dimensionless
Stream (Suf) 1952a)
3 Stream Number Nu=NI1+N2...... Nn, N1, N2= (Horton 19.041 Dimensionless
(Nu) Number of the streams. 1945)
4 Stream Length Lu=L1+L2.... Ln (Horton 5046,8 km
(Lu) L1, L2= Length of the stream. 1945)
5 Stream Length Lur=L1/Lu+1 (Horton 0,49-0,62 Dimensionless
Ratio (Lur) Lu= Stream Length (km) 1945)
6 Basin Area It was calculated with calculate (Schumm 1662 km?
(km?) geometry tool. 1956)
Drainace Dd=Lu/A (Horton 3,7 km/km?
Densi (% d) Lu= Total drainage length, 1932)
v A= Area.
3 Hypsometric y =h/H, x = a/A, y= Relative Height, (Strahler. Concave Dimensionless
Curve x= Relative Area 1952b) curve
Hi = (Hmean - Hmin)/(Hmax - Hmin),  (Strahler. 0,28 Dimensionless
Hypsometric Hmean= Mean elevation (m), Hmin= 1952b)
Integral Minimum elevation (m), Hmax=
Maximum elevation (m).
Derives aspect from a raster surface. 151,69 (0)
The aspect identifies the downslope
10 Aspect direction of the maximum rate of

change in value from each cell to its
neighbors (Arcgis Desktop Help, 2022).
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Table 1

Formulas and results used in morphometric analyses of Mount Ararat (Continued)

No Morphometric Formula Reference  Result Unit
Parameter

Identifies the slope (gradient, or rate of (Rich, 1916)  0°-56° (©)
maximum change in z-value) from each
cell of a raster surface (Arcgis Desktop

11 Slope Analysis

Help, 2022)
. . Rr=H - h, H= Maximum elevation (Smith, 1141 m
12 Relative Relief =\ ) 4 \finimum elevation (m). 1950)

1 . -18,2-  Di ionl
Z=—Z (eRZi calculates the (Jenness 8, imensionless

Topographic NR 2006) 25,1

13 .
Position Index  difference between the height (z) of point
and mean height (m). The Radius is R.
Topographic C=2’ +7° +7°, (Wilsonand  -21,36-  Dimensionless
14 Curvature 7= Elevation Gallant 24,52
Analysis C= Curvature 2000)
If each square represents a grid cell on a (Riley, 0-2,5 Dimensionless
Terrain digital elevation model then, DeGloria, &
15  Ruggedness TRI= Y[Z(xij - X,0)1"* Where xij Elliot, 1999)
Index elevation of each neighbor cell to cell

(0,0) (Riley, DeGloria, & Elliot, 1999)

The DEM data used in these analyses have been created using 1/25000 scale topography maps of General
Directorate Mapping (GDM, 2004) and Alos Palsar DEM data (ASF, 2019). DEM created from GDM and Also
Palsar data have been combined through Data Management-Raster-Mosaic to New Raster module in the ArcGIS
environment. All data in the study have been produced in the UTM WGS 84 Zone 38 projection system. Raster
data have been reclassified using Reclassify tool. These reclassified layers have been converted to polygons
through Conversion-Raster to Polygon tool. With this process, the area and ratio of the layer sub-groups have
been determined. SAGA GIS software was used to obtain DEM data and Topographic Position Index and
Terrain Ruggedness Index Maps were created accordingly. The data created by SAGA GIS were saved with
File-Grid-Export tool in the file format to be used in ArcMap environment. The study area was divided into the
sections of 1 km? grid; relative elevation differences of these grids were calculated by using zonal statistics which
show the difference between the highest and the lowest points. On the basis of this difference, a relative relief
map was created by using the Inverse Distance Weighted (IDW) method. The IDW method, which is one of the
interpolation methods, consists of a calculation based on a logic whose value effect decreases as the distance of
control points used in interpolation to the target point increases (Turoglu, 2011). On the other hand, transverse
and longitudinal profile series of Mount Ararat in the NE-SW and NW-SE directions were drawn.

3. Results and Discussion
3.1. Profile Analyses

Topographic profiles are one of the most reliable tools used for accurate description and interpretation
of landforms (Erol, 1993). The zigzag shape in a prepared profile shows that the topography in that area
is rugged and has been split dissected too much (Bilgin, 2013). Profiles that are drawn for defining and
bordering a morphological unit accurately provide highly reliable data in determining the processes through
which the shapes are formed. It is usually possible to define topography maps and undefined ground patterns
in field studies through these carefully drawn profiles. For this reason, profile analyses, which are under
estimated today, are considered as one of the first issues that should be evaluated in geomorphology and
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Figure 4. NW-SE and NE-SW directions profile series of Mount Ararat.

morphometry studies. In order to determine the morphological features of Mount Ararat, NW-SE and NE-
SW profiles were constructed (Figure 4).

Despite its massive structure, Mount Ararat is made of two high summits. The presence of a smaller summit
on the east of the main summit suggests that the mountain extends in the NW-SE direction. In fact, the
diameter of the mountain in this direction is higher than that of the other direction. According to the NW-
SE direction profiles, the Greater Ararat and Little Ararat cones start after the 2000-2500 m elevation range
(Figure 4). On the other hand, according to the transverse and longitudinal profile series, there is a greater
elevation difference between the mountain foot and the summit. Cone shape is very prominent in both
profile series and the slopes start to incline after 2500 m elevation. It is also determined that the mountain
rises on a wide base between 2000-1000 m elevation range.

3.2. Altitude Range Analysis

The altitude range analysis in morphometric analyses is used in the interpretation of topography. In
this analysis, the Digital Elevation Model (DEM) is used as the basis. According to the classification,
the elevation in the specifically limited area varies between 797 m and 5137 m (Figure 5). The volcanites
of Mount Ararat start after 1000 m elevation in Igdir Plain and 1500 m elevation in Dogubayazit Plain.
The base is characterized by lava flows up to 2000 m and takes a typical cone shape after this elevation.
There is a steady altitude increase between 2000-3000 m while the altitude increases at much shorter
intervals after 3000 m. The areas below the altitude ranges of 2000-3000 m constitute the lower slope
of the mountain while the upper areas constitute the cone. The area in this elevation range corresponds
to the lower slope of the cone while the areas above this elevation are considered the summit of the
Mountain.

DEM data in the studied area are divided into 18 classes; the size of each class is 250 m. In this classification,
the area covered by the 797-1000 m altitude range covers the widest area when compared to the other
ranges (Figure 6). It is determined that the young lava flows surfaced in the last period of the Mountain
spread over [gdir Plain; this process is one of the reasons that contributed to the width of this area. The areas
on 1000-1250 m altitude range correspond to the lava flows in Igdir Plain while they correspond to the plain
base in Dogubayazit Plain. The 1500-1750 m altitude range, which is the second widest area, corresponds
to the low volcanic plateaus around the mountain. The plateaus at this step are the volcanic terrain formed
by the spread of lava flows.
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Figure 5. Altitude ranges map of Mount Ararat
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Figure 6. Mount Ararat altitude ranges areal distribution.
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The altitude ranges between 797-1500 m have an approximate ratio of 44% in the study area according
to the proportional distribution of the altitude ranges. The ranges between 1500-1750 m have a 15% ratio,
1750-2000 m have a 12% ratio, 2000-2250 m have a 7% ratio, 2250-2500 m have a 5% ratio, 2500-2750
m 4%, 2750-3000 m 4%, 3000-3250 m 3%, 3250-3500 m 3%, 3500-3750 m 2% and the ranges between
3750-4000 m have a 1% ratio in the whole area (Figure 7).

o797-1000
O1000-1250
O1250-1500
O1500-1750
O17350-2000
O2000-2250
O2250-2500
B2500-2750
B2750-3000
W3000-3250
W3250-3500
W3500-3750
B3750-4000
B 4000-4250
B4250-4500
O4500-4750
B47350-5000
O5000-+

Figure 7. Mount Ararat altitude ranges proportional distribution.

According to the results of the analysis, the rate of the areas with an altitude below 2000 m. in the Mountain
is 71% while the areas above this altitude correspond to 29 % of the Mountain. According to the results of
this analysis, the areas covered by the altitude ranges surrounding the mountain proportionally decrease
towards the summit. This fact confirms that the mountain is morphologically in the form of a volcanic cone.

3.3. Slope Analysis

The most important analysis that reveals the character of topography is slope analysis. The slope
values of Mount Ararat vary between 0-56°. It is observed that the slope values generally increase in line
with the increase in volcanic cone elevation on the slopes, which generally becomes apparent after 2500
m. The slope towards the summit reaches 56° in the areas over 3500-4000 m elevations (Figure 8). The
dominant process that shapes the topography, breaks it up in different proportions, shapes slopes, and
ridges which are formed in different directions and causes different slope values is the fluvial processes
(Ardel, 1968). However, the effects of volcanic activity and glacial formation are also significant in the
formation of a high slope at the summits of the Mountain. There are high slope values in stream valleys
located on cone slopes in areas lower than 4000 m. Although the slope increases in line with the increase
in elevation, slope values decrease towards the lower slope of the cone. The high inclination difference
between the lower slope of the volcanic cone and the summit reflects the typical characteristics of the
volcanic cones (Avci et al., 2018).
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A007E

Figure 8. Slope map of Mount Ararat.

According to the slope map of Mount Ararat, there are important differences between the Eastern and
Western slopes of the Mountain. The slope values of the west-facing slopes are higher than the East.
Increased glacial activity on the East and North-East slopes supported the formation of the valley on these
slopes. Thus, the incline in the slopes eroded by glaciers and rivers increased. Apart from this formation,
young lava eruptions on the slopes facing northwest and southeast caused the slope to be partially low.
When the slope values of Greater Ararat and Little Ararat are compared, it can be seen that the slope of
the Mount Ararat regularly increases from the slopes of the cone to the summit. The inclination towards
the summit is very high as the cone of Little Mount Ararat is younger and less eroded than the Greater
Mount Ararat. On the other hand, as Greater Mount Ararat is older and higher than Little Mount Ararat,
the slopes around the summit are eroded by glaciers and streams. Because of this process, slope values
around the summit of Greater Mount Ararat are relatively low when compared to Little Mount Ararat.
According to the reclassified slope map, nearly half of the researched area, whose slope level varies
between 0 and 5°, constitutes 42% of Mount Ararat. Mountainside and the ranges in the mountainsides
of Mount Ararat aren’t included in the research field; this is why areas with low inclination cover a wide
area. On the other hand, the very same data indicates that the mountain starts on a very wide and flat base.
The areal and proportional change in slope groups from low to high reflects the typical characteristics of
the volcanic cone (Figure 9).

The ratio of the areas in the 0-5° slope group in the limited (study) area is 42%. Areas with a slope between
5-15° are 25%, areas with a slope between 15-25° are 17%, and areas with a slope between 25-45 © are 11%
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Figure 9. Areal distribution of the slope on Mount Ararat.

of the complete study area (Figure 10). The relative distribution of the slope groups gradually decreases
approximately one degree in each group. The volcanic cone is characterized by this decrease; 5% of the
slope groups have 45° and higher slope ratio.

Area and Percent Slope (km?)

279; 17%

mo-5 o515 ol5-25 @545 @45+

Figure 10. Proportional distribution of the slope in Mount Ararat

According to the slope analyses, the spatial and proportional distributions of the slope in Mount Ararat
reflect the characteristics of volcanic cones. The wide and low slopes around the Mountain are dominant
up to 2000 m altitude; there is a slow increase in the slope between 2000 m and 3000 m while there is a
rapid slope increase after 3000 m towards the summit. The parasite cones on the main volcanic cone and the
lava exit points in different areas led to the formation of different slope features on the greater cone. This is
clearly observed on the northwest and southeast slopes of the Mountain.
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3.4. Aspect Analysis

Aspect can be effective and guiding on environmental features in an area such as sunshine duration,
sunshine intensity, humidity, rainfall, and wind, which are some of the climatic elements (Wilson &
Gallant, 2000). According to the aspect map, the slopes facing north-northeast and south-southeast cover
more areal and proportional areas (Figure 11). This partial difference shows that Mount Ararat extends in
the direction of NW-SE. This result is also confirmed when aspect features are compared with the profiles.
The reclassified aspect map is converted from raster format to vector format and the area covered by each
aspect group is determined. According to the aspect map, the northeast slopes cover 1/5 of the study area.
According to the aspect map, the ratio of flat areas is 1.6%, the ratio of the northern slopes is 14.7%, the
ratio of the northeast slopes is 19.9%, the ratio of the eastern slopes is 16.4%, the ratio of the southeast
slopes is 10.7%, the ratio of the south slopes is 8.7%, the ratio of the southwest slopes is 8.7% the ratio of
the western slopes is 9.8% and the ratio of the northwest slopes is 9.4% (Table 2). While the total ratio of
the northern slopes is 44%, the ratio of the southern slopes is 28.1% (Figure 12). This distribution shows
that the mountain extends in the direction of NW-SE.
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Figure 11. Aspect map of Mount Ararat.

According to the results of the analysis, the aspect is mostly concentrated in the northern sector directions
and not distributed equally in all directions. The area covered by the northeast, northwest and southeast
slopes of Mount Ararat is wider. The western slopes cover the smallest area. This distribution directed the
glaciation on the mountain. Wider north-facing slopes have enabled the glaciers to extend further down the
northern slopes.
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Table 2

Areal and percentage distribution of aspect groups in Mount Ararat

Aspect reclassification Area (km?) Area (%)
Flat 27 1,6
North 244 14,7
Northeast 331 19.9
East 273 16,4
Southeast 178 10,7
South 144 8,7
Southwest 145 8,7
West 163 9.8
Northwest 157 9.4
Total 1662 100,0
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Figure 12. Areal and proportional distribution of aspect classes on Mount Ararat.

3.5. Relative Relief Analyses

Relative relief analyses are based on the calculation of the difference in elevation between the lowest and
highest points at a specific place. In the process of morphological development, the rivers deepen their valleys
by eroding backwards, towards the area of actual resource. In this way, the elevation difference between
valley floors and topography surface or summits where these valleys are buried increases throughout the
erosion period. Determining this difference, named relief amplitude, reveals the degree of dissected in an
area (Bilgin, 2013). It gives highly reliable results in terms of the specific period of fluvial process and the
effect of them in areas where these processes are prominent. According to the results of the analysis, it is
possible to reach safe conclusions in volcanic lands. The morphological structure of Mount Ararat is clearly
revealed through the relative relief analysis of the mountain. According to the results of the analysis, the
altitude difference varies between 0-1141 m per km?. This difference in such narrow distances is related to
the volcanic formation of the mountain. Relative relief values start increasing after 2500 m and reach high
values at very short distances on the slopes of the cone. It is determined that the relative elevation between
3000 m and the summit of the Mountain is very high on all of the slopes on the mountain. This indicates
that the Mountain summit is young and has not yet been splitted by rivers.
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Greater Mount Ararat relative relief values increase after 3000 m and maximum values are observed
between the summit and the elevations higher than this value. On the other hand, there are some decreases
and increases in relative relief values on different points of Little Ararat. Decreases in relative relief at some
points on the summit of Mount Ararat reflect the impact of glacial, stream and lava flows on this summit
(Figure 13). Relative relief values are low as young lava flows cover the surface on the mountainside of
both cones. The values decrease to values close to zero since the splitting disappears in the area of transition
from the mountain to the plains.
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Figure 13. Relative relief map of Mount Ararat.

3.6. Topographic Position Index Analysis (TPI)

The topographic position index (TPI) consists of the processes of classifying and standardizing a terrain
according to surface shapes and slope values, using cell values for each elevation step. At the end of the
analysis, positive values indicate areas with high elevations such as mountains and hills, negative values
indicate lower areas such as canyons and valleys, and index values close to zero indicate the ridges and
flat areas (Jenness, 2006; Weiss, 2001). Topographic Position Index is a data analysis produced by the
Digital Evaluation Model (DEM). According to the map formed by SAGA GIS software, the index values
range from -18.2 to 25.1 (Figure 14). The topographic position index, which is an important source for
geomorphologic maps, classifies the landforms. It determines the types of morphological variability in a
specific field (Jenness, 2006; Tagil & Jenness, 2008).

Topographic Position Index values are high at the summit of Mount Ararat because of the morphology
while the values are low in the valleys and piedmond created by rivers on the slopes surrounding the cone.
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Figure 14. Topographic position index map of Mount Ararat.

According to the results map, there was a considerable amount of lava flow towards Igdir Plain in the
northwest of Mount Ararat and towards Dogubayazit Plain in the south. On the other hand, there are other
valleys on the big cone, including Cehennem creek glacial valley.

3.7. Topographic Curvature Analysis

This analysis shows the rate of slope change as a geomorphologic feature (Figure 15). The curvature
function displays the shape or curve of the slope. A portion of a surface may be concave or convex. Curvature
analysis can be used for understanding erosion and flow processes and defining basin features of a drainage
basin. Profile curvature affects the acceleration and deceleration of flow, and consequently erosion and
deposition. In the field, a negative value indicates that the curve is convex, a positive value indicates that the
curve is concave while 0 indicates that the curve is linear (Florinsky, 1998; Shary, 1995; Smith, Goodchild,
& Longley, 2012).

Positive values morphologically indicate concave shapes such as valleys and canyons while negative values
indicate convex profiles such as ridges. In Mount Ararat analyses, important morphological shapes such
as valley, ridge, hill, lava flows and plateau plains are seen. Geomorphology studies make an important
contribution to limiting and defining shapes by combining topographic position analysis and this analysis
and using both methods in narrow distances.
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Figure 15. Topographic curvature map of Mount Ararat.

3.8. Terrain Ruggedness Index (TRI)

Terrain Ruggedness Index (TRI) is used to express the amount of the elevation difference between adjacent
cells of a digital elevation model (DEM). It is also used as a measure of land heterogeneity (Riley et al., 1999). TRI
provides new information about landslide morphology and is suggested to be specifically used for characterizing
the accumulated parts of landslides (Leopold, Wolman, & Miller, 1964; Rozycka, Migon, & Michniewicz,
2017). The topographic analysis of Mount Ararat indicates that this analysis can be used for determining volcanic
cones, lava flows and other volcanic geographical formations. The volcanic formations in the northwest and
south of the Mountain could be accurately determined by this method. According to this result, it can be said that
terrain ruggedness index can efficiently be used for identifying landforms on volcanic areas (Figure 16).

3.9. Stream Order Analysis

In the first stage of the drainage basin analysis, procedures for determining the stream orders are
performed. Branches of a stream are defined according to the hierarchical place of them in the basin of that
stream (Leopold et al., 1964). Strahler system (Strahler, 1964) classifies the smallest tributary as the first
stream order. The junction of the two first tributary streams is called the 2nd stream order and one upper
upstream is called the 3rd stream order. When different sequences (streams) are combined in this way, the
greater sequences (streams) form the upper order while the mainstream forms the stream segment of the
highest order (Strahler, 1964). The border based on Mount Ararat distribution volcanic material covers
1662 km?. The rivers in this area have a radial drainage network and the main flows are on the sixth order.
It is determined that there are 6 main flows and 19,041 smaller flows on Mountain Ararat (Figure 17).

519



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol 8, Issue 3, Pages.: 505-526

Legend
] rake
[ ] peak
[C_]] Mational Border
[Il Selement
[ Volcana Cane

lHigh 1235

() uormadyy "E-= g'| saupadinyg uwauag
o=
9

5
S
=
5

4400 =340

Figure 16. Terrain ruggedness map of Mount Ararat.

According to the analysis results, 1st order streams involve 14.483 flow sections while the 2nd order streams
involve 2.337 flow sections. The 6th order streams involve the lowest number of flow sections (8). It is
observed that there is a decrease in the stream frequency in line with the increase in the stream order. The
flows in the first-order account for 52.3% and the flows in the second-order account for 27.5% of the total
number of flows. 1st and 2nd order streams make up more than 75% of the area (Table 3). The 3rd and 4th
order streams account for 18%, while the 5th and 6th order streams account for 2.2% of the streams. All of
these results are specific to young volcanic cones.

Table 3

Number, length and order ratio of streams in Mount Ararat

Stream Order Stream Number Stream Length (km) Stream Order (%)

1 14.483 2638,8 52,3
2 2.337 1387,4 27,5
3 1.227 588,1 11,7
4 752 319,3 6,3
5 234 107.,8 2,1
6 8 5,6 0,1

Total 19.041 5046.9 100
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3.10. Drainage Density Analysis

It is known that drainage density varies with the agents such as climate, vegetation, gecomorphology,
soil and rock characteristics (Kelson & Wells, 1989; Moglen, Eltahir, & Bras, 1998). In this method, values
between 0 and 2 indicate low density, values between 2 and 2.5 indicate medium, values between 2.5 and 3
indicate high, and the values between 3 and higher indicate high drainage density (Malik, Bhat, & Kuchay,
2011). According to the analysis results, the drainage density is high in 18% and very high in 82% of the
river basins on Mount Ararat. According to these results, river activity was very dominant in the formation
of the Mountain. The morphological structure of the mountain and the ice cap glacier at the summit are
effective in this very high drainage density level. On the other hand, these results prove the young and high
volcano cone structure of the mountain. The northeast mountainside, where the drainage density is very
high, corresponding to the wide fans and show the efficacy of torrent streams (Figure 18; Table 4).

Table 4

Drainage Density and Percentage Values of Mount Ararat

Drainage Density (Dd) Sub-basin Percentage (%)
Low (0-2) 0 0
Medium (2-2,5) 0 0
High (2,5-3) 11 18,0
Very High (3- +) 50 82,0
Total 61 100
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Figure 18. Drainage density map of Mount Ararat

3.11. Hypsometric Curve and Integral

The hypsometric curve shows the distribution of height in a basin and gives information about geological
and geomorphological stages of basin development and basin erosion (Garg, 1983; Strahler, 1952b). The
hypsometric integral provides data about geomorphological development stages in an area. Integral values
vary between 0-1 and the proximity to O represents the mature basin and the proximity to 1 represents
the young basin (Keller & Pinter, 2002; Strahler, 1952b). For the hypsometric integral analysis of Mount
Ararat, the area in the boundary of the volcano cone was evaluated and the integral value was calculated
as 0.28. When other morphometric analysis results are compared with this analysis, the presence of wide
plains (except cone) on Mount Ararat is observed. According to this value, most of the analysed areas are
mature basins. While the slopes of the cone higher than 2500 m mean young topography, there are wide
volcanic plains below this elevation. Considering this topographic situation, it can be said that the result is

correct (Figure 19).

4. Conclusion

Mount Ararat is the highest mountain in Tiirkiye. Apart from this feature, it is also important for being
an existing ice-capped volcano. It is a strato-volcano formed on a circular area with an average diameter
of 30-35 km. The mountain consists of two volcanic cones above an altitude of 2500 m. The decrease in
the distance between the elevation ranges according to elevation map, the increase in the slope values
at the summit and the relative relief difference of 0-1141 m per km? show the morphological feature of
the mountain in the shape of cone. All analyses except that of aspect showing the extent support this
result. The volcano cones and the surrounding flats are noticeably separated according to the slope,
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Figure 19. Hypsometric curves of Mount Ararat (Drawn with the Calhypso plugin (Pérez-Pefia et al., 2009)

relative relief, topographic position, and topographic curvature analyses. Topographic position and
topographic curvature analysis demonstrates all of the main geomorphologic units on the mountainous
mass. Terrain ruggedness analysis is a reliable technique for observing and analyzing landslides; it has
been determined that the method is also reliable for analyzing volcanic areas. According to the data
obtained through this analysis, the boundaries of the lava flows are particularly very clear. The radiant
structure of the drainage specific to the volcano cones is evident in the stream order and drainage density
analyses. Morphometric analyses helps conducting detailed geomorphology studies in extremely wide,
volcanic terrain and topographically rough areas like Mount Ararat. It is clear that these analyses will
provide great, reliable support to accurate identification of some morphological units that are not very
prominent in the field.
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1. Introduction

Earthquake resistant building design principles should be considered in structures to be built in high earthquake-
risk areas. It is inevitable to change and update these principles over time depend on the developments in the
civil and earthquake engineering fields (Biiyliksara¢ et al., 2021; Aksoylu et al., 2020). Studies on Turkey's
earthquake hazard map and seismic design codes were initiated after 1939 Erzincan (Mw = 7.9) earthquake, that
was known as the largest and most destructive earthquake in the country and continued with earthquakes that
induced significant casualties over time (Ozmen, 2012; Isik, 2021). The legal earthquake zonation map in Turkey
was arranged in 1945, initially. (Ozmen and Pampal, 2017). The maps, which were changed in 1945, 1947, 1963,
1972, were updated in 1996 and this map was used until 2018. The earthquake hazard map was also updated
and started to be used according to Turkish Building Earthquake Code (TBEC-2018), that was updated in 2018
(Ozmen, 2012; Isik et al., 2021a). Turkey earthquake hazard maps used so far are given in Table 1 comparatively.

Table 1
Earthquake hazard maps used in Turkey

Year Names of Maps Method Used Zoning Type Number of Zones
1945 Earthquake Zones Damage based Regional 3

1947 Earthquake Zones Damage based Regional 3

1963  Earthquake Zones of Turkey =~ Deterministic Regional 4

1972 Earthquake Zones of Turkey =~ Deterministic Regional 5

1996  Earthquake Zones of Turkey Probabilistic Regional 5

2018  Turkish Earthquake Hazard Probabilistic Site-specific Site-specific
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The six earthquake hazard maps used in Turkey are shown in Figure 1.

Figure 1. Development of Turkey earthquake hazard maps (adopted from Ozmen and Pampal, 2017; Giines,
2015; AFAD, 2021)

Turkey Earthquake Hazard Map was arranged by AFAD (Disaster and Emergency Management Presidency)
within the scope of the project titled Updating the Seismic Hazard Map of Turkey. The concept of seismic
region has been removed and replaced by site-specific seismic risk with this map. However, regional-based
design spectra have been replaced by design spectra specific to each geographical location (Akkar et al.
2014; Ceken et al., 2017; Akkar et al., 2018; Akkar et al. 2018a; Karasin et al., 2020; Isik et al., 2021b).
Update has become inevitable not only in earthquake hazard maps, but also in seismic design codes, due
to developing technology, scientific innovations and new generation mathematical equations. The ongoing
changes and updates on ten different dates were finally completed in 2018 and entered into force in 2019
and was named TBEC-2018. The current seismic design code is much more comprehensive and detailed
than previous codes. One of the innovations in the current code, which includes many innovations and
updates, is the usage of the vertical earthquake effect in structural analyzes and evaluations.

Buildings are exposed to earthquake movements in three directions under earthquake impact (Yavas et al.,
2019). The first studies using different earthquake records in order to reveal the vertical effect of the earthquake
were made by Chopra (1966); Newmark et al. (1973); Weichert et al. (1986); Abrahamson and Litehiser
(1989); Bozorgnia et al. (1995); Papazoglou and Elnashai (1996) and Ambraseys and Douglas (2003a). As
a result of field observations, it has been proved that the damage of buildings during the earthquake can
be caused not only by exceeding the shear or bending capacity, but also by excessive axial stresses caused
by the vertical effect of the earthquake (Farsangi and Tasnimi, 2016). The vertical earthquake effect is an
important factor in increasing the axial forces in the structure (Papazoglou and Elnashai, 1996). Since the
vertical component of the earthquake is smaller than the horizontal component and the vertical loads are more
effective, the vertical component effect of the earthquake is ignored in the design of building-type structures
(Dogan ve Elmas, 2004). Unlike other earthquake codes, the vertical effect of the earthquake has been taken
into account initially with the updated seismic design regulation in Turkey. Structural analysis were performed
by researchers on buildings with dissimilar structural systems regarding the vertical effect of the earthquake,
and different results have been obtained (Giirel and Kisa, 2002; Dogan and Elmas, 2004; Bas et al., 2015;
Eren and Beyen 2015; Eren and Beyen, 2017; Kim et al., 2017; Abdolahiparsa et al., 2016; Loghman et al.,
2015; Chopra, 1966). It has also been clearly demonstrated in other studies that the vertical component of
earthquake effect must be included in the structural analyses for design of earthquake-resistant buildings
(Kalkan and Graizer, 2007; Kunnath et al., 2008; Kadid et al., 2010; Ambraseys and Douglas, 2003b; Jakayev
and Aydemir, 2019). These studies have shown that excessive axial stresses occur due to the vertical effect of
the earthquake, cause different damage distributions together with the change of axial forces in the columns,
significant increases in column shear forces with the addition of the vertical component of the earthquake, and
as a result, they may have serious effects on some structural elements.
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Structural analyzes were carried out for a steel building selected as an example, taking into account different
variables within the scope of this study. Four settlements with different earthquake hazards are one of the
variables. In this context, izmir, which is located in the 1% degree, Bitlis for the 2" degree, Samsun for
the 3" degree and Konya for the 4™ degree seismic zone in the prior earthquake zone map was selected. A
random geographical location was chosen in these provinces. Peak ground velocity (PGV), peak ground
acceleration (PGA), spectral acceleration coefficients (S, S,) and spectral acceleration coefficients for short
and long periods (S, S,,) for selected provinces were obtained using the Turkish Earthquake Hazard Map
Interactive Web Earthquake Application (TEHMIWA) (AFAD, 2021). The vertical and horizontal design
spectrum of these provinces have been obtained and compared. These current values were compared with
recommended values in the previous code. Structural analyzes for a 10-storey steel building selected as an
example using the obtained spectrum curves were carried out separately for each province with SAP2000
software. The steel building model, designed by the authors, was modeled within the framework of the
provisions given in the Principles for the Design, Calculation and Construction of Steel Structures-2016
(PDCCSS-2016) and TBEC-2018. Nonlinear time history analysis was used in all structural analysis. In
these analyses, earthquake effects in different directions were obtained separately for each province by using
the acceleration records of the 2020 Izmir (Mw = 6.9) earthquake. The displacement, rotation, base shear
and moment values for each direction were obtained separately. In this study, the earthquake behaviour
of the building was examined for different earthquake directions as well as the different design spectra to
be obtained for settlements with different seismicity. The results were evaluated, and interpretations were
made.

2. Earthquake Parameters Considered in the Study

It is known that site-specific design spectrum importantly affects the expected target displacements
from the structure (Isik et al., 2016; Kutanis et al., 2018; Isik et al., 2020). The design spectra obtained on
a regional-based in the prior earthquake code have been replaced by the site-specific design spectrum with
the current earthquake code. This study aims to obtain the impact of different design spectra, four different
settlements located in different earthquake zones in the 1996 Turkey Earthquake Zones Map, izmir, Bitlis,
Samsun and Konya were selected. The seismicity of these provinces is different from each other. While
making the selection, izmir (Center) as the 1% degree earthquake zone, 2™ degree Bitlis (Giiroymak), 3
degree Samsun (Center) and Konya (Center) as the 4" degree earthquake zone was taken into consideration
in the previous earthquake risk map. The representation of these settlements on the Earthquake Zones Map
in 1996 is given in Figure 2.

Seismic Hazard Map of Turkey

II. Degree 3
Il Degree
IV. Degree ]
V. Degree [

Figure 2. Turkey earthquake zoning map published in 1996 (Giines, 2015) and selected settlements

A random geographic location from these settlements was chosen. The representation of the locations
considered in the research and the current Earthquake Hazard Map of Turkey is given in Figure 3.

In TBEC-2018, which is currently used, the spectrum is defined in standard form or by site-specific earthquake
hazard analyzes depending on the map spectral acceleration coefficients and local ground effect coefficients for

529



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol 8, Issue 3, Pages: 527-542
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Figure 3. Turkey Earthquake Hazard Map (AFAD, 2021) and selected settlements

5% damping rate based on a certain earthquake ground motion level (TBEC-2018; Koger et al., 2018). Map
spectral acceleration coefficients corresponding to the geometric mean of earthquake effects in two perpendicular
horizontal directions, based on the reference ground condition (V=760 m/s) for a given earthquake ground
motion level, dividing the map spectral accelerations by the gravitational acceleration for 5% damping ratio are
defined as dimensionless coefficients. Dimensionless map spectral acceleration coefficients are defined within
the scope of Turkey Earthquake Hazard Maps for four different earthquake ground motion levels. The map
spectral acceleration coefficient (S) for the short period (0.2s) and the map spectral acceleration coefficient
(S,) for the long period (1s) can be obtained from the Interactive Web Earthquake Application, except for the
ZF ground class. These two coefficients have been used for the first time with the current code. In the previous
earthquake code, design spectra were obtained according to the maximum ground acceleration depending on
the earthquake region, while in the current code, design spectra are used depending on earthquake parameters
such as spectral accelerations in short and long periods to be determined with the help of this application. The
map spectral acceleration coefficients S, and S| are converted to the design spectral acceleration coefficients S
(Equation 2.1) and S || (Equation 2.2) for short and long periods as follows:

Sps = Ss. Fy @.1)

Sp1=S1.F1 (2.2

where Fs and F| are local ground coefficients that are being used for the first time with the current regulation.
S, PGA, S, F, PGV, S, F and S and vertical/horizontal design spectra have been obtained separately
for each of the different exceedance probabilities by using the earthquake web application. The comparison
of the PGA and PGV values obtained for the settlements considered in this study at four different earthquake
ground motion levels is shown in Table 2.

Table 2
Comparison of PGA and PGV for different exceedance probabilities

PGA (Peak Ground Acceleration) (g) PGV (Peak Ground Velocity) (cm/s)

Province Probability of exceeding in 50 years Probability of exceeding in 50 years
2% 10% 50% 68% 2% 10% 50% 68%
[zmir (Center) 0.844 0.454 0.174 0.124 52.739  27.621 10.237 7.422
Bitlis (Giiroymak) 0.549 0.296 0.118 0.085 32.870 17.748 7.483 5.408
Samsun (Center) 0.422 0.232 0.096 0.067 28.497 16.241 6.798 4.783
Konya (Center) 0.291 0.132 0.044 0.031 14.080 6.633 2.449 1.761
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The comparison of S, S, values for different earthquake ground motion levels is given in Table 3 for each
geographical location considered in this study by using the TEHMIWA.

Table 3

Comparison of map spectral acceleration coefficients for different exceedance probabilities

S, (Short period acceleration S, (Map spectral acceleration coefficient
) coefficient) for a 1.0 s period)
Province o .. .- .
Probability of exceeding in 50 years Probability of exceeding in 50 years
2% 10% 50% 68% 2% 10% 50% 68%
[zmir (Center) 2.127 1.115 0.416 0.297 0.544 0.274 0.104 0.076

Bitlis (Gliroymak)  1.355 0.705 0.277 0.199 0.360 0.198 0.083 0.059
Samsun (Center) 1.017 0.549 0.219 0.153 0.345 0.194 0.079 0.055
Konya (Center) 0.681 0.304 0.100 0.070 0.147 0.072 0.027 0.020

One of the important changes in the current code has been in earthquake ground motion levels. While the
previous code there was only a design earthquake with a probability of 10% to be exceeded in 50 years,
four different earthquake ground motion levels were expressed with the current code as 2%, 10%, 50% and
68% probability of exceedance in 50 years. The spectral coefficients and corner periods of the horizontal
and vertical elastic design spectra were shown in Figure 4.

Sae(T) Saen(T)
A

Horizontal

Vertical

Sps—

0.8Sps

Sp1 ....... \

0.4S0s-| | 0.32Sps! !

Tis) » Tis)

i — ; i ;
Ta Ts 1.0 T Tap Teo Two

Figure 4. The spectral coefficients and corner periods of the horizontal and vertical elastic design spectra

The spectral acceleration coefficients and corner period values of the design spectra for DD-2 earthquake
ground motion level in the last two codes were compared (Table 4). The same soil class was used in each
location to make comparisons of structural analysis results and seismic parameters among six different soil
classes envisaged in TBEC-2018. Considering the ZE soil class, both seismic and structural parameters were
obtained. As the weakest soil class, the ZE local soil class is considered for comparisons for all locations.

Table 4

Comparison of design spectral acceleration and period values

10% probabilit?/ Spectral Af:celeration Horizontal Vertical

of exceedance in Coefficients

50 years All Type Soils ZE

Provi TSDC-2007 TBEC-2018 TSDC-2007 TBEC-2018 TSDC-2007 TBEC-2018
rovinee S,, 0408, S, 0408, T, T, T, T, T,T, T, T,

[zmir (Center) 1 0.40 1.124 0450 0.15 0.90 0.143 0.714 2 0.048 0.238

Bitlis (Giiroymak) 0.75 0.30 0967 0.387 0.15 0.90 0.136 0.679 2 3 0.045 0.226

Samsun (Center)  0.50 0.20 0.890 0.356 0.15 0.90 0.146 0.731 § S 0.049 0.244

Konya (Center) 0.25 0.10 0.684 0.274 0.15 0.90 0.088 0.442 & 0.029 0.147
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The comparison of the PGA(g) values is given in Table 5, which have a 10% probability of exceeding in the
last two earthquake codes in 50 years.

Table 5

Comparison of PGA values for the last two earthquake codes

. PGA Earthquak PGA han
Province @ Oci 8) Zj; (61111939 66) @ &7) PGA ,,/PGA ¢ (zt A)f)ge
[zmir (Center) 0.454 1 0.400 1.135 13.50
Bitlis (Giiroymak) 0.296 2 0.300 0.987 1.33
Samsun Center) 0.232 3 0.200 1.160 16
Konya (Center) 0.132 4 0.100 1.320 32

The comparison of the horizontal design spectra obtained by using the Interactive Web Earthquake
Application for four different settlements is given in Figure 5.
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Figure 5. The comparison of horizontal design spectrum

One of the concepts that entered with the updated seismic design code is the vertical elastic design spectrum.
In this context, the comparison of the vertical elastic design spectra obtained from the earthquake application
for these settlements is given in Figure 6.
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Figure 6. Comparison of vertical elastic design spectra
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3. Aegean Sea Earthquake (Mw=6.9) on 30th of October 2020

An earthquake (Mw=6.9) strikes the epicenter of which was off the Aegean Sea, Izmir (Seferihisar) On
30th of October 2020. The earthquake lasted for about 16s and was felt in Greece, a neighboring country to
Turkey. The greatest acceleration was measured as 180.16 gal in the N-S component at Kusadasi (Aydin)
station (AFAD, 2020a). The station locations and measured acceleration values at the five stations closest
to the epicenter of this earthquake are given in Table 6.

Table 6

The five stations closest to the epicenter and the measured acceleration values (AFAD, 2020a)

Station Acceleration (gal) Distance
Province Town Latitude Longitude N-S E-W Vertical km
[zmir Seferihisar 38.1968 26.8384 51.035 81.116 34.453 34.75
Aydin Kusadas1 37.8600 27.2650 180.164  144.564  87.161 42.95
[zmir Urla 38.3232 26.7706 82.072 64.950 43.174 48.94
[zmir Menderes 38.2572 27.1302 763.916 46.433 43.701 51.38
[zmir Giizelbahge 38.3706 26.8707 47.418 48.544 35.011 54.57

This earthquake, which is thought to have caused a 30 km long faulting on the Samos Fault, caused loss of
life and property in Izmir city center due to the soil amplification effect and structural defects. 117 people
were died and 1032 people were injured after this earthquake (AFAD, 2020b). The acceleration records of
the 2020 Aegean Sea Earthquake were used in the structural analyzes for the sample steel building within
the scope of this study. The acceleration records of this earthquake in different directions are shown in

Figure 7.
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Figure 7. Records of Aegean Sea Earthquake (Mw=6.9) on 30th of October 2020

Izmir (2020) earthquake records were used in the study and the records were obtained from the AFAD
database. Considering the horizontal components of the earthquake and the vertical earthquake effect for
the earthquake record taken into consideration, dynamic analyzes were carried out by creating functions in
the time history with the response spectrums and earthquake records defined in the SAP2000 program in
accordance with the TBEC-2018.
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4. Results and Discussion

Structural analyzes were carried out by using the SAP2000 software. The directions and freedoms in the
software program are shown in Figure 8.

Z

Global
Origin

X Y

Figure 8. Directions and freedoms in the software used (SAP2000)

When making a definition with the local axis, the numbers 1,2,3 are used, and when defining with the global
axis, the X, Y, Z axes are used. Linear and nonlinear structural analyzes were performed within the scope
of this study. Time history analysis provides linear or nonlinear assessment of dynamic responses in the
structure under varying loading according to a certain time function. The dynamic equilibrium equations
specified by Equation 4.1 can be solved using modal or direct integration methods.

Ku(®) + CY, u(t) + Md"/, u() = r() (4.1)

Nonlinear direct integration history analysis is a nonlinear dynamic analysis method in which the
equilibrium equations of motion are fully integrated while a structure is subjected to dynamic loading.
The analysis includes the integration of structural features and behaviors over a series of time steps that
are small relative to the loading time (Tazarv, 2011). This type of analysis was used in this study. The steel
building chosen as an example was modeled by the authors considering the provisions of PDCCSS-2016
and TBEC-2018. Structural analyzes were carried out separately using the design spectra obtained for four
different settlements considered within the scope of this study and the earthquake acceleration record taken
into account. The structure has 5 spans in the X direction and each span is 10 m, and in the Y direction
7 spans and each span is 8 m. The total height of the building is 30 m, the floor heights are equal to each
other and are 3 m. The X-Z, Y-Z and X-Z axis sections of this structure are shown in Figure 9. In the steel
structure chosen as an example, IPE270 profiles for transverse beams, IPE400 for longitudinal beams,
HEBS550 for columns, and CHS 114.3x3.6 profiles for cross beams are used.
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Figure 9. Sections of the sample steel structure model
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Nonlinear behavior parameters for steel structures are specified in FEMA 273 Chapter-5. In this regulation,
the joint properties that must be defined for columns and beams are defined. The analysis model and
behavior properties of the structure in SAP2000 were carried out with the help of plastic hinges defined in
FEMA 273, with the intensified plasticity model. Plastic hinge properties were determined by the nonlinear
behavior coefficients given in FEMA 273. The properties of plastic hinges were determined with the help
of the coefficients given in FEMA 273.

Structural analyzes were carried out separately for each province, taking into account the X, Y, XY, YZ
and XYZ directions of earthquake effects in the steel building chosen as an example. Analyzes were made
using vertical and horizontal design spectrum which were obtained from the Interactive Web Earthquake
Application (TEHMIWA) and acceleration record of the Aegean Sea Earthquake (Mw=6.9) on 30th of
October 2020 and the structural analysis results were obtained. The maximum displacement and rotation
values obtained for earthquake loads effects in different directions for the provinces considered in this study
are shown in Table 7. The maximum displacement, rotation, base shear force and moment values were
obtained at the 3764 joint point and comparisons were made considering this joint.

Table 7

Maximum displacement and rotation values obtained for different provinces and directions

u u u r r r

Joint Province ! ? } ! ? }
m m m Radians Radians Radians
3764 [ZMIR X 0.23802 ~0 ~0 ~0 0.004518 ~0
3764 BITLIS X 0.17307 ~0 ~0 ~0 0.003815 ~0
3764  SAMSUNX  0.13716 ~0 ~0 ~0 0.002677 ~0
3764 KONYA X 0.13418 ~0 ~0 ~0 0.002616 ~0
3764 [ZMIR Y ~0 0.176943  0.00896  0.005176  0.000043 ~0
3764 BITLIS Y ~0 0.170053  0.00774  0.004279  0.000027 ~0
3764 SAMSUN'Y ~0 0.10919 0.0052  0.002839  0.000024 ~0
3764 KONYAY ~0 0.065722  0.00261  0.001862  0.000022 ~0
3764 IZMIR XZ 0.23802 ~0 0.01539 ~0 0.005092 ~0
3764 BITLIS XZ 0.17307 ~0 0.01331 ~0 0.004824 ~0
3764 SAMSUNXZ  0.13716 ~0 0.01068 ~0 0.003689 ~0
3764 KONYA XZ 0.13418 ~0 0.00839 ~0 0.003108 ~0
3764 IZMIR XY 0.23802  0.176943  0.00892  0.005176  0.004523 ~0
3764 BITLIS XY 0.17307  0.170053  0.00776  0.004279  0.003801 ~0
3764  SAMSUNXY  0.13716  0.10919  0.00523  0.002839  0.002661 ~0
3764  KONYAXY  0.13418  0.065722  0.0026  0.001862  0.002626 ~0
3764 iZMIR YZ ~0 0.176943  0.02247  0.005176  0.002271 ~0
3764 BITLIS YZ ~0 0.170053  0.01654  0.004279  0.00164 ~0
3764  SAMSUNYZ ~0 0.10919  0.01636  0.002839  0.001097 ~0
3764 KONYAYZ ~0 0.065722  0.00969  0.001862  0.001029 ~0
3764  IZMIRXYZ 023802  0.176943  0.02247  0.005176  0.005086 ~0
3764  BITLISXYZ  0.17306  0.170053  0.01654  0.004279  0.004827 ~0
3764 SAMSUNXYZ 0.13716  0.10919  0.01636  0.002839  0.003698 ~0
3764 KONYAXYZ  0.13418  0.065722  0.00972  0.001862  0.003106 ~0
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In the structural analysis, base shear forces and moment values were also obtained separately for each
province in the earthquake directions considered. The maximum base shear forces and moment values
obtained were shown in Table 8.

Table 8

Maximum base shear forces and moments obtained for different directions

. . FX FY FZ MX MY MZ
Joint Province N LN N N LN 1N
3764 [ZMIR X 10179 ~0 ~0 ~0 166582.9 278135
3764 BITLIS X 8557.4 ~0 ~0 ~0 129936 225745
3764  SAMSUN X 7094 ~0 ~0 ~0 99017.21 176770
3764 KONYA X 5962.4 ~0 ~0 ~0 87579.08 174110
3764 [ZMIR Y ~0 24081 ~0 346149.9 ~0 602036
3764 BITLIS Y ~0 21297 ~0 345487.8 ~0 532432
3764 SAMSUN'Y ~0 13377 ~0 205205 ~0 334437
3764 KONYAY ~0 10086 ~0 138152.6 ~0 252154
3764 [ZMIR XZ 10179 ~0 153273 4291656 3944923 278135
3764 BITLIS XZ 8557.4 ~0 116602 3264845 2914633 225745
3764  SAMSUN XZ 7094 ~0 98305 2752548 2331024 176770
3764 KONYA XZ 5962.4 ~0 47179 1321014 1261650 174110
3764 [ZMIR XY 10179 21297 ~0 3264845 2914633 761694
3764 BITLIS XY 8557.4 13377 ~0 345487.8  166582.9 477177
3764  SAMSUN XY 7094 10086 ~0 205205 129936 333662
3764  KONYAXY 5962.4 ~0 ~0 138152.6  99017.21 174110
3764 iZMIR YZ ~0 24081 153273 4353242 3972752 602036
3764 BITLIS YZ ~0 21297 116602 3445749 2896088 532432
3764  SAMSUNYZ ~0 13377 98305 2800802 2302348 334437
3764 KONYA YZ ~0 10086 47179 1349552 1153268 252154

3764 [ZMIR XYZ 10179 24081 153273 4353242 3944923 761694
3764  BITLIS XYZ 8557.4 21297 116602 3445749 2914633 699676
3764 SAMSUNXYZ  7093.8 13377 98305 2800802 2331024 477177
3764  KONYA XYZ 5962.4 10086 47179 1349552 1261646 333655

The comparison of the displacement and rotation values obtained for different directions for the province of
[zmir, which has the highest PGA value among the provinces considered, is presented in Table 9.

The comparison of the displacement and rotation values obtained for different loading situations in different
load conditions in izmir is shown in Figure 10.
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Table 9

Comparison of displacement and rotation values for Izmir

u u u r r r

Point Province ! : ’ ! ? ’
m m m Radians Radians Radians
3764 IZMIR X 0.23802 ~0 ~0 ~0 0.004518 ~0
3764 [ZMIR Y ~0 0.176943  0.00896 0.005176  0.000043 ~0
3764 IZMIR XZ 0.23802 ~0 0.01539 ~0 0.005092 ~0
3764 [ZMIR XY 0.23802  0.176943  0.00892  0.005176  0.004523 ~0
3764 [ZMIR YZ ~0 0.176943  0.02247 0.005176  0.002271 ~0
3764 [ZMIR XYZ 0.23802  0.176943  0.02247 0.005176  0.005086 ~0

The comparison of the displacement and rotation values obtained for different loading situations in different
load conditions in I[zmir is shown in Figure 10.

0,25 0,006

0,005
0,2

0,004
0,15

0,003

u(m)
r (Radyan)

0,1
0,002

0,05 0,001

0 | 0
x y Xz Xy yz xyz X y Xz Xy yz xyz
Directions Directions

mul(m) mu2(m) mu3(m) mrl (Radians) mr2 (Radians) mr3 (Radians)

Figure 10. Comparison of displacements and rotations for Izmir

The comparison of the base shear force and moment values obtained for the 3764 joint point for the province
of Izmir, which has the highest seismic risk among the provinces considered in this study, is shown in Table 10.

Table 10

Comparison of base shear force and moment values for [zmir

FX FIY FZ MX MY MZ
Point Direction

kN kN kN kNm kNm kNm
3764 [ZMIR X 10179 ~0 ~0 ~0 166582.9 278135
3764 [ZMIR Y ~0 24081 ~0 346149.9 ~0 602036
3764 [ZMIR XZ 10179 ~0 153273 4291656 3944923 278135
3764 [ZMIR XY 10179 21297 ~0 3264845 2914633 761694
3764 [ZMIR YZ ~0 24081 153273 4353242 3972752 602036

3764 IZMIR XYZ 10179 24081 153273 4353242 3944923 761694

The comparison of the base shear force and moments obtained for different loading situations in different
loads conditions in izmir is shown in Figure 11.

537



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol 8, Issue 3, Pages: 527-542

5000000
4500000
4000000
3500000

180000
160000
140000
120000

E 3000000
Z 100000 Z 2500000
o 80000 S 2000000

60000 1500000
40000 1000000

20000 500000
0 | I_l ll I_l.l_ 0
y x Xy vz xyz

Directions

Directions

mEX (kN) ®FY(kN) ® FZ(kN) B MX(kNm) B MY(kNm) = MZ(kNm)

Figure 11. Comparison of base shear force and moment for Izmir

5. Conclusions

Considering major earthquake damages and developments in earthquake engineering, renewal,
updating and additions are inevitable in earthquake risk zoning maps and earthquake resistant building
design principles. In Turkey, these processes have been carried out in seismic hazard maps and seismic
design codes over time. At different times, both earthquake resistant building design principles and the
arrangements made in earthquake hazard maps contain very important studies and achievements in reducing
earthquake damages. Structural analyzes were carried out for a sample steel building by considering both
the current map and the important changes in the regulation, taking into account the provinces with different
seismic risks and different earthquake directions within the scope of this study. In the structural analysis,
the acceleration records of the Aegean Sea Earthquake (Mw=6.9) on 30th of October 2020, which is one
of the most important earthquakes in Turkey recently, were used. It has been tried to reveal the effects
of different design spectra obtained depending on different earthquake zones and earthquake effects in
different directions on the earthquake behavior of the building with this study.

For the provinces considered in this study, the highest PGA value for the earthquake ground motion level,
which has a 10% probability of exceeding in 50 years, was calculated for [zmir as 0.454g, while the lowest
PGA value was obtained as 0.132 g for the same motion level for Konya. This situation preserved its validity
in PGV and map spectral acceleration coefficients, while the highest values were obtained for izmir and
the lowest values for Konya. Since there are randomly selected points, these values may differ according
to different geographical locations. The design spectral acceleration coefficients obtained according to the
current regulation for all the provinces considered were larger than the values predicted in the previous
earthquake regulation. The increase in design spectral acceleration coefficients was 12.4% for [zmir, 28.5%
for Bitlis, 78% for Samsun and 174% for Konya. PGA values, on the other hand, increased for the other
three provinces, excluding the geographical location selected in Bitlis. There was a small decrease in Bitlis
compared to the previous map. Vertical ground dominant periods (T,, T, ) have been used for the first
time with the current regulation. While T, and T, values, which are horizontal spectrum corner points,
took the same values for the same soil groups in the previous regulation, they take different values for
each geographical location in the current regulation. The displacement, rotation, base shear and moment
values obtained from the structural analysis results for the province of izmir, where the PGA value is the
highest, have the highest values in all the directions considered in the study. The lowest values were found
in Konya, where the PGA value was the lowest. This once again revealed the direct effect of the PGA value
on the design spectra and thus on the structural analysis results. In this context, together with the current
earthquake code, it reveals the necessity of site-specific design spectra.

The acceleration value measured for the [zmir earthquake was well below the PGA values predicted in the
last two earthquake codes and earthquake maps for Izmir. This shows that the current seismic design code
and map are sufficient for the province of Izmir. It can be said that it was caused an increase in structural
damage due to soil enlargement and insufficient structural characteristics and similar reasons.

All displacement, rotation, base shear force and moment values obtained for four provinces were obtained
in complete harmony. With the increase in PGA, the results of the structural analysis obtained for each
direction also took higher values. In this context, the highest displacement, rotation, base shear force and
moment values were obtained for Izmir, while the lowest values were obtained for Konya. This once
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again revealed that the seismic parameters of any region directly affect the structural analysis. For u, the
component in the X direction is active and the highest value is taken from the load combination where this
component is taken into account. For u,, the component in the Y direction is active and the highest value
is taken from the load combination where this component is taken into account. The highest values for u,
were obtained for the loading case YZ and XYZ. In this case, it can be said that the Y and Z components
are effective for the displacement in this direction. The r, rotation values have their highest value in the
loading cases of Y, XY, YZ and XYZ is taken into account. Here, it can be said that the Y component is
more effective. While the highest value for r, was obtained in XZ loading condition, the highest value was
obtained for r, in Y and XY loading conditions. Considering all the load combinations, the highest u, was
obtained for X, XZ, XY, XYZ; foru,; Y, XY, YX, XYZ and u, for YZ, XYZ. The highest displacement was
calculated as 0.238 m at u . The largest rotation was obtained for r, as 0.00517 radians. While the highest
values for F_were obtained from the loads with the component in the X direction, the highest values were
obtained from the loads with the Y component in general. The highest values were obtained as a result of the
loads in which the Z-direction component was active in F . All the results obtained reveal the importance of
using all data related to the earthquake when calculating the impact of the earthquake on the structures. The
effects of different earthquakes with different components on structures will also be different.

When the displacement, rotation, base shear force and moment values obtained for the provinces and
different directions considered in this study were examined, it was determined that the vertical earthquake
effect did not significantly change the results obtained for the horizontal direction. Within the scope of this
study, only one earthquake record, namely the Aegean Sea Earthquake (Mw=6.9) on 30th of October 2020,
was used for a regular steel building without irregularities. These results may vary in earthquakes with
different frequency content and structures with irregularity. In addition, the dominance of the horizontal
and vertical components of the earthquake, which will be taken into account in the structural analysis, may
also affect the results.
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