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Highlights

e 1 In this study, Cu-Ni SiC (Copper-Nickel coated SiC) composite samples were produced by
electric current assisted sintering (ECAS) method
e 2 The matrix component Copper powder was successfully produced by cementation method.

e 3 SiC powders were coated with Ni by electroless plating method.
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ABSTRACT: In this study, Cu-Ni coated SiC composite samples were produced by electric current
assisted sintering (ECAS) method by adding electroless nickel coated SiC powders to copper powders
produced by cementation method at the ratios of 0.5, 1 and 1.5 wt%. The relative densities of the produced
samples were measured by Archimedes’ principle, their microstructures were examined by SEM-EDS,
dominant phases were determined by XRD technique; microhardness and electrical conductivity
measurements were made. The relative density of undoped copper was determined as 99.42% and the
relative density value of Cu-Ni SiC composite samples decreased to 98.35% at most with increasing SiC
ratio. The hardness values of Cu-Ni SiC composite samples increased from 120HV to 145HV with the
addition of SiC; electrical conductivity values decreased from 90.41 IACS (International annealed copper
standard) to 58.56 IACS.

Keywords: Cu-Ni SiC, Copper Matrix Composite, Cementation, Relative Density, IACS

1. INTRODUCTION

Copper is the 26th most abundant element on earth. The electrical conductivity of copper ranks 2nd
after silver among all metals. It has an important place in the industry and has a wide range of uses because
it makes alloys such as brass and bronze [1]-[3]. There are different copper production methods
depending on the properties of the ore used as raw material. These methods are grouped as
hydrometallurgy, pyrometallurgy and electrometallurgy.

In this study, the matrix material was produced by precipitating copper powder from copper sulphate
solution by cementation method. Reduction and precipitation of copper from dilute sulfuric acid leach
solutions with the help of iron is the oldest hydrometallurgical method. The process of reducing and
precipitating a metal in its aqueous solution with the help of another metal without the aid of any electric
current is called cementation. In the cementation method, the more noble metal ion in the solution is
precipitated by adding a more basic metal to the solution in a neutral state. In this method, the metal
reduced from the solution is called "cement" and the more basic metal added to the solution is called
"cementator". The general reaction equation for this precipitation process is as follows :

mN™ + nM = nM™ + mN @
In this equation, "N" indicates the more noble metal and "M" indicates the reducing metal. In copper
cementation, Cu?* ions are reduced by more basic metals such as iron, zinc, aluminum as a result of the
electrochemical process. The reactions that take place in the cementation of copper with iron are as follows;

Semicellular reactions;

*Corresponding Author: Tuba YENER, tcerezci@sakarya.edu.tr
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Cu? +2e-=Cu (Eo=+0.34 V) (2)
Fe =Fe? + 2e- (Eo=+0.44 V) )
Full reaction;

Cu? + Fe = Fe?* + Cu (Eo = +0.78 V) 4)
The reaction for copper sulphate solution is as follows;

CuSOs+Fe=FeSOs+Cu(E~+0.78V) )

In addition to these, there are also side reactions that can occur in the solution, which can be shown
as the main factors that reduce the efficiency of the cementation process. Solutions used on an industrial
scale may contain Fe?* and Fe®* ions. Another side reaction that will occur in this case;

Fe¥ + e-=Fe? (Eo=+0.771 V) (6)
The other reaction that may occur is as follows;

Fe + Fe2 (S04)3 = 3FeSOs (Eo =+1.211 V) (7)
The reverse reaction that can occur with reduced copper is as follows;

Cu + Fez (SOxs)s = 2FeSOs + CuSOs (Eo = +1.211 V) (8)

Since waste copper solutions usually contain sulfuric acid, another reaction that can occur during the
cementation of copper with iron is as follows;

Fe + H2 SO4 = FeSOs + H2 9)

Copper and its alloys are very important engineering materials to date due to their high corrosion
resistance, excellent electrical and thermal conductivity, attractive appearance, high ductility and ease of
forming. They have the best electrical conductivity after silver and very high thermal conductivity
between silver and gold [4]. However, due to their high cost, silver and gold are rarely used in conductive
applications. In terms of bulk applications, the most commonly used conductive materials are aluminium
and copper. Copper is preferred mainly because of its higher conductivity and higher strength compared
to aluminium [5], [6]. A significant disadvantage of copper is its strength of 390 MPa. This is because pure
copper, even if hardened by cold forming, recrystallizes at temperatures close to 100°C and therefore loses
its strength quickly. Adequate electrical conductivity and high strength and hardness compared to pure
copper can be obtained by alloying pure copper. However, since it is not desirable to reduce the electrical
conductivity too much, the alloying elements to be added to pure copper

are only 2%, and in many applications in smaller amounts. The disadvantage of low- alloyed copper
used in conductivity applications is the rapid loss of properties due to the coarsening of precipitate
particles at high temperature. In order to solve this problem, copper matrix metal matrix composites
reinforced with ceramics such as oxide, boride and carbide have been developed due to the stability of
ceramic particles at high temperatures [3]. In this study, in order to increase the strength of the copper
matrix, it is aimed to reinforce it with SiC due to its high elastic modulus and high thermal conductivity.
In order to avoid wetting problems at the Cu and SiC interface, SiC particles were coated with Nickel by
electroless plating method.

Electroless nickel plating is a pretreatment technique especially for materials with high surface
resistance [7]. Electroless nickel plating is the more popular variation of electroless plating with some
different properties [8]. Electroless nickel plating technique is based on the conversion of nickel ions into
nickel metal by reducing the effect of nickel ions on the catalytic material surface. It was first developed
by Brenner and Riddel in 1946. A reductant, sodium hypophosphite, added by the researchers to remove
unwanted oxidation products from electrolytic nickel plating baths, led to nickel deposition and thus a
very important industrial metal plating method was permanently discovered. The major advantage of
electrolytic nickel plating is that it provides a uniform coating thickness so that it can be easily coated on
uneven surfaces and in any contact with the solution [9]. It is used in almost every field. It has a wide
range of applications from simple knitting needles to aerospace applications. The most important feature
of electroless nickel coatings is wear resistance and corrosion resistance [8], [9].

Cu-SiC composites combine both the superior ductility and toughness of copper and the high strength
and high modulus of SiC reinforcements. They can be used as electrical contact materials in relays,
contactors, switches, circuit breakers and other switchgear components [10].
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In this study, Cu-Ni SiC composite samples were obtained by ECAS method by using the powder
mixtures of cemented copper and Ni coated SiC. The microstructure and morphologies of these samples
were examined by SEM, phase structures were dedected by SEM-EDS and XRD analysis and their relative
densities, hardnesses and electrical conductivities were measured and compared with each other.

2. MATERIAL AND METHODS
21.1. Copper Powder Production

Anhydrous CuSOs (99% purity, Merck), H2SO4 (Sulfuric Acid) (99% purity), Pure Fe Powder (99%
purity, 10 um Merck) and Distilled Water were used to produce Cu powders by cementation. Copper
powder was obtained by precipitation from 0.1 M CuSOs solution by cementation method. The equation
for the cementation method is as in Equation 10.

CuSO:s + Fe = FeSO4 + Cu (10)
The production flow chart of copper powder is given in Figure 1.
’ CuSOy4 ’ ‘ Pure Water ’

J
Mixing ]-—{ H,S0, J

Solution ‘ i
H=2 }«—{ Fe powder ’

1

Mixing

#'

‘ Precipitation

i

Washing
(Pure water
pH=2)

L

=
[
w
=
=
«Q
S
=
- |

ure water ’

L

Drying at 80 OC}

(vacuum oven

‘; Cu powder

Figure 1. Schematic representation of the production of cemented copper powder

2.2. Nickel Plating of SiC

For electroless Ni plating of SiC powders; SiC powder (Struers 80-99.9% purity), SnClz solution (Sigma-
Aldrich, 99.9% purity), purified water, HCI Acid, Ammonia (NH3 ) (Sigma-Aldrich, 99% purity), Sodium
stearate (Sigma-Aldrich, 99% purity), and nickel powder (Sigma-Aldrich 1um) were used. The main
purpose of electroless Ni coating on SiC is to increase the wetting between SiC and Cu. In order to perform
this process, the solution prepared from the mixture of SiC, SnClz, H20, and HCI weighed in cytometric
ratios was stirred with a magnetic stirrer at 1500 rpm for 1 hour. After filtration, activation, coating,
washing and drying, Ni coating on SiC powders were obtained. The main objective of electroless nickel
plating technique is to keep the coating thickness at minimum level and to maximize the wettability with
the matrix material. The electroless Ni coating process is shown schematically in Figure 2.
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Figure 2. Schematic representation of Electroless Ni coating on SiC.

After sintering, the compacts were hot pressed at 400°C under 200 MPa pressure with a uniaxial
chydraulic press. After pressing samples were grinded and metallographically prepared. The schematic
representation of sintering by ECAS method is given in Fig. 3. The produced composite samples were
grinded to 1200 grit sandpaper level and polished with 0.3 um alumina in accordance with metallographic
sample preparation methods. The polished samples were characterized by SEM-EDS, hardness and
electrical conductivity methods.

2.3. Fabrication of Copper-Ni coated SiC Composites

Cemented copper powders and Ni coated SiC powders were homogeneously mixed as Cu-0,5-1-
1,5wt.% Ni-SiC and pressed under 150 MPa pressure in a uniaxial hydraulic press to obtain compact
samples. The compacts were embedded in graphite powder and placed in the mould in an ECAS process

Using ECAS for sample consolidation results in shorter process and faster heating times, as well as
lower sintering temperatures. To consolidate or synthesis the sample for required configuration and
density, this technology applies an electric current while also applying mechanical pressure [11]-[14]. The
compacts were sintered with an electric current in the range of 2200-2500 amperes for 2 minutes.

Mechanical
Pressure

A 4

Current/Voltage

Unit

Electrode

(] g

Mechanical
Pressure

Figure 3. Schematic representation of sintering by ECAS Method [11], [15].

2.4. Characterization

Microstructural characterization and elemental examination of the phases of as-prepared composites
were carried out by using SEM-EDS (JEOL LV6060, in HV with 20 kV)
Phase characterization and verification of EDS were realized by XRD analysis using Cu-Ka« radiation
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with wavelength of 1.54 nm in a range of 20-90°.

Hardness measurements of the samples are important in terms of providing information about the
properties of the material such as strength and elastic modulus. Hardness values were determined by
taking the arithmetic mean of 6 different measurements under 100 g load from metallographically
prepared samples with an Emcotest DuroScan 70G5 model microhardness indenter.

Electrical conductivities of composites as well as cemented copper sample were measured by using
Sigmatest D 2.068 model instrument.

Relative densities of composite samples were measured according to Archimedes method by taking
of both dry and wet weights of each samples.

3. RESULTS AND DISCUSSION

SEM images of copper powders produced by cementation method at different magnifications are
given in Figure 4.

1SkU X18, 884

(a) (b)

Figure 4. SEM image of copper powder produced by cementation at different magnifications

SEM images show that the powders are about 5-10um in size (Fig. 4a), but at higher magnification it
is seen that real size of Cu powders are in submicron size and they agglomerated (Fig. 4b). It is thought
that the first nucleated powders were submicron sized and then coalesced and agglomerated. The formed
powders have a spherical morphology. G. Granata et al. reported that both temperature and surfactants
have an important role on particle size [16]. R. Jhajharia et al. stated that the powders obtained in cemented
copper production have polygonal morphology [17].

Figure 5 shows the SEM-EDS analyses of cemented copper powders. It is seen from the SEM image in
the analysis that the powders are submicron in size. In addition, it was determined from the SEM-EDS
analysis result that the powder grains are completely copper and contain trace amounts of oxygen.

Wit.
% 1 2 3

O 0142 1561 0.416
Cu 99.858 98.439 99.584

Figure 5. SEM-EDS analysis of copper powders produced by cementation
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XRD analysis of copper powders produced by cementation method is shown in Fig. 6. Characteristic
peaks of copper and a very small peak of Cu20 were obtained. It is thought that the trace amount of Cu20
formation occurs during the drying stage of the cemented copper powder after production.

14000
o: Cu,O
e: Cu
12000
L ]
10000
8000
E
S
£ 6000
2
o L]
E
4000 .
. A
2000
Cemented Copper
Powder
0
30 40 50 60 70 80

20(%)

Figure 6. XRD graph of cemented copper powders.

SEM micrographs of electroless nickel coated SiC powders at different magnifications are shown in
Figure 7. SiC grains are dark grey and light grey/white flashes indicate nickel coating. It is seen that SiC
grains are homogeneously coated with Ni. Ni coated SiC powder helps to reduce the Kirkendall voids
between SiC-Cu when it is added to copper matrix. Nickel/Copper (Ni/Cu) interfaces are applied in
various fields such as the fabrication of thermoelectric modules and soldering applications [17]. At Cu-Ni
interfaces, it has been shown that nickel can inhibit dislocation slip and reduce effective dislocation

velocities [18], [19].

(a) o (b)

Figure 7. SEM images of electroless Ni coated SiC powders at different magnifications.

The SEM-EDS analysis result of Ni coated SiC powders is given in Figure 8. From the SEM image, it
can be seen that Ni coating occurs by nucleating and stacking on top of each other. All the dots in the EDS
analysis results taken from different points indicate Ni and prove that the electroless Ni coating process
was successful.
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Wit. 1 2 3 4
%

C 1516 2130 0.580 0.235

Si 1974 0.381 0.151 0.567

Ni 96.51 97.48 99.269 99.198

Figure. 8. EDS analysis of electroless Ni coated SiC powders.

After this section, the abbreviation Cu-Ni SiC is used when referring to Cu matrix composite
specimens reinforced with Ni coated SiC sintered by ECAS method. The relative densities of the test
specimens measured by the Archimedes method are given in Table 1 together with pure copper.
Considering the results obtained, a relative density of more than 99% was obtained in pure copper. This
value is higher than the values in the literature produced by cementation method. In addition, with the
addition of Ni SiC, the relative density values of Cu-Ni SiC composite samples decreased slightly. This
is thought to be due to the pre-coating of SiC particles with Ni. As a matter of fact, Cu-Ni surfaces came
together instead of Cu-SiC. Since Cu and Ni atoms are fully soluble in each other, a good bonding was
formed at the interface.

Table 1. Relative density values of cemented Cu and Cu- 0.5-1-1.5wt. % niSiC composites
Wt. %SiC Relative Density, %Number

0 99.42
0.5 98.60
1 98.45
1.5 98.35

SEM micrographs of Cu-Ni SiC composite samples sintered by ECAS method at 700 °C for 2 minutes
are given in Figure 9. In Figure 9, the Cu matrix is in grey color, and the reinforcement component is
darker. As can be seen from the figures, Ni coated SiC particles, which are the reinforcement component,
are relatively dispersed homogeneously in the matrix.
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¢) Cu-1wt.%niSiC d) Cu-1.5wt.%niSiC
Figure. 9. SEM images of cemented Cu and Cu- 0.5-1-1.5 wt.% Ni SiC composites

SEM-EDS analysis of Cu-% 0.5wt.Ni SiC composite sintered at 700°C is given in Figure 10. The
presence of Ni was detected in dot analyses obtained from Cu-SiC interfaces which shows that the Ni
coating is successful.

o 1 2 3
C 1.124 12.057 9.342
0 2.705 2.906
Si 5.071 39.211 70.209
Fe 0.452 0.403 0.439
Ni 2.644 1.688 1.170
Cu 88.004 43.271 18.291
Here. - 0.464 0.550

Figure 10. SEM-EDS analysis of cemented Cu- 0.5wt.%Ni SiC composite

XRD patterns of Cu-Ni SiC composites are given in Figure 11. All characteristic peaks of Cu and SiC
were detected and the intensity of SiC peaks increased with the increasing amount of the SiC.
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Figure 11. XRD patterns of cemented Cu and Cu 1-1.5 wt.% niSiC composites

The microhardness values of the test specimens with pure copper measured by the Vickers hardness
method are given in Table 2. In the microhardness measurements, care was taken to ensure relatively
homogeneous coverage of Cu and SiC by the indenter. As can be seen from Table 2, the hardness of the
composite samples increased with increasing reinforcement amount. In their study, M. Barmouz et al.
reached a maximum hardness of 115 HV 0.1 in composite samples with SiC added to copper [2].

Table 2. Relative density values of cemented Cu and Cu-%niSiC composites

Sintering Temperature 700° C

wt.%niSiC Microhardness (HV)
0 132
0.5 140
1 145
15 148

The electrical conductivity variation versus SiC amount is given in Figure 12 showing that the increase
in the amount of reinforcement component shows that the electrical conductivity of the samples decreases
compared to pure copper. The addition of SiC, which is an insulator in pure copper, prevents electron
movement in the structure and decreases the conductivity since the electron movements are homogeneous
and short distance distributed in the structure [3].
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Figure 12. Electrical conductivity (%IACS) variation of cemented Cu and Cu-Ni SiCcomposites

4. CONCLUSIONS

In this study the matrix component Copper powder was successfully produced by cementation
method. SiC powders were coated with Ni by electroless plating method. The production technique was
ECAS while producing Cu-Ni SiC composites Sintering procedure was conducted at 2200-2500 amperes
for 2 minutes. From the SEM examinations of the composite samples it was observed that Ni -SiC particles
were homogeneously dispersed in the copper matrix. Hardness of the Cu-Ni SiC composites increased
and the relative densities decreased slightly with the increase in the SiC ratio added to copper. Relative
density results showed that the density of the Cu- 1.5wt.% ~iSiC composite decreased by only 0.5%
compared to 100% Cu without niSiC. Cu and SiC were identified as the dominant components in XRD
patterns. The electrical conductivity values of the composites decreased by 27% at most with an increase
in the amount of reinforcing component and they are in agreement with the density and hardness results.
All results show that Cu-~i SiC composites can be used in on-off contacts up to 1 wt%niSiC reinforcement.
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ABSTRACT: The silica-calcium-magnesium ternary aerogels were prepared by a solvent exchange
method and a subsequent ambient pressure drying process. The effect of process parameters such as
feeding rate (9-70 mL.min') and molar ratio (5i/(Ca:Mg) = 1:1 - 3:1) on the material characteristics
including density, elemental content, surface area, pore size, pore volume, and morphology of powders
were investigated. Aerogels were characterized by Fourier transform infrared spectroscopy (FTIR),
inductively coupled plasma optical emission spectroscopy (ICP-OES), scanning electron microscopy
(SEM), Brunauer-Emmett-Teller (BET), Barrett-Joiner-Halenda (BJH) and tapping density analysis. It
was found that the molar ratio of Si/(Ca:Mg) could remarkably affect the surface area and density of
aerogels, while the feeding rate had slight effect. The resultant aerogels exhibited high specific surface
areas. The results showed that the aerogel has a Si/(Ca:3Mg) molar composition obtained with 9 mL.min-
T had the highest surface area (524 m?2.g™'). The increase of Ca to Mg molar ratio caused a decrease in the
surface area and density of samples. The resultant aerogels are promising candidates as adsorbents to
remove various contaminants.

Keywords: Ambient pressure drying, Co-doped silica, Pore structure, Structural evolution, Ternary aerogel
1. INTRODUCTION

Silica aerogels are three-dimensional porous nanostructures which have exceptional and unique
features such as high porosity (80-99 %), high surface area (up t01200 m2g), low density (down to
0.003 g.cm=) and low thermal conductivity (0.005-0.021 W (m-K)) [1,2]. Accordingly, silica aerogels have
attracted great attention in various applications ranging from thermal insulation to the aerospace sector
during the past decades[3].

Since silica aerogels are potential candidates for a wide variety of applications, scientists are actively
studying on the production of aerogels with suitable properties to be used in different branches of
industry. The range of aerogels can be efficiently increased by incorporating a minor component to the
silica aerogel [4]. Many researchers have focused on the preparation of different types of silica aerogels
such as silica [5], alumina-silica [6, 7,8], copper-silica [4], titania-silica [9,10], zirconia-silica [11,12],
vanadium-silica [13], calcium-silica [14], and alumina-silica-titania [15, 16] aerogels. The charming point
of multi-component aerogel production is the possibility of processing their structural, textural, and
catalytic properties according to specific requirements [16]. However, the production of multi-
component aerogels is generally complicated and expensive depending on the different hydrolysis rates
of the starting sols and supercritical drying method. The surface areas of multi-component aerogels are
generally low compared to the traditional silica aerogels. The commercialization of hybrid aerogels can
be enhanced via the optimization of process parameters and also by employing simple ambient pressure

*Corresponding Author: Pinar TERZIOGLU, pinar.terzioglu@btu.edu.tr
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drying processes instead of supercritical drying [17, 18].

The present study aimed to synthesize silica-calcium-magnesium ternary aerogels using water glass
as silica precursor via ambient pressure drying method. To the best of our knowledge, this is the first
study investigating the effect of different synthesis parameters such as feeding rate (9-70 mL.min") and
Si/(Ca:Mg) molar ratio on the structure and properties of silica-calcium-magnesium ternary aerogels.
The properties of the aerogels were carried out using FT-IR, ICP-OES, SEM, and N: adsorption-
desorption techniques to describe their structural evolution.

2. MATERIAL AND METHODS
2.1. Materials

Calcium chloride dihydrate (CaCl2.2H20), Magnesium chloride hexahydrate (MgCl2..6H20), n-
Heptane (for analysis) and Ethanol (absolute, >99.0%) purchased from Merck KGaA (Darmstadt,
Germany). Sodium Silicate (Na20.3,1S5i02, Module-2 - Bome 36-50) Chem Pure purchased from Ege
Kimya (Istanbul, Tiirkiye).

2.2. Preparation of silica-calcium-magnesium ternary aerogels

The silica sol was prepared by diluting water glass (Na20.3,15i02) with distilled water (1:4 v/v). The
metal sol was prepared by dissolving the appropriate amount of CaCl2.2H:0 and MgCl..6H2O in
distilled water (150 mL). Then the metal sol was fed into the silica sol via a peristaltic pump (Heidolph
Pumpdrive 5201, Germany) at a feeding rate of 9, 35 or 70 mL/min while the silica sol was constantly
stirred. The precipitate was further vigorously stirred for 15 minutes. The reaction flask was capped with
a watch glass and then the precipitate was aged for 24 hours at 50 °C in an oven dryer (Elektro-mag,
Turkey). After the aging step, the gel was washed with distilled water (300 mL) to remove the excessive
sodium salts. Subsequently, the gel was soaked in ethanol (150 mL) and stirred vigorously using a
mechanic stirrer (Heidolph RZR 1, Germany) for 1 minute to remove water from the pores. The mixture
was filtered and the same solvent exchange step was repeated for a second time. However in the second
cycle instead of filtering the ethanol, the gel was aged in ethanol for 24 hours at 50 °C. Then ethanol was
replaced with n-heptane using the same procedure. The surface modification of gels was achieved by
aging in n-heptane for 24 hours at 50 °C. Finally, the mixture was filtered and the gels were dried in
gradually at 70 °C for 20 hours, 90 °C for 2 hours and 110°C for 2 hours in an air dryer.

Table 1. The molar composition of produced silica-calcium-magnesium aerogels

Composition Si/(Ca:Mg) ratio
Si/(Ca:3Mg) 1/1
Si/(Ca:Mg) 11
Si/(3Ca:Mg) 11
2Si/(Ca:3Mg) 2/1
25i/(Ca:Mg) 2/1
25i/(3Ca:Mg) 2/1
35i/(Ca:3Mg) 3/1
35i/(Ca:Mg) 3/1
35i/(3Ca:Mg) 3/1

After the determination of a suitable feeding rate, the aerogels were produced with different molar
ratios of Si/(Ca:Mg) (shown in Table 1). The molar ratio of silica to total of calcium and magnesium was
taken as 1:1, 2:1 and 3:1 and also, the ratio of calcium and magnesium between each other was selected
as 1:1, 1:3, and 3:1.
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2.3. Characterization of silica-calcium-magnesium ternary aerogels

Surface area, pore size and pore volume of aerogels were determined using a Micromeritics TriStar
IT 3020 surface area and pore distribution analyzer at 77 K. The BET method was used to estimate the
specific surface area of aerogels (SBET), while the BJH method was used for pore size and pore volume
calculation. The SEM was conducted using a modal of ZEISS EVO® LS 10. FTIR spectra were recorded
with a Shimadzu IR Prestige 21 spectrometer. The ICP-OES were performed by Shimadzu ICPE-9000 to
determine the elemental composition of aerogels. The tapping density was evaluated as described by
Temel et al. [3].

3. RESULTS AND DISCUSSION
3.1. Effect of the feeding rate on the properties of silica-calcium-magnesium ternary aerogels

Feeding rate may have an important role in the textural properties and morphology of materials
[19]. The variation of surface area, pore size, pore volume and density of aerogels due to the feeding rate
of the sol was demonstrated in Table 2. It is obvious from the results that the surface area of aerogels
increased slightly with the decreased feeding rate. The maximum BET-specific surface area (469 m? g™')
occurred in the aerogel with 9 mL.min" feeding rate. Increasing the feeding rate from 9 to 70 mL.min",
led to the decrease of surface area to 433 m2.g™! and also the pore size. The aerogels had mesopore sizes
ranging from 3.15-4.44 nm which shows that the particles were small [3]. Additionally, the mesopore
volumes of aerogels were in the range of 0.26 to 0.37 cm?3.g"l. When the tapping density of aerogels was
investigated, the aerogel obtained with 9 mL.min! feeding rate tendered the lowest density value (0.287
g.cm?). Keeping these in view, further experiments were conducted using 9 mL.min feeding rate.

Table 2. Effect of the feeding rate on the textural properties and density of silica-calcium-magnesium
ternary aerogels

Feeding rate  Sser - Pore volume Density
(mL.min?) (m2.g") BJH Pore size" (nm) (cmd.g") (g.cm?)

9 469 4.44 0.37 0.287
35 468 3.25 0.27 0.487
70 433 3.15 0.26 0.393

* The pore size values were obtained from the desorption part of the N2 adsorption-desorption isotherm
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Figure 1. N2 adsorption/desorption isotherms of the aerogels prepared with a) 9 b) 35 ¢) 70 mL.min"!
feeding rate

Figure 1 shows the N: adsorption-desorption isotherms of silica-calcium-magnesium ternary
aerogels. A type IV isotherm with a combination of H1-type hysteresis loops was encountered for the
aerogels. These indicate the presence of interconnected mesopores with cylindrical geometries and open
at both ends. It is clear from the N2 sorption isotherms that the volume adsorbed increases slowly at low
relative pressure. This result can be attributed to the fact that the samples contain little amount of
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micropores [15].

Table 3. Effect of the feeding rate on the elemental content of silica-calcium-magnesium ternary aerogels

Feeding rate (mL.min) Elemental content (%)

Si Ca Mg Na
9 94.08 1.37 419 0.36
35 88.65 2.14 9.21 <0.123
70 93.68 1.89 4.43 <0.123

The effect of the feeding rate on the elemental content of silica-calcium-magnesium ternary aerogels
is given in Table 3. The feeding rate of metal sol slightly effected the elemental content of ternary
aerogels. It was determined that the incorporation of Ca and Mg was higher when the feeding rate was
35 mL.min". The incorporation trend was similar for 9 mL.min! and 70 mL.min! feeding rates.

EHT = 10.00 kv WD = 7.0mm Signal A = SE1 Mag = 2000 KX

EHT = 1000 KV WD = 70mm Signal A= SE1 Mag= 2000KX

Figure 2. SEM micrographs of aerogels prepared with a) 9 mL.min"!, b)35 mL.min", )70 mL.min-!
feeding rate

Figure 2 displays SEM micrographs of the ternary aerogels prepared with different feeding rates.
The micrographs reveal that the aerogel prepared with 35 and 70 mL.min! feeding rate was made of
small agglomerates of spherical particles. Interestingly, the aerogel prepared with 9 mL.min'! are
observed to be composed of cloud-like nanoclusters. This further verifies the previous N2
adsorption/desorption results.
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3.2. Effect of the molar ratio on the properties of silica-calcium-magnesium ternary aerogels

Initial sol parameters including the precursors for the silica and other components, the molar
composition of precursors, water content, and catalyst considerably affects the pore characteristics and
other properties (e.g. morphology, transparency etc.) of the final aerogels [20]. The effect of the molar
ratio on surface area, pore size, pore volume and density of aerogels is given in Table 4. It was clear that
the variation in molar ratio had a considerable effect on the textural properties of aerogels. All the
ternary aerogels exhibited high surface area except 35i/(3Ca:Mg) aerogel (161 m2.g™"), small pore volume
(£0.37 cm?3.g1), and small pore size (<5.46 nm). The increase of Si to (Ca:Mg) molar ratio led to a decrease
in surface area while the increase in density. When the Si to (Ca:Mg) molar ratio increased from 1 to 3
the surface area of aerogel decreased from 524 to 393 m?gl. The surface area and density of samples
decreased with the increase of Ca to Mg molar ratio in the ternary system whereas, a reverse trend was
found for the pore sizes. Conversely, the surface area and density of aerogels increased with the
increment of the Mg to Ca molar ratio. When all these results are evaluated together it could be seen that
the Si/(Ca:3Mg) sample had the highest surface area (524 m2.g™).

During the silica-calcium-magnesium ternary aerogel preparation process, various bonds (e.g. Si-O-
Si, Si-OH) were produced by hydrolysis reaction. Hereby, bonds interconnect to form a three-
dimensional network structure [21]. Therefore, the variation of textural properties could be attributed to
the different hydrolysis and condensation reaction rates of the chemicals (e.g. the cation exchange
reaction of CaO with SiO- groups to form Ca(OSi-)2 and the (Mg, Ca) O replaced with the Na2O in the
N20nSiOz2) [22]. We propose that too much Ca might diminish the cross-linking degree of the bonds
which results in the deterioration of the pore structure of aerogel. In this situation, compact particles
form and thus a reduction in the specific surface area occurs due to the lack of nitrogen access into some
of the pores. However, the incorporation of magnesium led to the occurrence of porous agglomerates in
the network accordingly raises the surface area.

The pore volume of ternary aerogels ranged from 0.23 to 0.37 cm3.g'. In general, the porosity of
aerogels was related not only to the pore size but also to the number of pores [23]. In this study, the
porosity of the aerogels depends substantially on the pore size. This indicates that probably the number
of pores was almost equal for all the samples and their sizes primarily effect the pore volume.

Table 4. Effect of the molar ratio on the textural properties and density of silica-calcium-magnesium
ternary aerogels

Molar Sser BJH Pore size Pore volume Density
Composition of (m2.g1) (nm) (cmd.g") (g.cm?)
Aerogels

Si/(Ca:3Mg) 524 4.37 0.33 0.366
Si/(Ca:Mg) 469 4.44 0.37 0.287
Si/(3Ca:Mg) 420 4.93 0.37 0.266
25i/(Ca:3Mg) 514 3.22 0.29 0.473
25i/(Ca:Mg) 434 3.50 0.29 0.385
25i/(3Ca:Mg) 242 5.16 0.30 0.245
35i/(Ca:3Mg) 393 3.21 0.23 0.569
35i/(Ca:Mg) 301 4.20 0.29 0.397
35i/(3Ca:Mg) 161 5.46 0.28 0.313

The reported textural properties of binary and ternary silica aerogels are summarized in Table 5. The
surface area of different aerogels varied from 158 m2.g™' to 524 m2.g'. Thus, the surface area as well as
pore size and pore volume of aerogels can differ by many factors including molar composition and
process parameters.


http://tureng.com/tr/turkce-ingilizce/considerably

910 B. KARAKUZU IKiZLER, P. TERZIOGLU, T. M. TEMEL SOYLU, Sevil YUCEL

Table 5. Comprasion of textural properties of silica-calcium-magnesium ternary aerogels with hybrid
aerogels

Aerogel Type ST Pore size Pore volume  Reference
(m2g?) (nm) (cm3.g7)

Alumina/Silica 231 31.7 1.86 [24]
Ceria/Silica 404 - - [25]
Iron/Silica 158 - 0.27 [26]
Zirconia/Silica 395 10.9 1.09 [11]
Alumina/Titania/Silica 235 22.6 1.29 [15]
Calcium/ Silica 198 4.37 0.203 [14]
Calcium/Magnesium/Silica 524 4.37 0.33 In this study

The variation of molar ratio had no effect on the type of N2 adsorption—-desorption isotherms (not
given). The type isotherms of the aerogel were determined to be of type IV which is characteristic of
mesoporous materials [27].

The SEM micrographs of aerogels prepared with various Si-, Ca- and Mg molar ratios are given in
Fig 3-5. As can be seen from SEM images, aerogels are composed of small particles and pores. The
diameters of the particles were in the range 2-80 pm. Aerogels consisted of irregular agglomerates that
were formed by spherical nanoparticles. Agglomerates had a grape-like appearance. We supposed that
the grape-like structure was made up of spherical particles and also a porous spongy structure was
formed spontaneously. The samples with higher Mg molar ratio had bigger agglomerates compared
with the samples with higher Ca molar ratio (Fig.4 a-c). This verifies that the particle growth of the
aerogels was limited by the incorporation of calcium.

EHT = 10.00 kv WD = 60mm Signal A= SE1 Mag= 1.00KX

EHT = 10.00 KV WD = 6.0mm Signal A = SE1

Figure 3. SEM micrographs of aerogels with (a) Si/(Ca:3Mg), (b)Si/(3Ca:Mg) molar composition
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HT = 1000 KV WD = 6.0mm Mag= 1.00KX

Figure 4. SEM micrographs of aerogels with (a)25i/(Ca:3Mg), (b)2Si/(Ca:Mg), (c)2Si/(3Ca:Mg) molar
composition

EHT = 10.00kV WD = 60mm Signal A= SE1 Mag = 3000K X

Figure 6 presents the FTIR analysis of the silica-calcium-magnesium ternary aerogels. Pure silica
aerogel is known to exhibit the asymmetric and symmetric vibration of the three-dimensional Si—-O-Si
work at nearly 1062 and 794 cm™, respectively as previously reported by Temel et. al. [3]. For the ternary
aerogels, FT-IR showed that the 1062 cm™ band shifted towards a lower wave number (1010 cm™). The
shift confirms the incorporation of Ca and Mg to the network. Similar result was reported by Wu [27] for
metal incorporated silica aerogels. The other main difference was the formation of a peak at about 1450
cm™ with the increased Ca amount (Fig. 6 c). This behavior may result from the formation of calcium
carbonate due to the reaction of surface adsorbed carbon dioxide with calcium [15]. In addition, the
board band between 3750 and 3200 cm™ and centered at about 1630 cm! ascribed to the surface
adsorbed OH groups (water).
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EHT = 10.00 KV WD = 6.0mm

EHT = 1000 kv WD = 6.0 mm Mag= 3000K X

=70mm Signal A = SE1 EHT = 1000kV

EHT = 10.00 KV WD = 7.0mm

Signal A = SE1 Mag= 1.00KX EHT = 10.00 KV WD=7.0mm Signal A = S Mag = 30.00K X
Figure 5. SEM micrographs of aerogels with (a)35i/(Ca:3Mg), (b)3Si/(Ca:Mg), (c)3Si/(3Ca:Mg) molar
composition
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Figure 6. FT-IR spectra of silica-calcium-magnesium ternary aerogels with a)Si/(Ca:3Mg), b)Si/(Ca:Mg) c)
5i/(3Ca:Mg) molar composition
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Table 6. Effect of the molar ratio on the elemental content of silica-calcium-magnesium ternary aerogels

Sample Elemental content (%)
Si Ca Mg Na

Si/(Ca:3Mg) 94.06 0.75 4.73 0.46
Si/(Ca:Mg) 94.08 1.37 4.19 0.36
5i/(3Ca:Mg) 91.20 2.87 5.69 0.24
25i/(Ca:3Mg) 90.50 0.89 8.25 0.36
25i/(Ca:Mg) 92.11 2.67 4.60 0.62
25i/(3Ca:Mg) 91.29 5.47 2.72 0.52
35i/(Ca:3Mg) 90.51 1.96 6.33 1.20
35i/(Ca:Mg) 89.88 4.45 481 0.87
35i/(3Ca:Mg) 88.39 7.90 2.88 0.83

The effect of the molar ratio on the elemental content of silica-calcium-magnesium ternary aerogels
is presented in Table 6. The results showed that there was small amount of sodium salts in the aerogel
structure. The total incorporation of Ca and Mg increased with the increased silica content as expected.

4. CONCLUSIONS

It is important to control the process parameters during the aerogel production. A series of
mesoporous silica-calcium-magnesium ternary aerogels with various feeding rates and Si/(Ca:Mg) molar
ratio were prepared by a solvent exchange method followed by an ambient pressure drying method.
The aerogel prepared with 9 mL.min? feeding rate exhibited a higher surface area (469 m2g™) than the
samples prepared with higher feeding rates. All the aerogels were mesoporous confirmed with a type IV
Nz sorption isotherm. The surface area and density of aerogels were greatly affected by the Si/(Ca:Mg)
molar ratio. The surface area and density of produced aerogels varied from 161 m2.g™" to 524 m2.g"1 and
0.245 g.cm?® to 0.569 g.cm?, respectively. The surface area and density of aerogels increased with
increasing Mg/Ca molar ratio from 1 to 3. The results showed that aerogels having different properties
could be obtained by varying the process parameters.
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Onemli Katkilar (Highlights)

e Delgi veriminde pasa irilikleri (PIK) performaslari kiyaslanarak degerlendirme yapilmistir.

o Delgi hiz1 (PR) istatistikleri ile delici u¢ performanslari analiz edilmistir.

e Delici ug tipinin ve dizayninin delgi hizi(PR) ile pasa irilik kat sayis1 (PIK) arasindaki iligki
incelenmistir.

e Button tip delici uglarin arastirma igin kullanilan sahada daha az pasa kirintisi tirettigi ve daha hizh

ilerledigi gozlemlenmistir.
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OZ: Bu calismada Himmetdede ocaklarinda kullanilan delici makineler ile delgi islemi yapilmistir.
Delici uclarinin 6zelliklerine goére 3 farkli bit tipi kullanilmistir. Button ve yari balistik olarak
adlandirilan bu delici ug tiplerinin isletme sahasinda verimliligi kiyaslanmas1 yapilmistir. Delik delme
verimlerinde gerceklesen degisimlerin incelenmesi amaciyla arazide delik delme siireleri dl¢iilmiis ve
buna bagli olarak her bir delici ucun delme hizlari (PR) hesaplanmis ve delik delme islemi sonucunda
acgiga cikan kirintilardan temsili 6rnekler alinarak laboratuarda elek serisi ile smiflandirilarak her bir
delik icin pasa irilik katsayilar1 (PIK) hesaplanmistir. Elde edilen biitiin veriler birlikte degerlendirilerek
farkli delici ug tipleri i¢in delme verimlerinde gergeklesen degisimlerin incelenmesi ile s6z konusu
granitoid ocaklarinda gergeklestirilen delme islemi i¢in uygun ug tipi belirlenmeye calisilmistir.

Anahtar Kelimeler: Delgi Biti, llerleme hizi, Pasa irilik kat sayisi (PIK)

Evaluation of Percussive Drilling and Selection of Suitable Bit:
The Case of Kayseri Himmetdede Quarry

ABSTRACT: In this study, drilling was done with the drilling machines used in Himmetdede quarries.
According to the characteristics of the drill bits, 3 different bit types were used. Efficiency comparisons
of these drill bit types, called button and semi-ballisticc were made in the field of operation. To
determine the changes inefficiency of drilling operations, penetration rates were observed on the field
and drilling rates (PR) of each drill bit accordingly calculated. Then the coarseness index was calculated.
As a result of the drilling operations the coarseness index was calculated for each hole by taking
representative samples from exposed crumbs and classified by sieve series in the laboratory.
Suitablebittypewastriedtoidentifyforthegranitoidquarriesbyexaminingthealldatatogetherwhich includes
the changes in efficiency of drilling operations.

Keywords: Drill bit, Penetration rate, Coarseness index(CI)
1. GIRiS INTRODUCTION)

Delme patlatma yontemi ile iiretim yapilan bir isletmede delik delme makinesinin se¢iminden sonra
uygun delici ucun se¢imi de ¢ok dnemlidir. Delme isleminin maksimum verim de olabilmesi i¢in delici
ug se¢imi yapilirken ug Ozellikleri ile delme isleminin yapilacagi formasyonun ozelliklerinin ilintili
olmas: gerekir. Bu nedenle delme isleminin yapilacagi formasyonun ozelliklerine gore delik delme
isleminde kullanilacak ug tipinin iyi belirlenmis olmasi gerekir. Aksi halde delme verimliligi oldukgca
diisecek ve dolayisiyla da maliyet yiikselecektir.

Acgik ocak maden isletmeciligi calismalarinda patlatmaya yonelik delme isleminin amaci, kayaya
mekanik enerji uygulayarak igine patlayici maddelerin yerlestirilebilecegi deliklerin olusturulmasidir.
Kayaglarda delme islemi, delici ug tipleri, delme hizi, delinecek formasyonun fiziksel, mekanik ve
jeoteknik oOzelliklerine baghdir. Bu oOzellikler g6z oniine almnarak delme isleminde istenen verimde
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calisilmast durumunda hem isletme hem de tiretim maliyeti énemli Olglide etkilenmektedir. Delme
isleminde uygun calisma parametrelerinin belirlenmemesi sonucu uglarda asir1 asinma ve yiiksek
miktarda ug tiiketimi kacinilmaz olmaktadir. Bu nedenle, uygun makine parametreleri ve ug tipinin
se¢imi 6nemli olmaktadir. Uygulamalarda gesitli formasyonlar icin ¢ok farkl: ug tipleri kullanilmaktadir.
Yumusak ve sert kaya olusumlarinin delinmesi, delgi uglarinin émriinii 6nemli dl¢lide azaltabilir. Bu,
delme sirasinda iiretilen sicakligin ve dikkate alman calisma parametrelerinin birlesik etkisinden
kaynaklanmaktadir [4]. Matkap ucunun asmma hizi, kaya Orneginin asmmmasina bagli olarak
belirlenmistir. Bu, kaya oOrneginin silika (SiO2) igeriginden kaynaklanmaktadir. Bu nedenle, kaya
ozelliklerinin incelenmesi, optimum delme parametrelerinin ve matkap ucu tipinin se¢iminde yardimci
olacaktir [1].

[2], yaptiklar1 ¢calismada delik delme islemin de ug tipinin ve pasa irilik kat sayisinin delik delme
hizina etkisini incelemislerdir. 3 farkli ug¢ tipi igin delik delme hizi ve pasa irilik katsayilar
belirlemislerdir. Pasa irilik katsay1s1 artik¢a delme hizinin da arti1 belirlenmistir [ 3] , farkli ug tiplerinde
yeraltinda farkli formasyonlarda delme amacina gore delme hizlar1 ve verimleri arasinda kiyaslama
bilgileri mevcuttur. [5] ve [7] yapilan c¢alismalarda kaya formasyonlarindaki degiskenliklerin
delinebilirlige etkilerinin analizlerinden bahsedilmistir.

Kazi mekanigi deneyleri gercek boyutlu keskilerin kullanildigi tam boyutlu dogrusal kazi seti
kullanilarak yapilan kesilebilirlik deneylerinden olugsmaktadir. Bu deneylerde kayaci kesmek i¢in gerekli
olan kesme kuvvetleri (Kesme kuvveti, FC; Normal kuvvet, FN) ve sarf edilen spesifik enerji (SE)
belirlenir. Kaz1 deneyleri sonrasinda ortaya g¢ikan pasalarin bir elek seti ile 5 elenerek parca boyut
dagilimi tespit edilerek buradan pasa irilik katsayisi (PIK) hesaplanmaktadir [9].

Calisilan formasyonun degiskenligi goz oniinde bulundurularak delici ug se¢iminde sarf ve siire
olarak en iyi performans gosteren 6zellikteki ug tiirlerinin tercih edilmesi gerekmektedir.

Bu calisma kapsaminda Kayseri Himmetdede boélgesinde bulunan maden sahalarinda kullarulan
delici makinelerin, bdlge formasyonuna gore belirlenmis delici uglar ile patlatma/numune delik delme
islemleri gerceklestirilmistir Calisma sirasinda button, balistik ve yari balistik delgi ucu 6zellikleri olan
ekipmanlar kullanilmigtir.. Calismalar sirasinda makinenin ¢alisma parametreleri sabit tutularak farkl
ug gesitlerine bagl olarak performans analizleri yapilmistir. Bunun igin arazide delme islemi siiresince
zaman etiidii(kronometraj) calismas: gerceklestirilmistir. Bu veriler birlikte degerlendirilerek hangi ug
tipinin kullaniminin uygun olacag1 belirlenmeye ¢alisilmistir.

Delgi hizlar segilen delici uglara gore asinma dereceleri ile dogru orantili olarak azalmistir. Delgi
islemi esnasinda ¢ikan pasalardan alinan numuneler ile pasa irilik katsayilar1 mukayese edilmistir.
Pasalardaki iriliklerinin artmasi veya azalmasi isletmeye ek bir islem tanimlamadig icin PIK degerinin
yliksek olmasi delgi hizinin daha fazla olmasinin etkenlerindendir.

2. MATERYALVEMETOT (MATERIALANDMETHOD)
2.1. Delici Makine ve Kullanilan Delici Uglar (Drilling Machine and Drilling Bit)

Hammadde maliyetine etki eden masraf kalemlerinden birisi de delik delme maliyetidir. Delik
delme maliyetlerine etki eden parametreler ise delici ug tipi, makinenin calisma parametreleri ve kayag
ozellikleridir. Uygun calisma parametrelerinin belirlenmemesi sonucu uglar da asir1 asinma ve yiiksek
ug tiiketimi kaginilmaz olmaktadir. Bu nedenle, uygun makine parametreleri ve ug tipinin se¢imi énemli
olmaktadir. Uygulamada gesitli formasyonlar i¢in ¢ok farkli ug tipleri kullanilmaktadr.

Bu ¢alisma kapsaminda, Himmetdede Granitoid ocaginda delik delme islemlerinde kullanilan Delici
makineye (Sekil 1) farkli delici uglar temin edilmistir. Granitoid ocaginda 3 farkli delici ug tipi
kullanilmistir.
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Sekill.Delici makinenin genel goriiniis
Figurel.General view of the drilling machine

Delici ucun gorevi, kullanilacag1 formasyonda en iyi penetrasyon(ilerleme) orani ile delik delmektir.
Delici ug se¢imi yapilirken asagidaki parametreler mutlaka degerlendirilmelidir;

» Kayag Ozellikleri

e Delici Tabanca Ozellikleri

¢ Penetrasyon Orani

e Servis Omrii

¢ Bileme Araliklari

e Delik Kalitesi

Calisilacak olan zemine gore, farkli tipte tasarlanmis delici uglar mevcuttur. Sert formasyonlarda
kiiresel(spherical), yumusak zeminlerde ise sivri (balistic) butonlu bitler tercih edilmelidir [6].

.Maksimum penetrasyon orani ile iyi delikler delebilmek icin, formasyonun O6zelliklerine gore ug
se¢imi, en Onemli parametrelerden biridir. Catlakli ve delik ¢dkmesinin yasanabilecegi zeminler de
retrac (bicakli) tip ug tercih edilmesi uygundur. Bitin arkasinda bulunan bicak seklindeki yapi, delik
ilerlemesi esnasinda, delinen malzemenin u¢ arkasinda toplanmasini, olasi ¢okmelerde sikismayi
engellemek amaci ile tasarlanmistir [6].

Uglar delik delerken dogal olarak asmacaklar ve bir miiddet sonra dmiirlerini tamamlayacaklardir.
Busiireyimaksimumdiizeydetutmakisletmemaliyetiagisindanolduk¢adnemlidir. Asinandeliciuglari
bilemek, u¢ Omriinii uzatmak igin tercih edilebilir [6].

Himmetdede ’‘de bulunan madende ve serbest piyasa taleplerine hammadde saglamak igin
Granitoid ocaginda yapilan delme islemlerinde, mevcut delici makinede uygun farkli uglar kullanilmasi
planlanmaktadir. Kullanilan uglarin baslangi¢ asamasindaki durumlar1 $Sekil 2’de ve uglarin émriinii
tamamlamis oldugu durumlar1 Sekil 3’de verilmistir. Denenmesi planlanan farkli uglarin, makine
tizerindedegistirilerekayniformasyondadeliksayisivedelmemiktariesitolacaksekildekullanilmasina
dikkat edilmistir. Delici makinenin Granitoidteki delme islemlerinde, ¢alisma parametreleri (baski
kuvveti, donme hizi, akiskan hava basinci, darbe basinci) kullanilan uglarin verimliligi gozlemlenmesi
icin tiim delme islemlerinde sabit tutulmustur.

Delici makinelerin sahadaki ¢alismalarini kiyaslamalarinin daha uygun yapilabilmesi i¢in makine
calisma parametrelerinin sabitlenmesi gerekmektedir. Bu proje ¢alismasinda kullanilan delici makinenin
calisma parametreleri Cizelge 1°de verilmistir.
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Sekil2.Calisma kapsaminda kullanilan delici uglarin baslangi¢ durumlari (a):tipi(Buton), (b):B tipi (Yar1
Balistik), (c) : A tipi (Yar1 Balistik)
Figure2. Initial states of the drill bit used in the work(a):(A)Type A(Button) (b):Type B(Semi-Ballistic) (c):Type A(Semi-Ballistic)

i

Sekil3.Calisma kapsaminda kullanilan delici uglarin delgi islemleri sonras: durumu (A):A tipi(Buton),
(B) : B tipi (Yar1 Balistik), (C) : A tipi (Yar1 Balistik)
Figure3.Initial states of the drill bit used in the work (a):(A)Type A(Button)(b):Type B(Semi-Ballistic)(c): Type A(Semi-Ballistic)

Cizelgel.Delici makinenin ¢alisma parametreleri
Table 1.Working parameters of the drilling machine

Hava Basinci 6 bar
Donme Hizi 30-50 bar
BirinciDarbe50 bar
Baski Basinct IkinciDarbe85bar
Birincidarbe70bar
Darbe Basina IkinciDarbe95bar

2.2. Arazi Calismalar1 ve Uygulamalar (Field Works And Applications)

Arazi c¢alismalar1 Himmetdede Granitoid ocaginda gergeklestirilmistir. Ocakta delik delme
oncesinde ortii kazi islemleri yapilmaktadir (Sekil 4). Calismalarda ocakta uygulanan delik paterni
planlama asamasinda uygulanmaktadir. Delici uglarin kiyaslanmasi icin Pasa Irilik Katsayisinin (PIK)
degerlendirilmesi énemlidir.

Arazi ¢alismalari, delikler delinirken delme siireleri ve delik boylarinin kaydedilmesi ve deliklerden
acgiga ¢ikan pasalardan 6rnek alinmasimi ($ekil 5) kapsamaktadir. Bu calismalarin saghkli bir sekilde
yapilabilmesi i¢in arazi g¢alismalari sirasinda deliklerden alman kirntilardan konikleme ddortleme
seklinde temsili numune alinmigtir.
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Sekil 4. Agik ocak ortii kaz1 isinden bir goriiniim
Figure 4. A view from the open pit cover excavation

Sekil 5. Delik delme isleminde ¢ikan kirintilardan 6rnek alim iglemi
Figure 5. Sampling process from the part sremoved in the hole drilling process

Delik delme sirasinda delige baslandigi andan delik bitimine kadar olan siireler kronometre ile
Ol¢tilmiistiir. Delikler delinirken ti¢ farkli siire tutulmaktadir. Bunlardan birincisi delme igleminin
baslangi¢ zamaru ile bitis zamani arasindaki fark, ikincisi o delikte tabancanin is yaptig1 toplam siire,
digeri ise bir tij boyu delinmesinde gegen siire olmaktadir. Toplam delik siiresi i¢cinde hem delme isi hem
de deligin temizleme isi yapildigindan dolay ii¢ ayr1 siire hesab1 yapilmaktadir. Bu nedenle, delik delme
stiresi iginde deligin temizleme zamani, manevra hareketleri, tij degisim siireleri, pozisyon alma siireleri
cikarilarak net delik delme siiresi (PRnet) her bir delik icin ayr1 ayri hesaplanmistir. Delik boylarmin
degisken olmasi sebebiyle, her bir delikte bir tij boyu olan 3 metrelik mesafeler i¢in net delgi siireleri de
kayit altina alimustir.

Daha sonra oOlgiilen delme stirelerinden her delik igin briit delme hizi (PR) ve net delme hizlari
(PRnet) Esitlik 1 ve 2 yardimiyla hesaplanmistir. Bu delme hizlarina iliskin bazi veriler 6rnek olarak
Cizelge 2’ de verilmistir.

@
@)

PR =

PRper =
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Burada; PR: Briit delme hiz1 (cm/dak), PRnet: Net delme hizi (cm/dak), T:Toplam delik delme
stiresi (dakika), Tnet: Net delik delme siiresi (dakika), H : Delik boyu (cm)

Cizelge 2. A-Yar balistik ug ile bes adet delik i¢in hesaplanmis net delme hizlari
Table 2. A-Net drilling rates calculated for five holes with semi-ballistic bit

S
. m o
[P} n

4] . o o g

o £ = «3 L E E 3
Z =N ) T o e 8 8 >
=4 = = A £ A g = s 4
—_— — = —_ — = : N - Ay
8 A3 ot Zz A E 3 & T z a
s m S S cm/dk cm/dk %
1 503 4,40 307 209 52,51 86,12 60,98
2 527 4,80 322 201 54,61 89,55 62,00
3 528 5,00 322 193 56,87 93,26 60,00
536 5,00 327 196 56,00 91,84 61,00
5 476 5,00 290 174 63,08 103,45 62,00

Delik verimleri ise briit delme hizinin net delme hizina orani Esitlik 3 yontemi ile hesaplanmaktadir.

* 100 3)

Delik Verimi =
net

3. BULGULAR VE TARTISMA (FINDINGS AND DISCUSSION)
3.1. Sahanin Jeolojisi (Geology of the Site)

Himmetdede genel olarak yashdan gence dogru metamorfikler (sist-kiregtasi), Granitoidik-
granodiyoritik sokulum, piroklastikler ve golsel tortullar yer almaktadir.

Bolgesel Olgekte bilinen, Kayseri’den Nevsehir'e dogru uzanan kivrimli bindirme zonunun bir
parcasi arazi ¢alismalarinda tespit edilmistir. Bindirme zonu igerisinde yeralan, sistlerle beraber bulunan
yash kirectaslari, metamorfik seri igerisinde yer almaktadir. Cevherlesme biiyiik olasilikla bindirme
zonu igerisinde tasiman metamorfize olmus, bosluk¢a zengin kirectaslarinin hidrotermal ¢ikislara sebep
olan tektonik aktive sirasinda yeryliziine ¢ikan sicak sularin tasidigr metal icerigini depolamasiyla
cevherlesme i¢in uygun ana kaya igerisinde olusmustur. Fakat burada tektonik aktivite tek basmna
cevherlesmeye kaynak olabilecek yeterlilikte degildir. Besleyici bir sokulum kiitlesi de olmalidir.

Caligilan sahalarin yakin gevresinde bulunan kaplicalar, bolgede giiniimiizde de devam eden bir
hareketlilik oldugunu gostermektedir. Zaten sahada da rastlanan hidrotermal bresler ve traverten
olusuklart da bunun en iyi isaretidir. Degerli metalik maden yataklarinin sicak sularin etkisiyle olusup
ve/veya zenginlestigi diistiniildiiglinde bolgenin énemi daha da artmaktadir.

Yapilan hendek c¢alismalarinda silislesmis, arjillesmis, stokvork kuvars-karbonat damarcikli
porfiritik dokulu intruzif ve silislesmis killesmis metasedimentler gozlenmistir. Ozellikle altere porfiri
sokulum igerisinde ¢ok yogun mangan ve demiroksitler gdzlenmektedir.

Granitoid isletmesi igerisinde yapilan patlatma galismalarinda formasyon igerisinde kilcal olarak
damarl yapida sokulumlar gézlemlenmistir. Agik ocak faaliyet alaninda delme islemi yapilan bolgeler
genel itibariyle 2 boliimde toplanmaktadir. Ust kaz1 tabakasi ve basamak patlatmalarindan olusan iki
asama liretim bolgeleri icinde killi formasyonda delici uglarin net delme islemi hizlarindaki farkliliklar
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gozlemlenmektedir. Agik ocak faaliyeti genel tesis beslemesi, Himmetdede isletmesi talebi ile dogru
orantili gitmesinden Otiirii uglarin karsilastirma imkanlari net olarak ayni formasyonda delinebilmistir.

3.2. Delici Uglarin Performansi (Performance Of Drilling Bits)

Granitoid ocaginda toplam olarak 1060 adet delik delme isleminde yaklasik toplam 5016 m delik
delinmistir. Kullanilan delici makinelerin teknik 6zellikleri ve {iretim metodu sebebiyle ortalama delik
boyu 4-6 m’dir. Calisma kapsaminda ii¢ farkh ug tipi kullanilarak her bir ug i¢in esit uzunlukta delikler
delinmeye calisilmistir (Cizelge3). Her delikte kronometraj calismasi yapilmis ve her delikte olusan
kirintilardan temsili kirinti 6rnekleri alinmistir. Arazi calismalar sirasinda kaydedilen kronometraj
verileri degerlendirilerek her bir ug tipi i¢in delme performanslari incelenmistir. Yapilan calismalar
stiresinde elde edilen veriler delici ug tiplerine ve imalatci firmalara gore degiskenlikler gozlemlenmistir.

Cizelge 3. Ocakta delinen toplam delik mesafesi
Table 3. Total distance of holes drilled in the open pit

Ug Tipi Yar1 Balistik  Yar1 Balistik Buton Toplam
(Btip) (Atip) (Atip)
Toplam Delik Uzunlugu(m) 18449 1407,9 1763,2 5016

Delikler delinirken delik delme siireleri her bir delik icin baslangi¢ ve son manevra siireleri
arasindaki zamanlar tutulmustur. Delme isleminin baslangi¢ zamanu ile bitis zaman1 arasindaki fark briit
delik delme siiresi olarak alinmistir. Bu siire igerisinde tij degistirme, delik i¢i manevra ve delik
temizleme stireleri dahildir. Calisma sirasinda ikinci bir kronometre ile sadece tabancanin ¢alisma siiresi
yani sadece delme isleminde gegen siire tutulmustur. Bu stire net delik delme siiresi olarak alinmistir. Bu
siireler delik boyuna bdliinerek ilerleme hizlar1 (sirasiyla PR ve PRnet) belirlenmistir. Kullanilan farkh
tip uglarin her biri i¢in 250, 500, 750, 1000, 1250, 1500, 1750 metrelerindeki net delgi hizlar1 Cizelge 4 ‘de
verilmistir. Toplam delik metrajlarinda artis bitlerde asinmay1 getirmis ve dakikada delik uzunlugu ters
orantili olarak azalmistir. {1k delgi islemi baglamasi itibariyle net bir sekilde A tipi buton 6zellikte olan
delici ugun digerlerine gore daha uzun delgi yaptig1 goriilmektedir. Degerlendirildiginde delici uglarin
kullanim Omdiirleri artikca hizlarinda ortalama %10 civar1 bir yavaglama goriilmektedir. Delik
mesafelerinin artmasi ile buton tip delici uglarin elmaslarindaki asinma ve kayiplarin artmas: delme
hizlarinda daha belirgin diisiislerin olmasina sebep olmustur. Delici uglarin her biri igin 250 metrelik
mesafelerde ara degerler alinarak delgi hizlarinin degerlendirmeleri mukayese edilmesi sonucu ($Sekil 6)
belirlenen formasyon ve ekipmanlar igin A tip buton ucun uygun oldugu goriilmektedir[8].

Her bir ug i¢in ortalama briit ilerleme hizlari, ortalama net ilerleme hizlar1 ve bu deliklerden elde
edilen PIK degerlerinin ortalamalar1 Cizelge 5'de verilmistir. Uretim yontemi ve sonrasindaki
calismalarda delikten ¢ikan kirmtilarin (pasalarin) bir 6nemi olmadig: icin tane boyutu delme hizina
etkisi efektif degerlendirilebilmektedir. Pasa irilik katsayis1 artmasi delme isleminin hiziyla dogru
orantilidir. Daha kiiciik kirinti {iretilmedigi igin delgi ekipmaninda asinma ve ilerleme fazladir.
Osmanoglu (2016).
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Cizelge 4. Ocakta kullanilan farkli uglarin metrelere gére net delgi hizlar
Table 4. Net drilling speeds according to meters of different bits used in the open pit

Net Delme Hizi1 (cm/dk)
Delme Metresi B Tip Yari Balistik A Tip Yar Balistik A Tip Buton
250 105,87 103,54 117,24
500 103,49 98,45 108,85
750 100,87 95,83 106,63
1000 95,24 90,37 102,54
1250 94,03 84,91 90,63
1500 87,57 - 85,35
1750 75,61 - 79,67
130 -+
120 -
110 -
=@=B tip Yari Balistik
100 -
A tip Buton
90 -
=== tip Yari Balistik
80 A
——Dogrusal (B tip Yari Balistik)
70 4
Dogrusal (A tip Buton)
60 T T T T T T 1 " . . -
Delme 250 500 750 1000 1250 1500 Dogrusal (A tip Yar Balistik)
Metresi
Sekil 6. Uclarin Net Delme Hizi—Kiimiilatif delme mesafesi iligkisi
Figure 6. Net Drilling speed of bits—Cumulative drilling distance relationship
Cizelge 5. Ocakta kullanilan farkli uglarin performanslari
Table 5. Performances of different tips used in the open pit
Ug Tipi
Ort.PR(cm/dk) 58,98
(BTip) Yar1 Balistik Ort.PRnet(cm/dk) 98,48
Ort.PIK 379,02
Ort.PR(cm/dk) 55,08
(ATip) Yar: Balistik Ort.PRnet(cm/dk) 90,33
Ort.PIK 425,32
Ort.PR(cm/dk) 68,44
(A Tip) Buton Ort.PRnet(cm/dk) 103,44
Ort.PIK 506,41

3.3. Pasa Irilik Katsayisinin Belirlenmesi (Coarseness index (CI)

Delik delme isleminin performansini analiz etmek igin her delikten temsili olarak yaklasik 12 kg
pasa (kirinti malzeme) alinmis ve laboratuarda 2 kez konileme-dortleme yapilarak numune miktar:
azaltilmigtir. Delme islemleri sirasinda olusan pasalar, 3V yontemine gore olusturulmus bir elek serisi
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(4.75, 2.36, 1.18, 0.600, 0.300, 0.150 mm) ile otomatik titregimli elek ile 5 dakika elenmis (Sekil 7) ve elek
analiz tablolar1 olusturulmustur. 6 adet elek kullanilarak yapilan elek analizleri sonucunda 7 {iriin elde
edilmis ve olusturulan bu elek analiz tablolarindan bu {iiriinlerin kiimiilatif yiizde toplamlar1 alinarak
PIK degerleri hesaplanmigtir. Osmanoglu (2016).

Sekil 7. Arazi ¢calismasinda alinan numuneler ve eleme iglemi
Figure 7. Samples taken during field work and sieving process

Btip—Yar1 Balistik tip ug igin 394, A tip-Yar: Balistik tip ug i¢in 295 ve Atip-Buton Tip ug i¢in 371 adet
delik olmak {izere gerekli verilerin degerlendirilmesi Cizelge 7'de verilmistir. Her ug tipi i¢in es deger
alanlardan alman 20 delik numunesi sonucunda ti¢ farkli ug tipi igin PiK degerleri hesaplanmis ve
Cizelge 6-7 de verilmistir [8]. 3 numarali delikten 6rnek olarak yapilan bu ¢alismada delgi siirecinde
kullanilan bitlerin agmmalarmin az oldugu oOngoriisii ile delikten ¢ikan pasalarin tane boyunun
dagiliminin biraz daha kiigiik oldugu gozlemlenmektedir.

Arazi ¢alismasi kapsaminda yapilan delgilere eslik edilerek her bir delgi biti i¢in alin 20 numunenin
tane boyutu dagiliminin en yogun oldugu tiir buton tip oldugu goriilmiistiir. Literatiirde belirtilen genel
durumlar ve yine saha gozlemleri ile desteklenmesi ile olusan urum buton tip bitin PIK degerinin fazla
olmasi delme hizini ve bit 6mriiniin fazla oldugunu gostermektedir.

Cizelge 6. Ocakta delinen 3 numarali delik icin pasa irilik katsayisinin (PIK) hesaplanmasi
Table 6. Calculation of the rust coarseness co efficient(PIK)fortheholenumber3 drilled in the quarry

Numune Agirlik (g)  Yiizde (%) %EU Toplami

+4,75mm 265,26 8,90 8,90

+2,36mm 517,95 17,38 26,28

+1,18mm 507,80 17,04 43,32
+ 600mikron 389,79 13,08 56,40
+ 300mikron 378,72 12,71 69,11
+150mikron 347,39 11,66 80,77
- 150mikron 573,06 19,23 100,00

Toplam 2979,97 PIK 384,79
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Cizelge 7. Kaya kiitlesi icin PIK degerler
Table 7. PIK values for rock mass
PIK Degeri Numune Alinan Toplam Delinen

Ug Tipi (ORT+8S.)  Delik Sayist Delik Sayis
Yar: Balistik (Btip) 383,04+ 3.82 20 394
Yar: Balistik (Atip) 427,52+ 1.06 20 295
Buton (Atip) 508,83+ 3.72 20 371

Granitoid isletmesi ¢alismalarinin yiiriitildiigi 3 farkli ug tipi igin biitiin deliklerin ortalamas:
almmarak elde edilen briit delme hiz1 Sekil 8 de analiz edilmistir. Briit delme siirelerin icerisinde delici
ekipmanin konumlanmasy, tijin siiriilmesi, yeni tij eklenemesi vb. siireclerin olmasi sebebiyle siire basina
yapilan metraj degerleri diisiik oldugu goriilmektedir. Delgi bitinin delici makine tarafindan harekete
baslatilmasi ile yapilan tiim delme islemi asamasimna net delme hizi denir. Bu veri ise Sekil 9'de bitler icin
mukayese edilmistir.

Delgi siireleri calisma isinde 6nemli verileri bizler ile paylasmaktadir. Uretim 6ncesi hazirliklardan
olan ve Onemli bir zaman tutan bu c¢alismadir. Bu hazirlik faaliyetinin azalmas: ile giinliik delik
sayisinda artma, is giiclinii dogru yonetme ve maliyetlerin dogru analizi sebebiyle efektif hale
getirilmesi sirketlere kar/fayda saglayacaktir.

Btipyan balistk  Atipyaribalistk A tip buton

P 25} I Ln =} =l
= = = = = =]
| 1 | 1 | |

PR, Delme Hizi (cm/dk)

[
=
1

=

Sekil 8.0Ortalama briit delik delme hizlari
Figure 8. Average gross drilling speeds

105 - Btipyanbalistk  Atipyanibalistk ~ Atip buton

100 -

95 -

ao -

85 A ﬂ
1

Sekil 9.0rtalama net delik delme hizlar
Figure 9, Average net hole drilling speeds

PRnet, Delme Hizi (cm/dk)
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Calisma sahasinda, laboratuarda ve sonrasinda yapilan hesaplamalarda elde edilen verilerin son
kiyaslamasi icin PRnet- PIK grafigi hazirlanmistir (Sekil 10).Hem tane boyutu olarak en yogun olan
veriyi {iretmis hem de delme hizlarna gore mukayese edildiginde en kisa siirede en fazla delik
uzunluguna ulasan A tip buton delici u¢ olmustur.

525
500 9=1B tip Yari Balistik PRnet — PiK
475 grafigi
450 == A tip Yari Balistik PRnet — PiK
15 —————E— grafigi
400 A tip Buton PRnet — PiK grafigi
375 _ #-k—‘—_.’/
350 —— Dogrusal (B tip Yan Balistik
5 ' . ' N ' . ' © ' . ' o ' . ' o ' PRnet — PIK grafigi)
i % ) ) N Ny Ny 4%
L\Q\b A ~ A A ¢ —— Dogrusal (A tip Yar Balistik
Q}\ PRnet — PIK grafigi)
S
Qﬂ

Sekil 10. Delici Uglarin PRnet-PiK grafigi
Figure 10. Drilling bits PRnet—PIK graphic

4. SONUC ve TARTISMALAR (RESULTS and DISCUSSIONS)

Sabit is makineleri ve operatorler ile yapilan delme islemlerinde, ilerleme hizlar verimliligi dikkate
alindiginda en uygun ug tipinin buton oldugu goriilmektedir. Yapilan saha ¢alismalarinda da kullanilan
A tip buton ucun verimli oldugu gozlemlenmistir. Cizelgeler incelendiginde ocakta delme hizi(verimi)
en yiiksek ug tipi Buton(A tip) oldugu goriilmiistiir

Operatorlerin rutin ¢alismalarinda ekipman degisimlerinde genel olarak gozle yapilan kontroller
sonrasinda delici uglarin degisimi yapilmaktadir. Yari balistik delici uglar arasinda B tip delici ug A yar1
balistik uca gore daha fazla mesafe kat etmistir. Farkli firmalarin delici u¢ dizaynlarmin (bitlerin
tizerindeki elmaslarin konumlari, elmas adetleri, sogutucu kanallarin dizaynlar: vb.) farkli olmas1 benzer
bit tiplerinde de olsa degisik veriler {irettigi gdzlemlenmistir.

Pasa irilik katsayilarina gore en verimli ug tipinin Buton tip delici ug¢ kullanilmasiyla elde edilmistir.
Bu da ucun delik yiizeyinden daha iri malzeme ayirdigim boylece delik iginde 6glitmenin en az
oldugunu gostermektedir. Delik i¢i 6giitmenin az olmasi istendigi icin (baz1 operasyonlarda 6zel olarak
istenebiliyor) buton tip bit verimliligi goriilmiistiir.

Daha hizli delgi, daha az delik i¢in tane boyutu olusturmasi ekipmanin daha uzun kullanimi
saglamaktadir. Uriinlerin birim maliyetlerinin ¢ok yakin oldugu varsayimi iizerinden degerlendirme
yapilmustir. Bu sonuglar goz oniine aldiginda ocak i¢in delik delme isleminde kullanilacak en uygun
delici ucun Buton oldugunu gostermektedir.
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ABSTRACT: Quaternary sediments have characteristics that distinguish them from older soils. In
engineering practice, these sediments are of particular interest to engineering geologists and geotechnical
engineers because many engineering constructions have to be founded on, or in, them. This paper
describes a method for rapidly estimating selected geotechnical properties of some Quaternary soil from
the Mesopotamian Plain using statistical correlation equations. The paper explored an expedient statistical
method to estimate some geotechnical properties (including total and dry unit weights, void ratio,
porosity, Atterberg limits, and compression index) rapidly without running time-consuming and
expensive laboratory tests. It was found that the selected properties showed a relatively moderate to high
correlation with independent properties. Both the unit weight and void ratio depicted a high correlation
with initial water content. while a moderate correlation existed between compression index and initial
water content. Also, the plasticity index has a strong correlation with liquid limit values. The results of
this study accord an additional usage as facultative engineering tools for geotechnical engineers to utilize
for any preliminary engineering design.

Keywords: Statistical method, Quaternary soil, Geotechnical properties
1. INTRODUCTION

It is almost certain that the commonest materials (soil or rock), from the geological point of view,
occurring closes to, or at, the earth's surface is of quaternary age. The characteristics of quaternary origin
soils distinguish these soils from older soils [1], [2]. Geotechnical engineers, particularly, are interested in
soils of the quaternary age. This particular interest is due to the that the quaternary soils are the foundation
at which most of the engineering structures are founded. Also, some of these structures are founded in
quaternary soils. Quaternary soils are of great significance for various activities, they form the founding
materials for the major important parts of engineering construction. Almost a third of Iraq are quaternary
deposits [3], [4], [5]

In the Mesopotamian Plain, the thickness of these sediments is more than 250m, Figure 1. In general,
these sediments consist of levee silts and clays, flood plain clays and stacked river channel sand bodies
with occasional marsh deposits [6], [7], [8]. Quaternary sediments are characterized by their physical and
engineering properties; they are unconsolidated and usually finer grain than underlying formations [9],
[10], [11], [12], [13]. Any development in Iraq may be affected by the existence of quaternary sediments,
therefore, these important soils should be attained special interest and further detail is required to
complete characterization for their geotechnical properties

*Corresponding Author: Abbas Jawad AL-TAIE, abbas.j.al-taie@nahrainuniv.edu.iq
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Figure 1. The thickness of Mesopotamian Plain's quaternary sediments [3].

During the last three decades, many constructions and engineering projects have been conducted in
different areas of Iraq. A significant experience of geotechnical engineering data has been accumulated
during this period, [14], [15], [16], [17], [18], [19], [20], [21], many empirical equations and relationships
correlating quaternary soils' engineering properties can, therefore, be established in an accurate way. The
development of such equations and correlations can accord an additional usage and as facultative
engineering tools for geotechnical engineers to utilize for any preliminary engineering design.
Furthermore, such equations and correlations allow fast and economical alternatives to design and
construction in, or on, quaternary soils.

In the last decades, few researches were conducted to correlate the geotechnical properties of the
Quaternary soil from the Mesopotamian Plain, essentially to evaluate the quaternary sediments. This
paper investigates an expedient way to estimate (statistically) some index and engineering soil properties
and parameters (including Atterberg limits, soil unit weights, moisture content, void ratio, porosity, and
compression index) using basic soil properties (as water content, total unit weight, and specific gravity)
without conducting (expensive and time-consuming) laboratory tests. Such statistical correlations have
been carried out with the assistance of regression analysis method by using a specialized and advanced
software package in the statistical analysis (Number-Cruncher-Statistical System (NCSS)).

2. THE DATA COMPILING AND DESCRIPTION

Numerous test results have been collected as the first stage of this study. These results included
standard consolidation test and different physical tests. It should be mentioned that all these tests have
been conducted in accordance with ASTM standards. Originally, a part of the result was compiled by [13]
and the rest compiles (for the purpose of this study) from various geotechnical investigations located in
Iraq. The results of sixty-three different locations were compiled, checked, tabulated. They are for
quaternary soil samples obtained during site investigation for different engineering projects from the
south part of Iraq. Such investigations were carried out by private companies and public agencies. The
compiled data included initial void ratio (eo), total and dry unit weight (yt and yd), water content (w),
liquid and plastic limits (LL and PL), plasticity index (PI), specific gravity (Gs), and compression index
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(Cc). The investigated soils can be described as a cohesive fine-grained soil. They have low to high liquid
limit values; they are mainly lean clay (CL) according to ASTM specifications (ASTM D2487) [22]. Also,
the degree of compressibility of these soils can be described as a low to intermediate. Actually, they are a
part of Mesopotamian Plain, Figure 2, which were resulted from interaction of Euphrates river and Tigris
river, they are quaternary deposits [13].
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Figure 2. Location map of the Mesopotamia Plain [23]

3. DESCRIPTIVE STATISTICS FOR DATA USED

The results of the procedure used to describe the geotechnical parameters (of this paper) are shown in
Figure 3 and Table 1. The variables were presented both statistically and graphically. For each single
parameter, numerical descriptors (statistics) and statistical information about spread (variability), location
(center), and distribution of data were provided. In this study, the location of variables (the center) on the
number line was described by mean, median, and mode. As can be seen from Table 1, the values of mean
and median of the geotechnical parameters are very close, thus, it is most unlikely there is an outlier in
the soil parameters data, also, one can expect a slight skew in the distribution of data. The variability or
dispersion of soil parameters, i.e. the pattern of these parameters' values around the location of variables
(the center), was also studied by measuring the range and standard deviation. It should be mentioned
that, to some degree, both of these dispersion measures are affected by outlier [24]. Due to a skewed
distribution, the median has been adopted as a measure of central tendency in this study. Figure 3 presents
histogram plots of the geotechnical parameters. It can be seen that the geotechnical data are generally bell
shaped with nearly symmetric pattern of distribution. Approximately, these data appeared to have a
single center. As it is appeared, the condition of normal distribution is generally satisfied for geotechnical
paraments of this study.
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Table 1. Descriptive statistics for data used

Standard Standard
Deviation Error

Parameters Mean Median Mode Minimum Maximum Range

W, % 2992 3055 2200 801 0.40 10.00 4940  39.40
LL,% 3996 39.00 3800  7.08 0.45 21.00 64.00  43.00
PL,%  22.68 2200 2200  2.78 0.18 14.00 3700  23.00
PlL% 1773 17.00 1400  5.60 0.36 5.00 3800  33.00

Gs 273 274 275 0.04 0.00 2.50 2.92 0.42
w(kN/m? 1956 1954  0.00 1.21 0.07 15.33 23.78 8.45
vo(kN/m¥ 1506 1476 1600  1.64 0.10 11.05 2200  10.95
€0 0.886 0885 0720  0.190 0.015 0.412 1390 0978
Cc 0223 0230 0270  0.080 0.006 0.057 0490  0.433

4. RESULT AND DISCUSSION
4.1. Predicting unknown quaternary sediment geotechnical properties

Correlations were obtained from regression analysis of geotechnical data from Quaternary Sediment
of Mesopotamian Plain. Such correlations may be useful for predicting some unknown soil properties
including water content Atterberg limits, void ratio, porosity, unit weight, and compression index without
carrying out expensive laboratory engineering tests. Also, these correlations, with other published
correlations, enable the assessment of soil engineering properties without waiting for the prerequisite
laboratory testing. To examine whenever the engineering properties of Quaternary sediment can be
predicted from the knowledge of other soil properties, regression analysis performed using the database
compiled in this paper. The analysis was carried out using an advanced statistical analysis software
package named "Number Cruncher Statistical System" (NCSS). The improvement in developed
correlations was examined with assistance of the correlation coefficient, (R). A correlation coefficient (R)
with a value (R |+ 0.51) was adopted in the current regression models. In fact, a quantitative measure of
strength of variables relationships can be examine with assistance of this coefficient. According to
Montgomery and Runger [25], correlation coefficient less than 10.5 | are, generally, considered weak,
while R with values above 10.81 are, generally, considered strong. Also, another indicator has been used
in the assessment of correlation, that the mean absolute error or (MAE). It should be mentioned that both
R and MAE were calculated using the following expressions:

T X=X (YY)

R =
[P g2 S (-2

M

MAE = 139X, Y| )

Where, Y; is the predicted soil property; X; is the measured soil property; and n is the number of
datapoints used in the evaluation [21].

4.2. Prediction of water content

For a given quaternary clay, unknown water content (w, %) can be determined by measuring the wet
unit weight (yt ) using a standard method and apply the following equation (also shown in Figure 4):

w? = 4968 — 200 % 3)

Where vt = total unit weight, kN/m?. Eq. 3 is based on a non-linear regression of 258 data points with
R=0.535 and MAE =6.1.



Statistical Method for Estimating Selected Geotechnical Properties of Quaternary Sediment

60.0 4

45.0 1

300 -

|
—

00

14.0

19.0
Total Uinit Weicht

16.5

Residuals of w

4.3. Predicting Atterberg limits

21

15.0 )
38
75
-18.8 1

300 1

5

24

Residuals of w

2300 +—
30

933

14.0

16.5

' 19.0 '
Total Urit Weight

T

21.5

00 15 3

BpectedNorrrds

240

Residual vs total unit weight

C
Figure 4. a, Correlation water content and total unit weight; b Probability plot of water content; c,

An expedient prediction method of Liquid limit (LL, %) is to conduct a plastic limit test and apply the
following equations (Figure 5):

LL =6.35+ 1.5 PL

4)

Where PL = plastic limit. Eq. 4 was experimentally obtained using non-linear regression of 237 data

points from quaternary clay, R = 0.609, and MAE =5.1.
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On the other hand, the plasticity index (PL %) of the quaternary clay can be predicted from liquid limit
value by using the following equation:

PI = 0.752 LL — 12.67
()

Eq. 3 is characterized by the correlation coefficient of (0.919) which reflects a high functional relation,
and MAE =4.3. As a result, the plasticity index of investigated soil can be directly obtained with sufficient
accuracy from Eq. 5 or from graphical construction shown in Figure 6.
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Figure 6. a, Correlation plasticity index and liquid limit; b Probability plot of plasticity index; c,
Residual vs liquid limit

4.4. Predicting unit weights, void ratio, and porosity

It is well known in soil mechanics that void ratio, porosity, total unit weight and dry unit weight of
soil are calculated from parameters such as water content, degree of saturation, and specific gravity. To
predict the total unit weight of quaternary clay when only the water content is known, the following
equation may be used or from graphical construction shown in Figure 7.

— _ 2
7, =21.06-0.0014 w ©6)

Where

vt = total unit weight, kN/m?
w = water content percent

Totally of 258 data points were used to obtain Eq. 6 by using non-linear regression analysis. The
correlation coefficient of Eq. 4 is (R=0.536) while MAE is 1.0.
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Figure 7. a, Correlation total unit weight and w; b Probability plot of total unit weight; c, Residual vs
w

To predict the dry unit weight when the water content is known, but total unit weight is not, the
following equation may be used:

1/y,% = 0.0028 — 0.00001 w + 0.000002 w? )

where

vda= dry unit weight, kN/m?

w = water content percent

According to regression analysis of 258 data points, Eq. 7 is obtained. This equation is characterized
by the correlation coefficient of (0.860) which reflects a good functional relation and MAE is 1.3. As a result,
the dry unit weight of investigated soil can be directly obtained with sufficient accuracy from Eq. 5 or
from graphical construction shown in Figure 8.
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The ratio of the volume of voids (Vv) to the volume of soils (Vs) in a given volume is void ratio. It is
usually expressed as a decimal. A useful relation for the void ratio in terms of degree of saturation (5),
water content (w) and specific gravity (Gs) is shown below [26]:

e=Gsw/S ®)

To predict the initial void ratio (eo) of the quaternary clay when the water content is known, but
specific gravity and degree of saturation are not, the following equation, obtained from multiple
regression analysis, can be used (Figure 9):

2 _ 2
e, = 0.096 + 0.0007 w )

where

eo = initial void ratio

w = natural water content percent

Eq. 9 is based on 160 data points with correlation coefficient (R = 0.907), which is a good functional
relation correlation, while MAE is 0.158.
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If water content and specific gravity are both known, but degree of saturation is not, the following
equation can be used to predict the void ratio:

e,2 = 0.0735 + 0.00009 (w Gs)? (10)

where

w = water content percent

Gs = specific gravity of solids

A Good functional correlation coefficient (R=0.933) and MAE (0.161) obtained from nonlinear
regression analysis based on 121 data points. The resulting functional relation (Eq. 10) is graphically
illustrated on Figure 10 for more rapid determination of initial void ratio of the quaternary clay. It can be
notes that the initial void ratio can be successfully estimated from the water content and specific gravity
using Eq. 10.
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The Porosity (n) which is the ratio of the volume of voids to the total volume, [26], can be obtained
from relationship with void ratio (e) as shown in the textbook Eq. 11:

n=e/(1+e) (11)

Combining Equations 9 and 11 allows estimation of the porosity from the natural water content as
shown in Eq. 12:

n = (0.096+0.0007 w?) “?/1+ (0.096 +0.0007 w?2) “/* )

4.5. Rapid estimation of consolidation properties

It is very important in geotechnical engineering to know the compressibility properties of the soils.
These properties are used for the calculation of settlement of soil (consolidation). They are, conventionally,
determined by time consuming laboratory oedometer test. For this reason, it is necessary to estimate such
properties with reasonable accuracy for preliminary calculations and to control the validity of
consolidation tests.

For determining compression index knowing only the water content of the quaternary soil, an
approximate equation (Eq. 13) is obtained from the statistical analysis of 160 data points with correlation

coefficient (R=0.784) and MAE (0.064).

In(Cc) =1277In(w)—5.941 (13)

where:
Cc = compression index
w = water content percent
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5. CONCLUSION

This paper investigates an expedient way to estimate (statistically) some index and engineering soil
properties and parameters (including Atterberg limits, soil unit weights, moisture content, void ratio,
porosity, and compression index) using basic soil properties (as water content and specific gravity)
without conducting (expensive and time-consuming) laboratory tests. Such statistical correlations have
been carried out with the assistance of regression analysis method by using a specialized and advanced
software package in the statistical analysis (Number-Cruncher-Statistical System (NCSS)). According to
the finding of this study, the above geotechnical parameters of quaternary clay may be easily and rapidly
estimated based on simple engineering test data, using one of the following nine equations:

Estimating parameter Equation
Water content (%) from total unit weight kN/m? w? = 4968 — 200 A
Liquid limit (%) from plastic limit (%) LL=635+15PL
Plasticity index (%) from liquid limit (%) Pl =0.752 LL — 12.67
Total unit weight kN/m? from water content (%) 7, =21.06—0.0014 w?
Dry unit weight kN/m? from water content (%) 1/}/{12 = 0.0028 — 0.0001 w + 0.000002 w?
Initial void ratio from water content (%) e,2 = 0.096 + 0.0007 w?
Initial void ratio from water content (%) and Gs e,2 = 0.0735 + 0.00009 (w Gs)?
1/2
Initial porosity from water content (%) n = (0.096+0.0007 w*) / /1 172
+ (0.096 + 0.0007 w?)
Compression index from water content (%) In (Cc) = 1.277 In (w) — 5.941

It should be mentioned that the above equations do not substitute the standard laboratory tests. All
these equations are aimed to be utilized as guidance for estimating purposes only.
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Onemli Katkilar (Highlights)

¢  Genellikle performans olglimii ve bankacilik sektdriinde tercih edilen skorlama Lojistik Regresyon
algoritmasi gauss dagilimi ile birlikte kullanilmistir.

e Sik kullarulan makine 6grenmesi yontemleri kullanilarak bir kullanicinin bir kategoriden aligveris
yapma olasiligini 6ngoriilmesi ve bu tercihi etkileyen demografik 6zellikler {izerine odaklanilmistir

¢ (Calismada Lojistik Regresyon, Karar Agaci, K-En Yakin Komsu, Gradyan Arttirilmis Agaclar ve
Rastgele Orman yontemleri uygulanmustir.

e (Cevrimici market uygulamasi ya da web hizmeti sunan tiim firmalarin fayda saglayabilmesi adina
herhangi bir kategoriden alisveris yapabilecek kullanicinin sahip olmasi gereken ozellikler ortaya

cikartilabilmekte; bu sayede kisisellestirilmis tahmin sistemi tasarlanabilmektedir.

*Corresponding Author: Ating YILMAZ, atincyilmaz@beykent.edu.tr



mailto:atincyilmaz@beykent.edu.tr
mailto:burakbahcivan@gmail.com
mailto:atincyilmaz@beykent.edu.tr
https://orcid.org/0000-0003-4111-6483
https://orcid.org/0000-0003-0038-7519

Konya Miihendislik Bilimleri Dergisi, c. 11, s. 4, 942-957, 2023
Konya Journal of Engineering Sciences, v. 11, n. 4, 942-957, 2023
ISSN: 2667-8055 (Elektronik)

DOI: 10.36306/konjes.1142886

1970

DEMOGRAFIK OZELLIKLERIN CEVRIMICI MARKET ALISVERiISi KULLANIMINA ETKISININ
MAKINE OGRENMESiI YONTEMLERI iLE TAHMINi

1Burak BAHCIVAN "=, 2" Atin¢ YILMAZ
Ustanbul Beykent Universitesi, Lisansiistii Egitim Enstitiisii, Bilgisayar Miihendisligi Boliimii, Istanbul,
TURKIYE
2fstanbul Beykent Universitesi, Miihendislik-Mimarlik Fakiiltesi, Bilgisayar Miihendisligi Boliimii, Istanbul,
TURKIYE
Tburakbahcivan@gmail.com, 2 atincyilmaz@beykent.edu.tr

(Gelis/Received: 10.07.2022; Kabul/Accepted in Revised Form: 07.08.2023)

OZ: Cevrimici market alisverisi hizmeti saglayan firmalarin iiriin satislarini arttirmak ve yeni mdiisteriler
elde etmek amaciyla hayata gegirdikleri birgok kampanyanin basariya ulasamadigl goriilmektedir.
Cevrimici aligveriste iirlin satislarinin artmasmi ve kampanyalarin basarili olmasini amaglayarak,
cevrimi¢i market {izerinden aligveris yapan 394 kullaniciya ait cesitli veriler anket araciligi ile
toplanmistir. Calismada, sik kullanilan makine Ogrenmesi algoritmalar: ile modelleme yapilarak
cevrimi¢i market kullanicilarimin kisisel bakim kategorisinden alisveris yapma egilimlerinin
ongoriilmesini saglayan bir model ortaya konulmustur. Karar Agaglari, K-En Yakin Komsu, Gradyan
Arttirilmis Agaclar, Rastgele Orman ve Lojistik Regresyon yontemleri modelleme icin kullanilmistir. Son
olarak da ortaya g¢ikan egri altinda kalan alan (EAKA-AUC), geri cagirma (recall), fi-skor (fi-score)
degerleri {izerinden yontemlerin performans karsilastirilmasi yapilmistir. Calisma sonucunda en yiiksek
performans 0.928 dogruluk orami ve 0.92 AUC degerleri ile rastgele orman yontemi ile elde edilirken;
Gradyan Arttirilmis Agaclar yontemi uygulanan model ise 0.704 dogruluk orani ve 0.70 AUC degeri ile
en diisiik performansa ulasmistir. Calismada elde edilen bulgulara gore, Ozellikleri "43-47 yas alt,
giinliik internet kullamimi fazla, kapida kredi kart1 ile 6deme tercihi yapmayan" kullanicilarin kisisel
bakim kategorisinden alisveris yapmay1 tercih ettikleri analiz edilmistir. Elde edilen sonuglar
incelendiginde, sirketlerin c¢alismada ortaya konan model ile hedef miisteri kitlelerini daha iyi
belirlemelerine olanak saglanacagi ve bu sayede yapilan gereksiz yatirimlarin oniine gegilebilecegi
ongoriilmektedir.

Anahtar Kelimeler: Makine Ogrenmesi, Simflandirma, Skorlama, Cevrimici Alisveris Tahmini

Prediction of The Effect of Demographic Features on Online Market Shopping Using Machine
Learning Methods

ABSTRACT: It is seen that many of the campaigns implemented by companies providing online
shopping services to increase their product sales and acquire new customers have not been successful. In
order to increase product sales in online shopping and to make campaigns successful, various data of 394
users who shopped on the online market were collected through a survey. In the study, a model that
provides prediction of the shopping tendencies of online market users from the personal care category
has been presented by applying frequently used machine learning algorithms. Decision Trees, K-Nearest
Neighbor, Gradient Boosted Trees, Random Forest and Logistic Regression methods were used for
modeling. In addition, analysis has been done with AUC (Area under the Curve), recall, fi-score values
to compare the performance of the applied models. As a result of the study, the highest performance was
obtained with the random forest method with an accuracy rate of 0.928 and AUC of 0.92. The model
which applied with Gradient Boosted Trees method was achieved the lowest performance values with
an accuracy rate of 0.704 and an AUC value of 0.70. According to the findings in the study, it has been
analyzed that users whose properties are "under the age of 43-47, high daily internet user, do not choice
to pay by credit card at the door" prefer shopping from the personal care category. When the results
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obtained are examined, it is predicted that the model set forth in the study will enable companies to
determine their target customer groups better, and thus, unnecessary investments can be prevented.

Keywords: Machine Learning, Classification, Scoring, Online Shopping Prediction
1. GIRIS INTRODUCTION)

Teknolojinin hizla gelismesi beraberinde tiiketimin teknoloji ile olan etkilesimini arttirmaktadir.
Glintimiizde bir¢ok firma cevrimigi satis hizmetini miisterilerine saglamak adina cesitli yatirimlar
yapmaktadir. Bu yatirimlar, {iriin satislarini arttirmak, yeni miisteri elde etmek, stok miktarini azaltma
ve karlilig: arttirma gibi amaglar dogrultusunda yapilmaktadir. Ancak bu kampanyalarin bir kisminin
hedefine ulasmadigi, kullanicilar tarafindan kullanilmadigi goriilmektedir. Bu da sirketlerin
kampanyalar i¢in yaptig1 yatirimlarin istenilen fayday1 saglamadigin ortaya ¢ikartmaktadir. Bu ¢alisma
ile var olan bu sorun ele alinarak, miisterilerden elde edilecek olan demografik bilgiler ile kisisel bakim
kategorisinden alisverisin tercih durumuna iliskin bir 6ngorii olusturmak amaglanmaktadir. Bu sayede
etkin bir kampanya stratejisi i¢in sirketlerin faydalanabilecegi bir model olusturmak ve alanda devam
eden calismalara katki saglanmas: diisiiniilmektedir.

Genellikle performans ol¢timleri ve bankacilik sektoriindeki kredi risk skorlamasi gibi alanlarda
tercih edilen skorlama igin lojistik regresyon algoritmasi ile gauss dagilimi calismada birlikte
kullanmilmistir. Uygulamada kullanilan veri seti, rastgele secilen 394 gevrimici market kullanicisinin
demografik ve cevrimici market aligveris tecriibesine ait bilgilerin anket aracilig1 ile elde edilmesi ile
olusturulmustur. Toplamam bu veriler ile model olusturulmus ve kullanicilarin “Kisisel Bakim”
kategorisinden aligveris yapmay: tercih etme durumu Ongoriilmeye calisilmistir. Ayrica, calisma
sirasinda kullanicilarin hangi demografik ozelliklerinin etken oldugu tespit edilmesi amaglanmigtir.
Calismanin sirketlerin yapacag1 gereksiz yatirimlarin dniine ge¢mesi, hangi kullanicilara bu kategoriden
kampanya sunmasi gerektigine dair bir fikir saglamas: hedeflenmistir [1].

Wang ve ark., 2022 yilinda cevrimici aligveris davramislarim1 baz alarak kronik hastaliklarinin
tahmini i¢in 6grenme tabanli modelleme kullanmislardir [2]. Calismada kronik hastalik olarak diyabet
ve depresyon Ongoriisii hedeflenmis ve Onerdikleri 6grenme tabanli model ile yiiksek dogruluk elde
etmislerdir. Moon ve ark., 2021 yilinda miisterilerin ¢evrimigi platformlarda alisveris davranislarin
makine 6grenmesi algoritmalari ile analiz ederek miisteri memnuniyetini arttirmay1 amaglamislardir [3].
Calismada Naif Bayes, Apriori, Karar Agac1 ve Rastgele Orman yontemleri uygulanmis; en yiiksek
dogruluga Apriori algoritmast modeli ile %88 ve Naif Bayes modeli ile %87 olarak elde edilmistir.
Koehn ve ark. 2020 yilinda derin 6grenme yontemi ile kullamicilarin tiklama verilerini kullanarak
aligveris davranislarmni tahmin etmislerdir [4]. Calismada kapali tekrarlayan birime sahip derin sinir
aglari, uzun kisa siireli bellek modelleri ve tekrarlayan sinir aglar1t modelleri kullanilmistir. Wang ve
ark., 2022 yilinda makine 6grenmesi algoritmalarmni kullanarak gevrimici konut reklamlarinin analizi ile
kentsel sosyoekonomik durum analizi tizerinde c¢alismislardir [5]. Calismada yedi farkli makine
O0grenmesi algoritmast modelleme i¢in kullanilmis; agag tabanl algoritmalarin uzamsal tahmin i¢in daha
gliclii sonuglar elde ettigi gozlenmistir. Volkmar ve ark., 2022 yilinda yaptiklar1 ¢alismada pazarlama
yonetimi alaninda yapay =zeka algoritmalar1 ile gelecege yonelik engellerin ve gelismelerin
ongoriilmesini amaglamiglardir [6]. Calisma neticesinde yapilan anket ¢alismas: sonucunda karar verme,
miisteri yonetimi ve strateji olusturma ve uygulama konusunda organizasyonlarin yasadig1 zorluklar
olarak gruplandig: belirtilmistir. Salminen ve ark., 2019 yilinda igerik yonetimi konusunda pazarlama
verimliligini arttirmak icin makine 6grenimi algoritmalarini kullanmislardir [7]. Calismada g¢evrimici
icerik otomatik olarak etiketlenmesi saglanmis; yapay sinir ag1 yontemi ile en yiiksek dogruluga %70
degeri ile ulasilmigtir. Can 2021 yilinda yaptigi ¢alismada {iniversite smavina katilan katilimcilarin
katiimindan olusan anket sonucunda elde ettigi veri seti ile tiiniversiteye yerlestirilmeye hak
kazanilmasinin farkli makine o6grenmesi algoritmalar1 kullanarak sonuglar1 karsilastirmistir [8].
Calismada Lojistik Regresyon, Karar Agaclari, Rastgele Orman, Destek Vektor Makineleri, K-En Yakin
Komsu ve Gaussian Naif Bayes algoritmalarini kullanmistir. Bu karsilastirma sonucunda algoritmalar
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arasinda en yiiksek tahmin yapan algoritma %73.77 dogruluk degeri ile Gaussian Naif Bayes algoritmasi
olmustur. Kaynar ve ark. 2017 yilindaki bir calismasinda, miisteri davramislarinin incelenerek
ayristirilmas1 miimkiin olan miisterileri kategori halinde ayirarak algoritmalar arasinda karsilastirma
yapimistir. Bu ¢alismada Destek Vektor Makineleri, Yapay Sinir Aglar1 ve Naif Bayes algoritmalar:
kullanilmis; ¢alisma sonucunda %91.35 dogruluk degeri elde edilerek en iyi skor yapay sinir aglar
yontemi ile saglanmistir [9]. Isik ve ark.’nin 2021 yilinda yapmis oldugu ¢alisma, teknoloji kabul modeli
kullanarak gevrimici stipermarket aligveris yapan tiiketicilerin, tiiketim tercihlerini etkileyen faktorleri
aciklamaya calismaktadir. Calisma kapsaminda verilerin analizinde basit dogrusal regresyonu ve
korelasyon Kkatsayisi metotlar1 uygulanmistir [10]. Danismaz’in 2020 yilinda yaptig1 calismada,
Tiirkiye’de yasayan 200 kisiye yonelttigi anket ile Covid-19 pandemisi sonras: tiiketicilerin ¢evrimigi
aligveris tercihine etkisini incelemektedir. Covid-19 salgin1 6ncesi kullanicilar tarafindan en ¢ok tercih
ettigi iirtin grubu olan giyimin yerini gidaya biraktigini tespit etmistir. Buna ek olarak bireylerin tiim
toplumu etkileyen salgin esnasinda gida iiriin grubu konusunda tedarik sorunlar1 yasayacagi korkusu
etkili olmus ve bu korku ile stok yapma amaciyla bu kategoriye yoneldigini belirtmistir [11]. Nizam ve
ark. 2014 yilinda makine 6grenmesi yontemleri kullanilarak sosyal medya kullanan kullanicilara ait
duygu analizi calismasi yapmuslardir. Bu c¢alismada, Naif Bayes, Rastgele Orman, Sirali Minimal
Optimizasyon, Karar Agaci ve K-En Yakin Komsu smiflandirma algoritmalari modellenmis ve
karsilastirma yapilmustir. Sirali Minimal Optimizasyon yontemi, %72.33 dogruluk oramiyla en iyi
performans gosteren algoritma olmustur [12]. Saydan 2008 yilinda yaptig1 calismada, cevrimigi alisveris
deneyimine sahip tiiketiciler ile bu deneyime sahip olmayan tiiketicilerin demografik ozelliklerini
ayristirmak, tiiketicilerin geleneksel aligveris ve cevrimici aligverislerde algilanan risk ve faydalari
saptamak ve daha Once ¢evrimigi alisveris deneyimi bulunmayan tiiketicilerin ¢evrimici alisveris tercih
etme olasiligini arttiracak durumlari tespit etmeyi amaclamaktadir [13]. Hendri ve ark. 2020 yilinda
internet tabanl bir uygulama tizerinden hasta sikayetlerinden tiiretilen doktor se¢iminin K-En Yakin
Komsu ve Karar Agaci C4.5 algoritmalar1 kullanilarak yapilmasina iligskin bir ¢alisma gergeklestirmistir.
En basarili sonucu %100 dogruluk orani ile K-En Yakin Komsu algoritmasmin elde ettigi
gozlemlenmistir. Calismada kullanilan diger algoritma olan Karar Agaci C4.5 algoritmasi ise %80
oraninda dogruluk elde etmistir [14]. Saygili1 2014 yilinda yaptig1 arastirmada, kullanicilart motive eden
faydaci ve hazci etmenlerin ¢evrimici satin alma niyeti tizerine etkisini incelemistir. Calisma kapsaminda
481 katilimciya anket uygulanmis ve anket sonucunda olusturulan veri seti SPSS programi araciligi ile
Yapisal Esitlik Modellemesi yontemi ile incelenmistir. Arastirma sonucunda kullanicilar1 motive eden
faydaci ve hazci etmenlerin ¢evrimigi satin alma niyeti {izerinde etkili oldugu tespit edilmistir. Faydac
aligveris etmenlerinin hazci aligveris etmenlere oranla etkisinin daha fazla oldugunu saptamstir [15].

Benzer calismalardan farkh olarak bu calismada en sik kullanilan makine 6grenimi yontemlerinin
uygulanmasmin yaninda Lojistik Regresyon algoritmas: gauss dagilimi ile kullanilarak skorlama
yapimustir. Genellikle performans Olgiimii ve bankacilik sektoriinde tercih edilen skorlamanin bu
alanda kullanilmasi, ¢alismanin 6ne ¢ikan 6zelliklerindendir.

2. MATERYAL VE METOT (MATERIAL AND METHOD)
2.1. Veriseti (Dataset)

Calismanin anakiitlesi Tiirkiye’de yasayan 18 yas {istii bireyler olarak belirlenmis ve toplamda 394
kullanic1 anket i¢in katilim saglamistir. Kullanicilara toplamda 20’si demografik, 32’si alisveris deneyimi
ile ilgili olan 52 soru yoneltilmistir. Anket, Google Forms {izerinden Aralik 2021-Ocak 2022 tarihleri
arasinda cevrimigi olarak tamamlanmistir [1]. Kullanicilara toplam 53 soru sorulmustur. Ik soru
cevrimici market aligverisi deneyimi olup olmadig ile ilgilidir. Bu soruya verilen cevap evet ise geriye
kalan 52 sorunun cevabi alinmistir. Anket sorularindan bir kismi asagidaki gibidir:

e Cinsiyetiniz nedir?

e Medeni durumunuz nedir?
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e Kag ¢ocugunuz var?

e  Yasmiz?

e (Ogrenim durumunuz?

e  Aylik geliriniz nedir?

e Calisma durumunuz nedir?

e Tkamet ettiginiz sehir hangisidir?

e Hangi sektorde calistyorsunuz.

Anket sorularma verilen her yanitin matematiksel bir degeri oldugundan anket sonucunda bir skor
elde edilmektedir. Anket ¢alismasinda kullanilan 6lgeklerin giivenirlik ve gegerlilik analizleri yapilmis
olup, analize uygun olup olmadigini ortaya koyan degerlerden Kaiser-Mayer-Olkin (KMO) degeri 0.840
ve Bartlett testi sonucu anlamlilik degeri P=0.000 ve Cronbach’s Alpha (o) degeri 0.852 olarak
hesaplanmustir.

Modelleme esnasinda egitim ve test setlerinin belirlenmesi icin K capraz sorgulama yontemi
kullanilarak K=5 ve K=10 icin ¢alisma yapilmistir. K=10 icin veri seti 10 esit parcaya boliinmdiistiir ve
algoritmadan 10 defa 6l¢iim alinmistir. Her Ol¢limde 1 parga test icin kalan 9 parga ise egitim icin
kullanilmigtir. Bu yontem ile birlikte K degeri 10 olarak belirlenerek, %90 egitim, %10 test seti ile
dogruluk olgiitlerinde en iyi degerler elde edilmistir.

Ayrica uygulanan modelleme igin parametre secimi yapilirken, ¢evrimigi market iizerinde kisisel
bakim iiriinlerini satin alan veya almayan miisterilerin tiim degiskenler ile iliski aranmaktadir. Bu
durum i¢in Gini Endeksi ve Kanitin Agirlig1 agiklayici yontemleri kullanilmaistir.

Gini Endeksi, dagilimin tekdiize durumunu ortaya koyan bir olgiittiir. Gini endeksinin matematiksel
olarak formiilii denklem 1’deki gibidir. Denklemde m sinuf sayisini, N tercih durumu igin 6rneklerin
sayisiny, Siilgili durumun i sinifindaki 6rneklerin sayisini ifade etmektedir.

GINITercth =1- Z 1(NTeruh) GINITeTCthllek =1- Z 1(NTerCthLZlLk)2 (1)
GINI = ; (lNTercih | GINITercih + |NTercihsizlik | GINITercihsizlik)

Bir nitelige veya grup seviyesine ait baglantili riskin 6l¢iilmesinde kullanilan Kamitin Agirligi, bu
calismada "tercih eden” veya "tercih etmeyen" olarak belirlenmis bagimli degiskenin degeri ile dogrudan
baglantihidir. Kanitin Agirligi, tiim grup asamalarinda tercih eden referanslarin tercih etmeyen
referanslara olan oranina odaklidir. Bir degiskene ait Kamitin Agirligi degerinin hesaplanmasi denklem
2’de belirtilmistir. Denklemde, “In” dogal logaritmay1, “Tercih Dagilim1” belirli bir gruptaki tercihlerin
ylizdesini, “Tercihsizlik Dagilimi1” ise belirli bir gruptaki tercihsizlik yiizdesini vermektedir.

Kanitin Agirlig1 = In( Tercih Dagilun: ) (2)

Tercihsizlik dagilimu

Skorkart her bir bagimli degiskenin bagimsiz degiskeni ne ol¢tide agikladigini ifade etmektedir. Her
bir degiskenin sahip oldugu deger icin bir skor atamasi yapilir. Yapilan skor atamasindan sonra tiim
skorlar toplanarak bir skorkarne elde edilir. Skorkarnede elde edilen toplam puanin yine model
tarafindan belirlenen toplam puan gruplamasina gore konumu incelenir. Siirece ait akis Sekil 1'de
verilmistir.
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Bagimh Degiskeni
Veri Seti E:} Cok Etk_ll.e_\'en. Lojistik SKor Atamas: Skorkart
Bagimsiz Degiskeni Regresyon Olusturma
Belirle

Sekil 1. Lojistik regresyon ve skorlama siireci.
Figure 1. Logistic regression and scoring process.

2.2. Lojistik Regresyon ve Skorlama (Logistic Regression and Scoring)

Lojistik Regresyon, sisteme problem ile ilgili giris degerlerine karsilik olmasi gereken sinif bilgisinin
verilmesi ile 6grenme gerceklestirilir. Bu siirecin sonucunda elde edilen model genelleme yetenegi ile
daha once karsilasmadigi ve smif bilgisi olmayan herhangi bir giris degeri i¢in anlamh 6ngoriiler
yapabilmektedir. Modelleme yapilirken, olmasi gereken en yakin sonuca ulasabilmek amaciyla en
uygun fonksiyonu bulmayi hedeflemektedir. Hatanin sisteme 6grenme olarak geri doniisii sebebiyle,
denetimsiz 6grenmeye nazaran siire¢ ¢ok daha hizlidir [16].

Lojistik regresyon az degisken sayisi iizerinden bagimli degisken ile bagimsiz degisken arasindaki
iliskinin olusturulmas1 mantigina sahip olan yontemdir. Lojistik regresyonu, Lineer regresyondan ayiran
en onemli ozellik degiskenin normal dagilim, sabit varyans ve lineer olma durumu gibi kriterlere
ihtiyact olmadan modellemenin saglanabilmesidir [17]. Lojistik regresyon sapmalara ait en kiigiik
kareleri minimize etmek yerine, bir durumun muhtemel gerceklesme durumunu maksimize eder.
Lojistik Regresyon yontemi, odds ve odds degerlerinin matematiksel olarak logaritmasimi
uygulamaktadir. Odds, lojistik regresyon yontemi igin bir durumun meydana gelme olasiliginin
meydana gelmeme olasiligina orami olarak kullamilmaktadir. Lojistik regresyon agisindan 6nemli bir
kavram olan logit kavrami, odds oraninin dogal logaritmasi alinarak bulunur [18]. Bir durumun
gerceklesme (p(x)) ve gerceklesmeme durumunu (1-p(x)) ifade eden odds denklem 3 ile bulunmaktadir.

_ pX®
Oodds = r— 3)

Modelleme sonras1 hazirlanan skor degerinin giivenilirligi Receiver Operating Characteristic - Alic1
Isletim Karakteristigi egrisi (ROC) ve Gini Katsay1s1 gibi yontemler yardimi ile degerlendirilmistir. ROC
egrisi Urtinii tercth eden ve tercih etmeyen kullanicilarin birbirlerine karst hareketlerine
odaklanmaktadir. Kisisel bakim alaninda aligveris yapmay1 tercih edenlerin kiimiilatif oranina gore
tercih etmeyenlerin ytiizdesini tahmin etmektedir. Egri {izerindeki noktalarin her biri, esige ait skoru
ifade etmektedir. Dikey eksende tercih etmeyenlerin orani, yatay eksende ise tercih edenlerin orani
gosterilmektedir.

Gini katsayisinin sifira esit olmasi kisisel bakim kategorisinden alisveris yapmayz1 tercih edenlerin ve
tercih etmeyenlerin ayriminin rastgele olarak yapildigini gostermektedir. Degerin bir olmas1 durumu ise
tercih eden ve tercih etmeyen ayristirmasinin tam olarak yapildigini ifade etmektedir. Bu sayede, tercih
eden ve tercih etmeyen kullanicilar arasinda farklilasma basarisi ve belirlenen esik puaninin uygunlugu
degerlendirilmektedir. Elde edilen deger O ise tercih eden ile tercih etmeyen kullanicilar arasindaki
ayristirmanin basarisiz oldugu anlamina gelirken, 100 degeri ayristirmanin etkili oldugunu ifade
etmektedir [19].

Gauss Dagilimi literatiirde normal dagilim ve ¢an egrisi olarak da adlandirilmaktadir. Gauss
Dagilimini etkileyen iki parametre ortalama ve standart sapma degerleridir. Normal dagilim gosteren
degiskenlerin daha yiiksek dogrulukta tahmin edilmesine olanak saglamaktadir. Gauss dagiliminda
ortalama, mod ve medyan gibi degerlerin birbirine esitligi ya da yakinlhig1 s6z konusu ise normal bir
dagilimdan bahsedilmektedir [20].

Giinliik yasamda gozlenen olaylarin ¢ogunun uyumlu oldugu Gauss dagilimi siirekli olasilik
dagilimlar icerisinde bulunmaktadir. Bu sekilde olan bir dagilimda asagidaki 6zellikler siralanabilir;
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® Aritmetik ortalama, mod ve medyan birbirine esittir.

eModun medyana esit oldugunu gosteren egrinin tepe noktasi aritmetik ortalamayi ifade
etmektedir.

* Aritmetik ortalamanin saginda ve solunda bulunan egriler simetriktir. Her bir alanin degeri 0.5'tir.

*Verilerin ¢ogunlugu ortalama degerin etrafinda kiimelenir [21].

2.3. Karar Agaclar1 (Decision Trees)

En iyi sonucu tespit etmeye calisirken bir¢ok durum {izerinden ilerleyen karar agaglarinda her bir
durum karar agacinin dallarini olusturur. Karar verme siireci agacin en ucu olarak sayilan yaprak
diiglimiine kadar devam eder. Agacin kokiinden yaprak diiglimiine kadar olan yol hedefin
smiflandirildig: “kural” olarak adlandirilmaktadir. Karar agaglarinda temel olarak kullanilan yap1 “eger-
ise” seklinde devam etmektedir. Yaygin olarak;

¢  Yeni bir verinin hangi sinifin {iyesi olabileceginin tahmininde,

e Tip alaninda cesitli vakalarin Yiiksek-Orta-Diisiik olacak sekilde risk gruplarinin
ayristirilmasinda,

e Eger-sonra yapist ile ileride gerceklesebilecek olaylarin tahmin edilebilmesi mekanizma
kurallarinin olusturulmasinda,

e Alt gruplara ait olan bazi iligkilerin belirlenmesinde,

e Parametrik modeller i¢in bir veri seti igerisinde kullanilmak {iizere faydali olacaklarin

belirlenmesinde kullanilmaktadir [22].

2.4. Rastgele Orman (Random Forest)

Rastgele Orman yontemi, agag¢-tabanli smiflandirma metodudur. Orijinal veri seti tizerinden yeni bir
egitim seti olusturan Rastgele Orman, biitiin degiskenler arasinda optimal boliinme sayesinde tiim
diigtimleri bolmemektedir. Her bir diigiim, gelisigiizel olarak secimi yapilan tahmin ediciler arasindan
en basarilisini bularak boliinmektedir. Ardindan, istege bagli eleman secimi kullanilarak bir agag
gelistirilir. Bu prosediir, Rastgele Orman’i hassasiyet ve dogruluk bakimindan performans: yiiksek bir
yontem olmasini saglamaktadir. Rastgele Orman, ayni zamanda son derece hizli ve fazla takilmaya kars1
giicliidiir. Bunun yaninda modelleyen kisinin ihtiya¢ duydugu kadar ¢ok agacin olusturulmasi bu
yontem ile miimkiindiir. Rastgele Orman algoritmasinin baslatilmasi icin biiyiitiilecek agac sayis1 ve
digimii bolmek igin kullamilacak degiskenlerin sayisini belirten parametrelerinin tanimlanmasi
gerekmektedir [23].

2.5. K-En Yakin Komsu (K Nearest Neighbor)

Simiflandirma  problemlerinin  ¢oziimiinde kullanilan K-En Yakin Komsu algoritmasi,
siniflandirilmamis verinin smiflandirilmis veriler ile belirlenen uzaklik dl¢iitii kullanilarak mesafelerinin
hesaplanmast mantigin1 tagimaktadir. Elde edilen wuzaklik degeri sinflandirilmis veriler ile
siiflandirilmamis veri arasindaki benzerligi ortaya koymaktadir. Bu degerler arasinda en yakin k adeti
tzerinden sinif karari verilmektedir [24].

Makine Ogrenmesi algoritmalar1 iginde ¢okga bilinen ve tercih edilen K-En Yakin algoritmasi,
verinin sahip oldugu bir 6zelligin kendisine en yakin olan bagka bir ozellik ile arasindaki uzaklik-
yakinlik iligkisine bagl olarak siniflandirma yapan bir algoritmadir [25].

2.6. Gradyan Arttirilmis Agaclar (Gradient Augmented Trees)

Hem regresyon hem de siniflandirma problemlerinde kullanabilen Gradyan Arttirilmis Agaclar
algoritmast (GAA), veriler iizerinden ¢ikarimda bulunmaya ihtiya¢ duymadig i¢in gorsel takip
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algoritmalarinin trafik sistemleri ve Oneri mekanizmalarinin optimize edilmesinde sik tercih edilen
gliclii bir aga¢ modelidir. Cesitli niteliklerdeki veri setleri ile calisabilmesi, tek bir karar agaci
karsilastirmasinda daha performansh 6ngorii giiciine sahip olmasi, daha biiyiik veri kiimelerini igleme
esnekligi ve dengesiz veri setlerindeki optimizasyon basaris1 gibi 6zellikleri GAA algoritmasinin giiglii
yonleri olarak sdylenebilmektedir. Yontemin asil amaci, ¢oklu yinelemeler yoluyla ¢ok sayida zayif olan
simniflandiricilar olusturmasidir. Bu simiflandiricilar her yinelemede gii¢lendirilmektedir. Elde edilen
degerleri daha iyi bir sonug¢ haline getirebilmek i¢in yeni olusturulacak olan kombinasyon modeli
gradyan yoniinde olusmaktadir. Bu islem kalitim azaltma islemi olarak isimlendirilmektedir [26].

3. DENEYSEL CALISMALAR VE BULGULAR (EXPERIMENTAL STUDIES AND FINDINGS)

Calismada, Pyhton programlama dili iizerinden Numpy, Matplotlib, Sklearn kiitiiphaneleri
kullanilmigtir. On islem adiminda, veri setinde bulunan eksik veriler temizlenip ayristirilarak veriler
modellemeye uygun hale getirilmistir. Veri seti icerisinde KATEGORI6 isimli degisken (Kisisel Bakim)
tahmini icin “1” degeri “Tercih Eden”, “0” degeri igin “Tercih Etmeyen” olarak etiketlenmistir.
Ardindan K Capraz Sorgulama yontemi ile K=10 igin veri setinde bulunan veriler %90 egitim seti, %10
test seti olarak ayristirilmistir. Veri seti uygulama icin hazirlandiktan sonra calismada Lojistik
Regresyon, Karar Agaci, K-En Yakin Komsu, GAA ve Rastgele Orman yontemleri ile modelleme
yapimistir. Calismada skorkart uygulamas: sadece Lojistik Regresyon modeli icin modellenmistir.
Regresyon isleminin mantigi, problemin hangi durumlarin etkisinde olup olmadigmin analizidir.
Lojistik regresyon yontemi, bir bagimli degiskenin hem bagimsiz degisken ile hem de bagiml
degiskenin odds degerinin logaritmasi ile dogrusal iliskisi bulunmas: tezi ile meydana gelmektedir.
Bagimsiz degiskendeki degisimlerin, bagimli degiskenin odds degerinin logaritmik sonucu {izerinde ne
kadar farkliik gosterecegini lojistik regresyon yontemi neticesinde elde edilen katsayilar ifade
edeceginden &tiirti analiz zorlagmaktadir. Bu durumdan &tiirti elde edilen katsayilar icin skor
uygulamasi ile doniisim islemi yapilarak anlam c¢ikarabilme konusunda yasanan zorluk
hafifletilebilmektedir. Skor uygulamasi ile skorkart lojistik regresyon yontemi ile birlikte kullaruldiginda
modellemenin giivenilirligi ve uygulanabilirligi konusunda ciddi bir yol gosterici olmaktadir [19].

flk olarak bagimsiz degiskenler ile hedef degiskeni agiklayan ve degiskenlerin birbirleri arasmdaki
anlamlilik giiclinii tespit etmek amaciyla Lojistik regresyon ydntemi uygulanmistir. Modelleme
neticesinde anlaml degiskenler Cizelge 1'de verilmistir.

Cizelge 1’de gosterilen Pr > Chisq ifadesi bir degiskenin diger tiim degiskenler ile hedef degiskeni
hangi oranda agikladigini ifade etmektedir. Pr > Chisq sifira yakinlig1 degiskenin anlam degerinin
fazlaligini gostermektedir. Calismada belirlenen alt siur %95 olarak belirlenmis olup, %95 altinda
anlamli olan degiskenler regresyon sonuglarma gore elenmistir. Anlamli bulunan degiskenlerin
birbirleri arasindaki iliskinin yoniinii ve gliciinii tespit etmek amaciyla korelasyon uygulanmis; ortaya
cikan korelasyon matrisi Cizelge 2'de gosterilmistir. Cizelge 1, Cizelge 2 ve Cizelge 3 i¢in kullanilan
“AD2” aligveris degerini, “AF6” algilanan faydayi, “AR2” algilanan riski, “INT_GUN_SURE” giinliik
internet kullanim siiresini, “K_KAPI_ODEME” ¢evrimici alisveriste 6deme yontemi secimini, “YAS”
yas1 ifade etmektedir.
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Cizelge 1. Lojistik regresyon modeli sonucunda anlamli bulunan degiskenler.

Table 1. Variables found to be significant as a result of the logistic regression model.

Degisken Chi-Square Pr> ChiSq

AD2 116.756 0.0006

YAS 97.595 0.0018

K_KAPI_ODEME 74.703 0.0063

AR2 67.030 0.0096

INT_GUN_SURE 61.282 0.0133

AF6 52.196 0.0223

Cizelge 2. Korelasyon matrisi sonuglar1
Table 2. Correlation matrix results.

Parameter AD2 AF6 AR2 INT_GUN_SURE K_KAPI_ ODEME YAS
AD2 1 -0,18 -0,033 -0,043 0,029 0,069
AF6 -0,18 1 -0,03 0,008 0,099 0,053
AR2 -0,033 -0,03 1 0,065 0,08 0,026
INT_GUN_SURE  -0,043 0,008 0,065 1 0,178 0,013
K_KAPI_ ODEME 0,029 0,099 0,08 0,178 1 -0,025
YAS 0,069 0,063 0,026 0,013 -0,025 1
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Degiskenler arasindaki korelasyon incelendiginde %80’in iizerinde degere sahip olan degisken
bulunmadig: tespit edilmis ve lojistik regresyon yontemi sonucunda elde edilen bagimsiz degiskenlerin
tiimi algoritmaya dahil edilmistir.

Daha sonraki adimda ise skorkart dagilimi incelenmistir. Modelin atamis oldugu skorlar ile olusan

skorkart kullamici dagilimi Sekil 2’de verilmistir. Buna goére cogunlugun orta degerde dagilmasi, en
diisiik ve en yiiksek degerlerin en az sayida kullanici ile sinirli kalmasi modelin dogru kurulduguna ve
gauss dagilimini net sekilde yansittigini gostermektedir.
Anlamli bulunan degiskenler icin, gruplara ayirma islemi uygulanmistir. Bu sonuca gore, kisisel
bakim aligverisini tercih eden ve etmeyen dagilimlarina bakilarak skor atamasi yapilmistir (Cizelge 3).

1
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Sekil 2. Skorkart kullanict adet dagilima.
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Figure 2. Distribution of scorecard users.
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Cizelge 3. Bagimli degisken skorkart sonuglari.
Table 3. Dependent variable scorecard results.

Degisken Degisken Degeri Skorkart Sonucu  Tercih Sonucu
AD2<3 43 29.81
AD2 3<= AD2< 4 49 36.76
4<= AD2 60 49.48
AF6<2 7 10
2<= AF6<3 42 30.38
AF6 3<= AF6< 4 45 33.33
4<= AF6<5 51 38.42
5<= AF6 71 57.69
AR2<3 75 59.38
3<= AR2< 4 53 39.47
AR2 4<= AR2<5 49 36.55
5<= AR2 43 315
INT_GUN_SURE <2 44 32.74
INT_GUN_SURE  2<=INT_GUN_SURE <3 45 33.75
3<=INT_GUN_SURE 74 56.06
K_KAPI_ODEME <2 57 42.05
K_KAPI_ODEME 2<=K_KAPI_ODEME <4 50 37.59
4<= K_KAPI_ODEME 28 24.68
YAS<6 53 39.64
6<=YAS<7 49 36.84
YAS 7<=YAS<8 26 21.05
8<=YAS 9 13.04

Skor dagilimi igin her bir degiskenin deger gruplarindan aldig1 puanlar toplanmaktadir. Bu
durumun neticesinde, kullanicinin tercih etme ya da tercih etmeme egilimine gore nihai skor
olusturulmaktadir. Skor elde edilmesi ile kullanicinin kisisel bakim kategorisinden alisveris yapma ya
da alisveris yapmama Ongoriisiine gore gruplama yapilmustir. Gruplar kullanicilarin hangi oranda
ihtimalle alisveris yapmayi tercih edecegine dair ifadeleri icermektedir:

*Cok yiiksek (Skor>=338)
* Yiiksek (304<=Skor<338)
*Orta (270<=Skor<304)

e Diigiik (242<=Skor<270)

e Cok diisiik (Skor<242)

Skor puanlar1 ve modelleme neticesinde bulunan skortkartin hesaplanmasi igin regresyona ait
parametrelerin Olgeklenmesi islemi bu adimda yapilmistir. Bu algoritma ile uygulanan modelin
tahminine iliskin sonuglar Cizelge 4’te verilmistir. Kullanicillarin skorkart sonucunda elde ettikleri
toplam skor arttikca satin alma ihtimali de artmaktadir.

Kullanicilara ait kisisel bakim kategorisinden aligveris yapmay1 tercih etme durumunun
gerceklesme oranlari ile modelin tahmin ettigi gerceklesme durumu arasindaki iliski Sekil 3’te
verilmigtir.
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Cizelge 4. Model tahmin sonuglari.
Table 4. Model prediction results.

Tercih Tercih  Model Tercih

kor A kor Aralig k 9

Skor Ad1 Skor Aralig: Sayac Etme  Etmeme Oran1 % Gercek %
Cok Yiiksek Skor>=338 21 16 5 78,548 76,19
Yiiksek 304<=Skor<338 108 62 46 53,937 57,407
Orta 270<=Skor<304 200 61 139 31,814 30,5
Disiik 242<=Skor<270 52 6 46 13,465 11,538
Cok Diisitk ~ Skor<242 13 1 12 4,802 7,6923
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Sekil 3. Modelin tahmin ve gerceklestirme durumu.
Figure 3. Model prediction and realization status.
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Calismada daha sonraki adimda ise ayni problem Karar agaci yontemi ile modellenmistir.
Olusturulan modelde agacin 7 derinlik ve 56 yaprak sayisi bulunmaktadir. Degiskenlerin siklik degerleri
modeli agiklamak igin yeterli diizeyde oldugu tespit edilmistir. Modelde yer alan her bir degisken

grubunun birden fazla benzersiz degerde cevap icerdigi Sekil 4'te gozlemlenmektedir.

Onemlilik degerleri yiiksek olan degiskenler ve bolme kural say1 adetlerine iliskin drnek Cizelge 5'te
verilmigtir. Cizelge 6’da “KATEGORI7” evé&yasam kategorisini, “KATEGORIS8” evé&bakimé&temizlik
kategorisini, “KATEGORI4” atistirma kategorisini, “G4” aligveristeki gizlilik durumunu, “T3” sosyal
tutumu, “SURE_CEVRIMICI_ALISVERIS” c¢evrimici aligveris kullanim ge¢misini, “KATEGORI5”
siit&kahvalti kategorisini ve “SEKTOR” calisilan sektor bilgisini ifade etmektedir.
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Sekil 4. Karar agac: siklik grafigi.
Figure 4. Decision tree frequency graph.
Cizelge 5. Bolme kural say1 adetleri.
Table 5. Number of partition rules.

Degisken Ad1 Bolme Kural Sayis1  Onem Degeri
KATEGORI7 17.0 1
KATEGORIS8 12.0 0,8458
KATEGORI4 5.0 0,5665
G4 8.0 0,4577
YAS 8.0 0,4115
K_KAPI_ODEME 5.0 0,4112
T3 6.0 0,396
SURE_CEVRIMICI_ALISVERIS 4.0 0,3771
KATEGORI5 2.0 0,3661
AR2 7.0 0,3603
SEKTOR 5.0 0,3584

Calismanin son adiminda ise modelleme i¢in K-En Yakin Komsu, GAA ve Rastgele Orman
yontemleri uygulanmistir. Uygulanan makine 0grenmesi yontemlerine ait parametreler Cizelge 6’da

verilmektedir.
Cizelge 6. Uygulanan yontemlerin parametre degerlerinin kullanimai.
Table 6. Use of the parameter values of applied methods.
Yontem Adi Parametrik Kullanim
Lojistik Regresyon {'C': 2.7825594022071245, 'penalty": '12'}
Karar Agac1 {'criterion": 'gini', 'max_depth'" 40, 'max_features" 8, 'random_state": 50}
K-En Yakin Komsu {'metric: 'euclidean’, 'n_neighbors": 3, 'weights': 'distance'}
GAA {learning_rate": 0.03, 'max_depth': 8, 'n_estimators': 1000, 'subsample’: 0.2}
Rastgele Orman {'criterion’: 'gini', 'max_depth": 8, 'max_features"'auto’, 'n_estimators": 200}

Calismada uygulanan tiim yontemler ile ilgili elde edilen dogruluk Olgiitleri, performans
karsilastirilmas: ortaya konmustur. Uygulanan yontemlerin dogruluk, AUC, Hassasiyet, F1, Geri

Cagirma degerlerinin karsilastirilmasi Cizelge 7’de gosterilmistir.

Calismada uygulanan tiim yontemlere ait ROC egrisi grafikleri Sekil 5'te gosterilmistir.
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Sekil 5. Uygulanan yontemleri ROC ve AUC degerleri.
Figure 5. ROC and AUC values for applied methods.
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Cizelge 7. Uygulanan yontemlerin performans karsilastirilmasi.
Table 7. Performance comparison of the applied methods.

Yontem Adi Dogruluk ROC-AUC Hassasiyet F1  Geri Cagirma
Lojistik Regresyon 0.831 0.90 0.829 0.84 0.832
Karar Agac1 0.912 0.91 0.907 0.90 0.916
K-En Yakin Komsu 0.921 0.92 0.918 0.92 0.919
GAA 0.704 0.70 0.704 0.70 0.70
Rastgele Orman 0.928 0.92 0.921 0.92 0.924

4. SONUCLAR ve TARTISMALAR (RESULTS and DISCUSSIONS)

Literatiirde, ilgili alanda benzer veri setleri ile genellikle tiiketici tercihlerinin agiklanmasina yonelik
calismalar yapilmistir. Bu calismada, bir kullanicinin bir kategoriden aligveris yapma olasiligini
ongoriilmesi ve bu tercihi etkileyen demografik 6zellikler iizerine odaklanilmistir. Bu agidan yaklasima
sahip fazla sayida calismalara rastlanmadigindan, ¢alismanin alaninda 6zgiin bir arastirma oldugu ifade
edilebilmektedir. Ayrica ¢alismadaki diger 6zgiin katki ise genellikle e-tedarik sistemlerinin performans
ol¢limii, bankacilik sektoriindeki kredi risk yonetimi, gibi konularda kullanilmis olan skorkart ve
skorkarne terimlerinin bu alanda kullanilmasidir.

Calismada segilen problemi modellemek igin sik kullanilan makine &grenmesi algoritmalarindan
Lojistik Regresyon, Karar Agaci, K-En Yakin Komsu, GAA ve Rastgele Orman yontemleri
uygulanmistir. Her yontem, her bir degiskenin bagimli degisken ile olan anlamliligini 6l¢mektedir.
Uygulanan tiim yontemler icin ilk olarak 52 degisken dikkate alinmis olup; anlamlilik durumuna gore
analiz yapilmistir. Karar Agaci, K-En Yakin Komsu, GAA ve Rastgele Orman algoritmalarindaki
smiflandirma sonucunda en anlamli sonucu veren 11 degisken belirlenmistir. Belirlenen bu 11
degiskenin tamaminin kendi igerisinde anlamli olmadigr belirlenmistir. Ancak lojistik regresyon ve
skorkart uygulamasi ile 6 degiskenin tamaminin kendi igerisinde de anlamli oldugu sonucu ortaya
¢ikmistir. Sonuglarin karsilastirilmasi sadece tek bir skorkart uygulamas i¢in yapilmaistir.

Modellere ait sonuglar incelendiginde Rastgele Orman yontemi ile uygulanan modelinin 0.928
dogruluk orani ile en yiiksek performansi gosterdigi ve 0.921 AUC degeri ile modelin yiiksek bir
smiflandirma basarisina ulastig1 goriinmektedir. En diisiik performansin ise 0.704 dogruluk orani ve
0.702 AUC degeri ile GAA algoritmasina ait oldugu gozlenmistir.

Ayrica calismada Makine Ogrenmesi algoritmalarindan Lojistik regresyon ile gauss dagilimi
uygulandiginda 3 ana demografik 6zelligin etken oldugu analiz edilmistir. Bunun yaninda calismada
olusturulan skorkart ile de elde edilen bu sonuglar desteklenmektedir. Degiskenlerin, hedef degisken ile
olan iligkisi uygulanan yontemler ile ortaya koyulmaya calisilmistir. Calismada lojistik regresyon
yontemi, skorkart ile modellendiginde 6 degiskenin tamaminin kendi arasinda anlamli ve iligkili oldugu
sonucu elde edilmistir. Kullanicilarin demografik 6zelliklerinden olan yas, giinliik olarak internette
gecirdikleri siire ve kapida kredi karti ile 6deme yapmayi tercih etme durumu kisisel bakim
kategorisinden alisveris yapmay1 dogrudan etkileyen faktorler arasinda yer aldig1 elde edilen bulgular
ile ortaya konmustur.

Calismada elde edilen analiz bulgularina gore; cevrimi¢i market aligverisinde kisisel bakim
kategorisi igin, 43 ile 47 yas araligindan daha kiiciik yasta olup, giinliik internet kullanim siiresi 7-10
saat arasinda olan ve ayrica kapida kredi kart1 kullanim segenegini “Hi¢ kullanmam” veya “Nadiren
kullanirnm” seklinde tercih eden kullamicilar i¢in kampanya uygulanmas: halinde hedef kitleye ulasilmig
olacaktir. Oraya konan bu ifadeler neticesinde, ¢alismanin en biiyiik katkilarindan biri kisisel bakim
kategorisinden aligveris yapabilecek kullanicinin sahip olmasi gereken ozellikleri agik¢a ortaya
koyabilmektir.

Yapilan calismada perakende sektdriinde faaliyet gosteren ve cevrimici market uygulamas: ya da
web hizmeti sunan tiim firmalarin fayda saglayabilmesi amaglanmistir. Buna gore elde edilen veriler ile
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ilgili kategoriden yapilan satiglarin arttirilmasi ve bu kategori ile ilgili yapilacak olan kampanyalarin
basariya ulasmasi adina bu ¢alismanin fayda saglayacag: diisiiniilmektedir.
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Highlights

e Carbon fiber composites are used as EMI shields due to their in plane electrical conductivity.

¢ However, damages during in use may harm the composite and knowing the EMI performance
losses in a strategic product is an important issue.

e Accordingly, the applied 10 joule impact energy to the manufactured composite reduces the
electrical conductivity by 74.3% and the EMSE by 40.5%.

o The effect of impact causes fragmentation of matrix and fibers and resulting disconnections of the
conductive network of composite.

e 5 joule impact energy is assumed as a threshold value for the composite, and higher impact
energies may cause to performance losses that can finish the service life of the 6 layered CFRP
composite.

¢ The deterioration in the carbon-based conductive network, transforms the shielding characteristic
from absorbance to reflectance.
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ABSTRACT: Carbon fiber reinforced polymer (CFRP) composites are widely used engineering materials
in aerospace technologies. These electrically conductive carbon-based materials, due to the lightness
advantages, are preferred as shields against electromagnetic radiation, especially in aircraft and satellites.
However, the performance losses caused by damage because of flying object collision such as bird, hail,
or projectile contain significant uncertainty. Herein, the CFRP composite material was structurally
damaged by low velocity impact test set-up at various energy levels between 2.5 to 10 joules, and then its
electromagnetic interference (EMI) shielding performance was investigated. In addition, the electrical
properties of the material were also examined, and the occurred damage status was evaluated by
microscopy studies. Intrinsically, the increase in impact energy increases the grade of damage on body of
the material. This results in a drastic decrease in electrical conductivity and EMI performance. In
experiments, where 5 joule energy is detected as a threshold level, it has been observed that irreparable
damage occurs at energy levels above this value.

Keywords: CFRP composite, Damage, Electromagnetic interference shielding, Electrical conductivity, Low velocity
impact

1. INTRODUCTION

The increase in the number of communication devices and electronic systems such as 5G network and
GPS satellite signals in recent years has caused increasing electromagnetic (EM) radiations and
consequently electromagnetic interference (EMI) [1]. It has been proven by scientific studies that this
electromagnetic radiation has many negative effects such as, distortion of wireless phones, radio or TV
signals for electronic devices and damaging the DNA and cell structure for living organisms [2, 3]. For
this reason, protecting from electromagnetic waves or reducing their effects has become an important
research issue [4]. Also, in areas such as military aviation, avoiding EM waves is already an important
requirement for strategical aircrafts or satellite. Electromagnetic shielding is known as stopping or limiting
electromagnetic radiation with conductive or magnetic barriers and it depends on charge, current and
polarization capability of the outer and inner structure of materials [5-7]. Electrically conductive materials
come to the forward in this respect, since the shielding is provided by mechanisms such as reflecting the
radiation from the outer surface or absorbing it in the inner structure [8]. Metal materials offer good
shielding performance due to their electrical conductivity. However, the fact that the main shielding
mechanism is reflection, causes the continuation of the damage of the EM effect in different areas with
secondary reflections. In addition, the corrosion tendency and high density of metals limiting their usage
areas for some sectors such as aviation [9].

Nowadays carbon-based polymer composites are rapidly progressing to become an alternative to
metals in terms of EM shielding, as in many other fields [10, 11]. They are preferred for necessary shielding
activities, especially in areas such as aviation where low weight is very important. Moreover, easy
processibility and the structural diversity of carbon (particle, fiber, foam, etc.) offers a wide range of usage
options in different fields [12]. Long service life and low maintenance requirements are other important
factors for the use of composite materials as shielding elements [13, 14]. However, deformations and
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possible damages due to usage conditions can occurs. According to the report of European Aviation Safety
Agency [15], the kinetic energy at the time of collision of an aircraft and a bird (bird masses above 0.78 kg)
can reach up to 1500 joule. According to the same report, it was stated that this value is 2.7 to 6.6 times
higher than the minimum requirements for fixed wing aircraft with certification requirements. It is
emphasized here that speed and mass are the main factors determining the energy and constitute new
areas on material performances that need to be examined. These impacts can result in mechanical electrical
or EMI performance losses in composites as in every material. For example, a stealth capable aircraft or
drone may be damaged while on duty, such as hail, projectile or bird strikes, and any deformations like
scratching, cracking, or bending may occur on the structural shield material [16]. So, the electromagnetic
wave will leak from the damaged area of the body and effect all system performance. This may cause it to
lose the invisibility advantage that it gained by absorbing radar waves. It is vital that military vehicles and
devices do not lose their EMI performance to maintaining their combat survivability [17]. This makes it
necessary to constantly monitor the performance losses of materials due to damage against similar cases.

Some studies in the literature reveal that changes occur in electrical and shielding properties even
under limited deformation conditions to which materials are exposed. For example, some researchers
studying flexible film and foam materials have reported the electrical conductivity and EMI performance
of the material decreasing when bending application. Yang et al. found that the average EMI performance
decrease from 26.5 dB to 25.8 dB and resistivity slightly increase after continuous bending (1000 cycles)
process on their study that investigate the flexible silicon rubber/CNT/Fe304 nanocomposite
characterization [18]. Similarly, Jiang et al. investigated the thermoplastic polyurethane/reduced graphene
oxide composite materials. They found that the thin foam materials EMI values decreased from 21.5 dB to
16.5 dB at 1000 cycled and 2 mm curvature radius bending period [19]. Ravindren et al. have tested the
ethylene-co-methyl acrylate (EMA), ethylene octene copolymer (EOC), and carbon nanotube (CNT)
composites in terms of EMI properties. They found that the average EMI decrease from 33 dB to 32 dB
after 500 cycled bending process [20]. Zhou et al. investigated the electrical conductivity of the
graphene/carbon nanotube hybrid composite films after multiple bending movement. They pointed out
the electrical conductivity slightly decrease after 1000 cycled bending at smaller than 1 mm curvature
radius [21].

Wei et al. studied the effect of CNT coating on electrical conductivity properties of pre-cracked and
rolled GFRP composites samples. The results showed that CNTs help maintain electrical conductivity
while cracks develop, the conductivity decrease while the mechanical strain occurred by rolling [22]. Some
studies have focused on self-healing mechanisms to compensate for the loss of performance caused by
damage. Sim et al. studied on self-healing graphene oxide/silver nanowire films and textile. They found
that the EMI SE was decreased from 72 dB to 56 dB, the resistivity was increased from 15 to 40 MQ when
the samples were cracking damaged. They also declared that the self-healed material regains the similar
EMI performance again with 71 dB [13]. Ma et al. were able to develop a MXene melamine sponge
mechanism that regain performance at ratio of 99.99% after breaking damage by repairing itself with the
application of PU substrate [23]. Wang et al. researched the CNT reinforced dynamic crosslinked
polyurethane (PUDA) polymer composite as a self-heal material. They declared when the sample cracked
the EMI value decrease from 30.7 dB to 16.8 dB. Also, their self-healing mechanism repaired itself
approximately at ratio level of 97% after multiple cracking-healing cycles [24] On another study of Wang
et al. they found that the EMI value decrease from 35.5 dB to 17.1 dB after cracked by blade and EMI value
decrease from 33.8 dB to 32.3 dB after 5000 times bending at another CNT reinforcement level [16].

There are different studies too, showing that the need for EMI shielding is not just aviation oriented.
The same performance can be expected from buildings that will protect ground personnel from bursts of
electromagnetic radiation. Yoo et al. investigated the CNT added cement that proposed for construction
of military building designed against to protect electromagnetic radiation. They pointed out CNT
reinforcement offers beneficial EMI performance in the construction but emphasized that the EMI
performance decrease when the microcracks occurred on the cement [25]. Kim et al reported similar results
on CNT reinforced concrete. They said that the EMI performance decreases approximately levels of 40-
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50% compared to the non-cracked samples when different sized cracks that detected with image
processing and appear on samples [26].

The main subject of all these studies presented in the literature is depending on the operational
conditions, many cracks or damage may occur in the composites and the material may not give expected
performance. For this reason, the relationship between damage in the structure and EMI shielding
effectiveness should be evaluated. Most of the literature focuses on the electrical and EMI performance
loss and healing properties of flexible, film, and foam materials. Unlike the literature, the study focuses
on the damage-loss relationship of the most basic composite material currently in use on aviation sector
such as aircraft bodies, landing gear covers, satellite housing elements, electronic device boxes etc.
However, post-damage EMI performances of CFRP composites, which are widely used in areas such as
military aviation, have not been extensively investigated. In this study, changes in electrical conductivity
and electromagnetic shielding performance of CFRP composites that damaged by various level of impact
energies were investigated experimentally. Thus, an analysis on damage resulted shielding performance
losses that may occur during service life, especially aircraft or drones, has been tried to be presented.

2. MATERIAL AND METHODS
2.1. Materials

Used carbon fiber fabric as the reinforcement material in the study has 7 pm diameter and 240 gr/m?
density with twill woven. The epoxy matrix with two components as known commercial code MGS
L.285/H285 has aviation certificated and both materials was purchased from Dost Kimya, Tiirkiye.

2.2. Manufacturing of Samples

The vacuum infusion method was chosen for the composites manufacturing (Figure 1). Thus, it was
aimed to produce samples with the balanced matrix distribution and stable thickness. The carbon fabrics
prepared by cutting in size of 300x300 mm was arranged in 6-layers and after the peel ply and vacuum
net were added, the layers were covered with vacuum nylon. After resin infused the composite was cured
at room temperature for 8 hour and post cured at 70 °C in an oven for 2 hours. 20 samples were prepared
by cutting the composite in 40x40 mm that manufactured according to the designed experimental setup.

Rl
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Vacuum
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Samples

225 15 J7.5 J10

Figure 1. Composite manufacturing and sample preparation.

Although it is common application to positioned Teflon or nylon film between fabric layers for
obtaining crack in the literature, these samples are used in Mode-I and Mode-II interlaminar shear tests
[27]. In addition, since these cracks occur between the layers and in plane direction, they are incompatible
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with the subject of this study and therefore they were not preferred. On the other side, scratching with a
knife is another way to obtaining crack [24]. But this application preferred for sponge, film or foam
materials and because of the regularity shape does not coincide with natural damage case. Thus, the low
velocity impact test device given in Figure 2 was used to create damage on the samples.

10x19 mm sized
Waveguide gap for
EMI measurement

Z

Figure 2. Impact application set-up.

Since the aim of this study is mapping the EMI shielding performance loss, 2.5, 5, 7.5, and 10 joule
impact energy values were chosen as the main examination range. A possible hail, bird or any other
particle strike scenario was tried to be obtained by applying four different energy level of impact to the
40x40 mm samples that positioned on the sample holder. The impact was applied to the diagonal center
of the samples. For this aim steel impact tip that has 10 kg mass were dropped from a height of 25, 50, 75,
and 100 mm, respectively. The used potential energy formula has been given in equation 1. Accordingly,
4 samples were used for impact application at each energy level, and 3 measurements were made for EMI
and 7 measurements were made for electrical conductivity on each sample after damage occurred.
Experimental design has been given in Table 1.

E=mgh 1)

Here are the E is energy (joule), m is the mass (kg), g is gravity (m/s? and it is assumed as 10), and / is
the height (m).

Table 1. Experimental parameters and sample codes.
Sample Code  Applied Impact Energy (J) Impact height (mm)  Impact speed (m/s)
0

JO 0 0
J2.5 25 25 0.707

J5 5.0 50 1
J7.5 7.5 75 1.224
J10 10.0 100 1414

2.3. Experimental procedure

Electrical conductivity has a direct effect on EMI. In order to examine the EMI performance of the
material, it is necessary to measure the electrical conductivity of the material. Only in this way damage
and EMI can be linked each other established and discussed. Two probe method was used for measuring
electrical conductivity of composite materials with using an ohmmeter according to ASTM D4496-13. The
electrical resistance and resistivity were calculated using following equations from 2 to 4 [28].

R=V/I (2)
p=(RxA)/l (3)
o=1/p (4)
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Here are the p is resistivity, R is resistance (ohm), and V'is electric potential difference (Voltage). Cross-
sectional of measured area is A (cm2), contact length of probes I (cm), and electrical conductivity is o (S/cm).

The vector network analyzer with two WR-90 waveguide set was used for electromagnetic shielding
effectiveness (EMSE) measurements at X-band (8.2-12.4 GHz). Electromagnetic frequency, consisting of
8.2 and 12.4 GHz frequencies, is referred to as X-Band. It is widely used in many sectors, especially in
aviation, defiance, marine and satellite systems, for radar observation, navigation, communication and
meteorological forecasting [29]. These properties of the X-Band have enabled to selected as the target
frequency range of the study especially focused aviation materials. On the other hand, the used waveguide
technique is one of the non-standardized SE measurement techniques according to the IEEE 2715-2023
standard report document. it is a combination of ASTM D-4935 and IEEE-299 standards. It has a very
popular and widespread usage areas thanks to its easy application, small sample size requirement and
ability to measure high frequencies such as 8.2-12.4 GHz [9, 27, 29-34]. In this technique, the samples were
positioned between two insulating sample holder that they have 10x19 mm sized gap by aligning the
center of the impact and waveguide gap. Thus, it was ensured that the samples were not fragmented due
to cracks and that the scattering S parameters were measured only with electromagnetic waves that
spreading from the waveguide and crossing passed through the gap of sample holder [35, 36].

Total shielding effectiveness (SEtot) was calculated using following equation 5. SEtot is equal to sum of
shielding effectiveness of reflectance (SEr), shielding effectiveness of absorbance (SEa), and shielding
effectiveness of multiple inner reflectance (SEm). SEwm is neglected, when the SEtot is greater than +10 dB

[9].

SEro; (dB) = SEg + SE, + SEy = 1010g(%) (5)

Here are, the power of the incident electromagnetic waves is Pi and power of transmitted
electromagnetic waves is Pr. The required SEs, SEr, and SEr parameters were calculated by using the
following equations from 6 to 8 according to the measured S parameters with network analyzer [36, 37].

-S11°2 —S55°2 -R
SE4(dB) = 10log(~;5) = 10log(~; %) = 10log(~) (6)
1 1 1
SER(dB) = 1010g(m) = 1010g(1_5222) = IOIOg(E (7)
1 1 1
SEr(dB) = 1010g(g) = 1010g(§) = 1010g(;) 8)

Here are, the absorbance is A, the reflectance is R and the transmittance is T. To verification of the
system, the sum of A, R and T must be equal to 1 [36, 37].

The penetration ability of electromagnetic radiations into an electrically conductive material is limited
to its surface thickness that related with charge current and polarization, also known as the skin effect.
The shielding effectiveness of absorption is inversely proportional to the skin depth (d), where the field
reduces to 1/e of the incident value [38, 39]. The relation between SEA and skin depth is calculated by
using equation 9 [40].

5 =-868] )

t
SEa

Finally, the SOIF BK5000 optical microscope (OM) was used to investigate the microstructure and
crack propagation of composites due to the impact application.
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3. RESULTS AND DISCUSSIONS
3.1. Electrical properties

The electrical conductivity and resistivity tests results are given in Figure 3. The damaged materials
offer various resistivity and conductivity values according to applied impact energy levels. The
measurements show that the electrical resistance increases as the damage on the material increases. While
the non-damaged JO sample gave a resistivity value of 25.64 Qcm, the resistivity of the most damaged J10
sample increased approximately 3.7 times and was calculated as 95.84 Qcm. Similarly, the intrinsic
conductivity values change inversely with the damage. While the intrinsic conductivity value for the
undamaged JO sample was 0.039 S/cm, it was calculated as 0.01 S/cm for the damaged J10 sample. The
effect of the damage on the electrical conductivity values can be analyzed better in the drawn graph.
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Figure 3. Electrical conductivity and resistivity results.

The literature reveal that changes occur in electrical properties under limited deformation conditions
to which materials are exposed [18-21]. Wei et al. declared that the electrical conductivity decreases while
the mechanical strain occurred and cracks develop on GFRP composites [22]. It is thought that the main
reason of this change in conductivity and resistivity is the fragmentation of carbon fibers by impact. The
integrity of the fragmented and separated carbon fibers is disrupted, and this reveals that the existing
electrical network is weakens and broken. In other words, the reduced ability of electron transfer leads to
an increase in the resistance of the material, resulting in a decrease in its conductivity [41, 42]. It is observed
that the J10 sample, damaged with 10 joule impact energy, shows a large jump in resistivity results. This
change in electrical properties also gives us information about the damage status of the material and
suggests that the larger area of damage occurred in this sample. Because the increase in resistance for
equivalent material and fixed probe range is explained by the reduction of the cross-sectional area
according to the formulation [28]. Here, change in contact area of fibers can be calculated by operating the
formula in reversely in accordance with resistivity-area relationship of the J0 sample and the resistance
values of the J2.5, J5, ]7.5, and J10 samples. Accordingly, observed decrease in contact area proves the
existence of broken and fragmented fiber groups [25, 26]. It should be noted that although the formula
defines a 2-dimensional area, it is possible the fracture can be occurred in 3-dimensional formation.
Because the weaving of carbon fiber fabric is 0-90 twill knitted. Warp and weft weaving makes it possible
to crack propagate in both the X and Y directions. However, when the effect of the impact force in the Z
direction is added to material, the vectoral forces promote the fracture formation in all 3-dimensions.
Accordingly, as the impact energy increases, the damage on the material is spreading, and the contact area
of the fibers decreases due to fiber fragmentation. Finally, decrease on area of carbon fibers that contact
with each other, it results in a decrease in electrical conductivity [25, 26]. The relationship between the
impact energy and the contact area of fibers are given in Figure 4.
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Figure 4. Relationship between the impact energy and the contact area of fibers according to the
resistivity measurements.

3.2. Shielding Effectiveness (SE) results

The SE Tot results as a function of the frequency are presented in Figure 5a. Non-damaged JO sample
gives -33.928 dB SE Tot value. The calculated SE Tot values of other samples ]2.5, J5, J7.5, and J10 are -
33.175, -31.956, -26.745, and -20.184 dB, respectively. The drastic decrease on SE Tot can easily see when
the impact energy increase. Decrease rates for J2.5, J5, J7.5, and J10 were calculated as 2.2, 5.8, 21.1, and
40.5% compared to the JO, respectively. Electrical conductivity plays an important role in attenuating EM
waves on the material [9, 41, 43]. As EM waves move through the structure, they dispersed by electrical
charge transportation and is absorbed by converting to heat [4, 44, 45]. Therefore, the width of the
conductive mesh is important. Since the epoxy matrix is an insulator, it is completely permeable to EM
waves. In other words, epoxy has no efficient shielding ability [29]. The occurred damage by the impact
does not change this effect, too. So, it can be said that the epoxy matrix is not responsible for decrease of
shielding ability. The damage, caused by the impact means the breaking and fragmentation of the carbon
fibers as much as the matrix fragmentation. Thus, electrically conductive networks get weakens and the
impedance mismatching between material surface and air is reduces [8, 20, 41, 46]. The SE Tot values
decreased with the reduce of electrical conductivity due to the damage occur. Thus, non-damaged JO
sample gives the highest SE Tot due to all fibers stay together, contrary the J10 has the minimum SE Tot
value.

Although the first noticeable result is the dramatic decrease in SE Tot values another interesting issue
is the stability of the respond to EM waves is impaired and the frequency range at which it exhibits
sensitivity is expanding. As can be seen from the reduction of the straight sectors of the curve the
sensitivity range shown at the frequencies of 8.8 and 11.8 GHz has expanded to 8.5-9.0, 9.8-10.5, and 11.4-
12.0 GHz ranges. This proves the serious SE Tot performance losses occurs in the material. Also, while
the JO sample easily reaches up the commercially required -30 dB SE Tot values [4, 47, 48], only the J2.5
and J5 samples have been able to maintain its effectiveness. The other J7.5 and J10 samples shows
enormous performance decrease after impact damaged. Thus, it is obviously seen that shield could not
fulfill her duty and the materials should be fix or replaced with a backup before any other usage.



Effect of Low-Velocity Impact Damage on the Electromagnetic Interference Shielding Effectiveness of CFRP Composites 965

‘ —1J0 —=—J2.5 ——J5 ——J7.5 ——J10

0 4 t t + t t t i
-5 81.2 8.7 9:2 9.7. 10.2 10.7 11.2 11.7 12.2
-10
=15
-20
225!
-30
-35
-40

SE Tot (dB)

Frequency (GHz)

@\ —J0 =5 )5 75 ——j0 |

SEA (dB)

—J0 =25 =5 75  —J10

SER (dB)

Frequency (GHz)

Figure 5. Shielding results of the damaged samples; a) SE Tot, b) SEA, and c) SER.

Figure 5b and 5c gives the SEA and SER results of the samples. The trend of SEA curves show
similarity with the EMSE curves. While absorbance lines are clustered around -33 dB and shifted towards
the zero as the impact energy increased, reflectance lines are located on the center zero region. Another
information that can be obtained from the curves is that the absorption sensitivity of the material is
impaired. According to the literature, materials that provide excellent shielding performance offers flatter
curves [13, 23]. The fact that the curves of the damaged samples has more zigzag shape indicates that the
reduces ability of response according to the changing frequency. Although the mean values seem
numerically significant, the shielding change observed at close frequencies reveals that the characteristic
of the material is deteriorated.

Figure 6 gives the comparison of SE Tot, SEA, and SER results. The SEA values of the samples J0, ]2.5,
J5,]7.5, and J10 are calculated as -33.868, -33.077, -30.857, -25.316, and -18.310 dB, respectively. The SER
values was also calculated as -0.061, -0.098, -1.098, -1.429, and -1.873 dB for J0, J2.5, ]5, J7.5, and J10 samples,
respectively. The obtained results reveal that the main shielding mechanism of the composite material is
absorbance. The absorption dominated shielding characteristic is, proving its potential for use in
applications where low radar visibility and high electronic protection is required [49].
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Figure 6. Comparison of SE Tot, SEA, and SER results.

However, the absorbance ability of the material decreases significantly with the damage caused by
the impact. As in the SE Tot, decrease from -33 dB to -18 dB show an absorption performance loss at ratio
of 45%. The results reveal that the conductive network which the electromagnetic wave propagates in the
material is damaged. In fact, this situation shows parallelism with the decreasing in electrical conductivity.
In addition, while the absorbance decreases, the EM reflectance values of the material significantly
increase. The calculated increase rate is about 2970%. It is thought that the increased micro surface area
due to the fractured fibers lead to more reflection of EM waves. It has been stated in the literature that
surface-enlarging factors such as intra-structure pores increase the reflection [38]. The findings can be
considered as a comment compatible with the literature. This marginal increase means that the shield lost
its mission capability by turning EM waves into the reflection after a damage due to the impact while
absorbing radar waves.

The skin depth, which is the effective thickness that EM waves is absorbed by dispersing in the
material and related with frequency, material permeability, and conductivity [39, 50]. The calculated skin
depth values for all materials are given in the Figure 7. The calculated skin depth of the non-damaged JO
sample is 0.512 mm versus 33.868 dB SEA value. This value is the required thickness for absorbing EM
waves of CFRP composite material during shielding. Carbon fibers increase impedance mismatching and
skin depth with lower magnetism and high electrical conductivity [38]. The other skin depths were
calculated as 0.524, 0.532, 0.685, and 0.948 for J2.5, J5, J7.5, and J10 samples, respectively. As can be seen
on combine graph at Figure 7, while the applied impact energy increases, the thickness required by the
material for absorbance increases due to the conductive network damaged that emits EM waves. Even
though the absorbance value offered by the material decreased from -33 dB to -18 dB, the skin depth value
increased almost 2 times from 0.512 mm to 0.948 mm. These values show the size of the damage on the
J10 sample and how effects the material shielding characteristics. In another aspect, the calculated skin
depth differences quite little between the J0, ]2.5, and J5 samples, which reveal that the damage is formed
at a small area (occurred on material surface) for J2.5 and ]J5 samples. Therefore, it can be said that there
was no internal structure damage has occurred for these materials at the impact energies mentioned. In
addition, this result is confirmed in the "microscopy studies" section by images that obtaining from optical

microscope.

Jo J2.5 J5 J7.5 J10

0 — — — — — —— 00
[ 02 €
-10 E
= 0512 0524 s 04 o
= =20 0.685 T 1 06 -é
g -18.310 o
o 30 1 -25.316 08 g
o £
T = -30.857 09483 1.0 7

40 -33.868 3077 12

Samples
| SEA =—Skin Depth Thickness |

Figure 7. Skin depth absorbance relation versus impact energy.
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3.3. Optic microscopy studies

Optical imaging studies are important in terms of investigating the causes of the change observed in
electrical and shielding properties. The impact zone images given in Figure 8 prove the fiber fragmentation
hypothesis. With the increasing impact energy, the damage area grows and deepens. Although the
absolute area cannot be calculated exactly, it was detected that the damage size increased exponentially
while the impact energy increased linearly. In addition, while the damage was observed only on the
surface for J2.5 and J5 samples, it was developed in penetration and form of complete disintegration for
J7.5 and ]J10 samples. In other words, while the damage is 2D (X-Y plane) for J2.5 and J5, it is occurred on
3D (X-Y plane and Z direction) for J7.5 and J10. Considering that the repairability and reusability, it is
thought that renovation is possible for J2.5 and ]J5 samples, since the damage occurs on the surface.
However, since the damage deeply penetrated into structure and resulted with dividing in two parts, it is
thought that it is not possible to repair it efficiently for J7.5 and J10 samples.

Jo J2.5 J5 7.5 J10

Figure 8. Makro images of samples after impact application.

The damage size, which is relatively low for J2.5 sample, increases rapidly for the J5, J7.5 and J10
samples with the increase of impact energy. While a very deep crack was formed in Z direction for J7.5,
the full separation limit was reached for J10 sample. The observed great damage illuminates the reason
for the conductivity and therefore SE losses of the materials in line with the literature [22, 25, 26].
Magnified images of the damage areas are presented in Figure 9. It can be seen in Figure 9a, that the
damage in J2.5 in the form of matrix fracture and is superficial. It was observed that some of the fibers in
the top layer of composite were broken for a very limited area and the damage did not progress into the
structure. As given in Figure 9b, it was determined that the matrix cracked more intensely in the J5 sample,
and the top carbon fiber bundle completely separated from each other at woven intersection region in the
plane direction. Some cracks have been measured average width of 100 um. As can be seen in Figure 9c,
there is a significant damage on the ]J7.5 sample. The average crack widths are around 300 um and they
penetrate deeply into the composite. Unlike the J5 samples, the damage occurred suddenly and in the
form of complete breakage without waiting for the cracks reach up to the warp-weft intersection regions.
As given in Figure 9d, J10 samples were completely fragmented. The material was not only separated in
the plane direction but also delaminated due to the impact. Multiple damage occurred at various direction
and delamination between the layers have increased the loss of conductivity. And thus, shielding
performance against to EM waves decreased to levels that render the product useless.
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In terms of the repairability of the material, it is considered that repair is possible in the J2.5 and J5
samples, since the damage occurred on the surface. In addition, even though these two samples suffer
2.2% and 5.8% performance loss in EM shielding, they are still above the 30 dB commercially required
shielding limit. However, since the damage in J7.5 and J10 samples is affecting the internal structure of the
material, it is thought that it is not possible to repair it. Thus, it can be concluded that the impact energy
of 5 joule is the threshold value for a composite material designed as in the study. It is considered that the
material exposed to values above 5 joules, it can no longer in use due to the damage.
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4. CONCLUSIONS

This study addresses the effect of the damages after low velocity impact at various energy levels (2.5,
5,7.5, and 10 joules) on the electrically conductivity and the EMSE performance of carbon fiber reinforced
polymer composite. According to the results, the electrical resistance increases as the damage on the
material increases. While the non-damaged JO sample gave a resistivity value of 25.64 Qcm, the resistivity
of the most damaged J10 sample increased approximately 3.7 times and was calculated as 95.84 Qcm. One
of the other findings of the study is that the 6-layer CFRP composite can easily reach up the 30 dB SE Tot
level that require for commercial products. While non-damaged JO sample gives -33.928 dB SE Tot value,
the other samples J2.5, J5, J7.5, and J10 are -33.175, -31.956, -26.745, and -20.184 dB, respectively. The
applied impact energy has a direct effect on the damage that occurred on the material. The damage that
grows with increasing impact energy, weakens the electrically conductive network on the material. Since
SE is associated with electrical conductivity, decreasing conductivity reduces the shielding performance
of the material. Decrease rates for ]2.5, J5, J7.5, and J10 were calculated as 2.2, 5.8, 21.1, and 40.5% compared
to the JO, respectively. This proves the hypothesis, that impact damages can reduces the SE performance
of CFRP composites. The SEA values of the samples JO, J2.5, J5, ]7.5, and J10 are calculated as -33.868, -
33.077, -30.857, -25.316, and -18.310 dB, respectively. The results prove that main shielding mechanism of
the produced composite is absorbance. However, the absorbance ability of the material decreases
significantly with the damage caused by the impact. As in the SE Tot, decrease from -33 dB to -18 dB show
an absorption performance loss at ratio of 45%. 5] impact energy is a threshold value for the material, and
greater impact energies may cause to shielding performance losses that can finish the service life of the
material. In addition, the deterioration in the carbon-based conductive network with the impact damage,
transforms the shielding characteristic of the material from absorbance to reflectance. Finally, microscopy
studies have shown that it is difficult to repair the damaged material due to the completely broken, for
gaining shielding capability again. Accordingly, it can be recommended that the materials should be
designed considering the effects of the harsh conditions they may encounter during their duties and that
they should be constantly checked.
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