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DESIGN AND SIMULATION OF A HEAVY-DUTY VEHICLE STEERING
COMPONENT BY ANALYTIC AND FEA METHOD

Mehmet Ziya OKUR %22, Durmus Ali BIRCAN 2~

DITAS Dogan Spare Parts and Manufacturing Inc., R&D Center, Nigde
2University of Cukurova, Faculty of Engineering, Department of Mechanical Engineering, Adana

ABSTRACT

All vehicles need a steering system for safe driving. Drag link is a crucial component of the steering system in heavy commercial
vehicles because it allows us to travel safely by transmitting the rotational movement from the arm of the pitman to the axle of
the wheel linearly. The drag link used in a vehicle should be manufactured from materials that are resistant to variable loads
depending on the vehicle's operating conditions. Furthermore, the rod arms must fulfill the expected function in tight spaces in
the vehicle package data, and be designed in different bends and geometries depending on the regulation conditions they are
subject to. In this study, different tube raw materials such as; St37-2, St 52-3, and P460 N were selected, and bending strengths
calculated under various loading conditions. Finite Element (FE) models created, analyses performed, and the effects of different
loads on the drag link were evaluated. Obtained results from the Finite Element Analysis (FEA) were compared with each other.
Suitable material was selected based on analytic and FEA studies.

Keywords: Design of drag link, Finite element analysis, Buckling strength, Steering system.

1. INTRODUCTION

All vehicles must have the steering system for safe driving, as shown in Figure 1. Drag links, an essential component of the
steering system in heavy commercial vehicles, are generally made up of hollow tubes with both ends connected by ball joints.
They are critical for the vehicle to travel safely by transmitting the rotational movement from the pitman arm linearly to the axle
of the wheel. The drag links used in a vehicle must be manufactured from materials resistant to variable loads coming from the
vehicle, depending on the operating conditions. Furthermore, drag links are required to perform the expected function in narrow
spaces in the vehicle package data and to be designed in different bends and geometries depending on the regulation requirements
[1].

Drag link is produced by making different bends to the tube materials used in order to obtain the geometry suitable for the
design. Usually, buckling failure may occur in these areas of the drag link due to different compressive loads occurring in road
conditions. The buckling and deflection are also important parameters for the rod subjected to compression and tension due to
the force based on the road [2].

Steering
Gear Box

Draglink

TS

{\"'

Track Arm

Figure 1. The schematic diagram for steering system & linkages [3]
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The buckling load calculation of the drag links as a critical part of driving system is crucial. Theoretical calculations take a
long time due to the complex geometry of the rods in the design phase. On the other hand, verification tests performed to designed
parts usually are costly and take a long time. Therefore, the Finite Element Method (FEM) used in determining the stresses and
deformations to which the rods are exposed provides more accurate results in a short time [4]. Ganesh et al. (2014) studied the
ford car steering rod's structural analysis and evaluated its performance [5]. Winklberger et al. (2018) studied on fatigue strength
and weight optimization of the aircraft rods by using FEM. As a result of the study, it was determined that the tooth position had
more effect on fatigue strength than tooth length [6]. Doke et al. (2016) calculated buckling strength for a drag link and analyzed
its tubes against compressive loads. He also investigated the relations of various design parameters with buckling strength, which
is useful for optimizing design parameters [7]. Kim et al. (2011) optimized the rod weight using the Al6082M aluminum alloy
as a rod material [8].

Sener (2016) used road data collected from rods in order to be able to extract road characteristics. In his study, about 50 road
routes and some rough road fatigue characteristics were acquitted with a Light Commercial Vehicle (LCV) equipped with sensors
[9]. Neelakrishnan et al. (2017) analyzed the steering characteristics of an All-Terrain Vehicle (ATV) to improve the
maneuverability of the vehicle by designed steering gearbox upright [10]. Gadher et al. (2017) studied the design and
manufacturing of steering systems to acquire maximum Ackerman angles in the proposed steering system [11]. Aravind Kumar
et al. (2016) designed to different types of drag links. They performed buckling analysis and rig tests to tube in a tube and
typically designed drag links, results obtained from CAE and buckling test rig shows that the buckling load of the drag link can
be improved by reinforcing the buckling zone [12]. Yasar and Bircan (2015) examined optimum design parameters of the car
chassis by taking into account different chassis types, dimensions, and materials to achieve minimum weight and deflection.
They designed and analyzed for various geometries and materials. Also, they optimized the consequences of the analysis by the
Taguchi method with Minitab. When studies are examined, FEM is used in applications such as weight and cost reduction, part
optimization, and life predictions. It provides to take advantage of product development processes and design verification tests,
also reduces cost by saving time and raw material [13, 14].

In this study, different tube materials made of ST37-2, ST52-3, and P460 N were described as calculation of buckling
strength. Also, drag link tubes were analyzed in different compressive loads of 20, 25, and 40kN. The effects of various loading
parameters on buckling strength were evaluated. Each value obtained from FEA results was compared. Analytical calculations
were repeated to determine proper drag link for the design parameters.

2. MATERIAL AND METHOD
2.1. Design and Calculation of the Drag Link

The steering arm's buckling force is the force generated at the pitman arm's end because of turning forces in dynamic
conditions, and equal to the exposed buckling load of the drag link tube. For the design of drag link against buckling loads,
buckling strength must be more than the force generated at pitman arm end. The drag link used in a heavy vehicle can be
illustrated in Figure 2.

Figure 2. Buckling load on drag link tube

Crippling or Buckling Load (FB) can be expressed by using Rankine's formula for the drag link. It gives the ultimate load
that the column can bear before failure. If the column is short (L<20D), the calculated load will be known as a crushing load.
However, if L is longer than 20D (L>20D), the load will be buckling or crippling. The buckling formula is given in equation 1
(in case of long column):

(oxA4)
L2 (XxY) )
6250xk2 " k2 )

FB=

(1+
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Where o refers to the yield strength of the tube material, changes depending on types of material, the radius of gyration (k)
is defined as the distance from the axis of rotation to a point where the body's total mass is supposed to be concentrated, so the
moment of inertia about the axis may remain the same. Simply, gyration is the distribution of the object; k is found as 15.70 mm.
Moment of inertia (1) is the capacity of a cross-section to resist bending [15]. It is calculated as 204.442*10° Kg-mm®. Section
modulus, Y is equal to 25 mm (Do/2) and its area, A is 829.71 mm?. Axis Height (X) is a distance between the centerline of the
bent tube and the axis line drawn between the two end rods (L), as shown with the perpendicular line in Figure 2. L refers to the
distance from center to center. The tube inner and outer diameter are illustrated as D, and D;, and these are 50 mm and 38 mm,
respectively. They are critical for calculating the moment of inertia, its area, and section modulus. Offset of drag link tube, X is
59 mm. The design parameters of the tube structure used in the drag link were shown in Table 1.

The most critical parameter is the mechanical properties of the tube material when calculating buckling strength in the design
of drag links. These tube materials are the most commonly used materials for drag link. Seamless tubes are preferred in
automotive applications because of their durability. Buckling strength of tube materials are found by using Rankine's formula
for drag link. St 37-2 seamless tube is one of the commonly used and cheapest tube materials on the market. However, it has
about 30-35% lower mechanical strength than St 52-3 in terms of strength. The buckling strength of the St 37-2 seamless steel
tube was calculated as 25.3 kN. Similar calculations performed for P460 N and St 52-3 seamless steel tube materials as 38.2 and
49.5 kN, respectively.

Table 1. Design parameters of tube structure used in drag link

Parameters Unit Value
Outer Diameter, Do (mm) 50
Inner Diameter, D; (mm) 38
Distance From Center to Center, L (mm) 1059
Axis Height, X (mm) 59
The radius of Gyration, K (mm) 15.70
Moment of Inertia, | (Kg-mm?#) 204.442 * 10°
Section Modulus, Y (mm) 25
Area, A (mm?) 829.71

25.3 For St 37-2

Calculated Buckling Strength (kN) 38.2 For St 52-3

49.5 For P 460 N

Tube materials of the drag links exhibit different properties and mechanical performance depending on the amounts of their
chemical composition. In particular, elements such as C and Mn in the structure of steels directly affect the strength of the
structure. Chemical compositions of tube materials used in the study are given in Table 2.

Table 2. Chemical compositions for tube materials

Content (%0) St37-2 St52-3 P460 N
C 0.17 0.22 0.20
Si 0.35 0.55 0.60
Mn 1.40 1.60 1.70
P 0.05 0.05 0.03
S 0.05 0.05 0.042

Seamless tube material of St 52-3 does not meet the target strength values in the drag link design, P460 N tube material may
be preferred. This material has 1.3 times higher strength than St 52-3 tube material. However, it affects product costs significantly
since it is much more expensive than St 37-2 and St 52-3 tube materials. The mechanical properties of tube materials are tabulated
in Table 3.
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Table 3. Mechanical Properties of Tube Materials

Mechanical Properties St 37-2 St 52-3 P460 N
Tensile Strength (MPa) 460 570 680
Elongation at Fracture (%) 25 21 19
Yield Strength (MPa) 235 355 460

3. ANALYSIS OF BUCKLING STRENGTH FOR DRAG LINK

When the solid model is to be analyzed by using the FEM, the model is simplified by removing the assembly parts, which
can not affect the result of the analysis. In this way, the solution time of the mathematical model is decreased. In the analysis,
drag links with three different tube materials as St 37-2, St 52-3, and P460 N were compared. Proper meshing operation on
geometry is an essential parameter for reducing errors in numerical calculations. For the geometries that evaluated in this study,
tetrahedral elements performed better results and reduced mathematical error. The drag link's structural meshing can be seen in
figure 3. After the properties were assigned and mesh operation was performed, the boundary condition of the drag link was
applied as fixing from one of the housings and 40, 25, 20 kN compressive load from the other.

Figure 3. The structural meshing of the drag link

On the other hand, mesh dependency is very critical in FEA. Therefore, the simulations are repeated for different mesh
densities for St52. The properties of the mesh and the resulting maximum stresses are calculated by changing the mesh sizes
iteratively. Convergence and mesh independence for FEA is given in Table 4. The element quality and deviation values decrease
as the mesh size decreases. Furthermore, element quality is increased by decreasing the mesh size and at the maximum for 4 mm
mesh size. Decreasing the mesh size to less than 4 mm increases the number of elements and changes the observed maximum
stress negligibly. The change in the maximum stress according to the number of elements is plotted based on the values in table
4. Mesh independence is shown in Figure 4 with the graph of maximum stress — number of element in mesh. Adding elements
increases the solving time. At some point, more items with without improvement in the solution increase the solution time. The
improvement made after this point is an inefficient implementation of FEA.

Table 4. Convergence & Mesh Independence for FEA

Mesh Size  Max. Stress Number of Number of Element Quality gg?/?gggﬂ
(mm) (MPA) Nodes Elements (Average) (%)
20 329.03 40291 24055 0,71326 0,20608
15 346,95 43750 25774 0,72106 0,19294
10 356,4 53484 30629 0,75161 0,17832
5 368,89 149109 88759 0,79044 0,13503
4 370,76 223574 134477 0,83192 0,12179
3 373,74 445132 278533 0,80673 0,11471
2 377,79 1341250 887613 0,8261 0,1024
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Figure 4. The maximum stress-number of element in mesh

4. RESULTS AND DISCUSSION

The drag link, a steering part of a heavy commercial vehicle, was designed using 3D parametric software Creo 3.0, and the
analyses were conducted using ANSYSS via the FEA method. The development and application of the FEA considerably reduce
the time and effort required for the steering components design process [16]. Designed drag link geometry was evaluated by
defined raw materials of the tube with different loads. The maximum buckling load that the tube material can withstand is found
by calculating the buckling strength. The maximum buckling load refers to the load value that the drag link can withstand without
plastic deformation. As a result, the stress at the bending point of the tube for 40 kN load is close to the yield point of the St 52-
3. Therefore, proposed drag link should be made by P 460 N has higher buckling strength for compressive loading 40 kN and
more. Because, loading 40 kN or more is risky for St 52 tube material, and loadings over than 38.2 KN exceed to elastic limit of
the St 52-3 tube material. On the other hand, St 37-2 tube material is unsafe for over 25 kN loading. Design calculations and
FEA provide an advantage in material selection and product costs. The drag link should be designed with the optimum material
by considering the loads which are exposed to.

For loading 40 kN, VVon-Mises stress distributions of St 37-2, St 52-3, and P460 N tubes were illustrated in Figures
4,5, 6 and 7, respectively. Stress concentration on tube has occurred at tube bending areas as expected. 377.4 MPa
was calculated as highest Von-Mises stress on the geometry, and 1.218 was found as a minimum safety factor for
P460 N. Also, 360.81 MPa was calculated as highest Von-Mises stress on the geometry, and 0,983 was found as a
minimum safety factor for St 52-3. The stress at the bending point of the St 52 tube under 40 kN load is over its yield
point. Therefore, this load is critical for St 52 tube material. Also, the St 37-2 material is completely deformed at this
loading, which is 55% higher than the bending strength calculated, and St 37-2 is not recommended for a drag link
with such geometry. VVon-Mises stress occurred on St 37-2 is 359.52 MPa, and safety factor is 0.653. Both tube
materials have similar stress values for the same loading conditions. This shows that this drag link should be made
by P 460 N, has higher buckling strength for 40 kN compressive loading.
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Figure 4. Stress Distribution of the P460 N Tube for 40 kN (Von-Mises)

Figure 5. Stress Distribution of the St 52-3 Tube for 40 kN (Von-Mises)

Figure 6. Stress Distribution of the St 52-3 Tube for 40 kN (Von-Mises) (mesh size 4 mm)

Figure 7. Stress Distribution of the St 37-2 Tube for 40 kN (Von-Mises)
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The highest stress for 40 kN load were seen as 771.99 MPa when the stress distribution obtained from the analysis examined.
However, sudden stress increases were observed in some mesh elements. This is called the singularity. In the analysis, the critical
stresses are occurred on the tube bended region, these stresses due to singularity are ignored.

In addition, the mesh independence was studied and the analysis was repeated for the st52-3 tube material. Stress distribution
of the St 52-3 Tube for 40 KN was shown in Figure 6. With the improvement of the mesh size and properties, singularities were
eliminated, and the maximum stress was observed again in the tube bended region. In the repeated analysis, very little change
was observed in the maximum stress value of the tube material and this difference of approximately 2.8% was neglected as it
would not significantly change the overall results.

For loading 25 kN, analyses of St 37-2, St 52-3, and P460 N tubes were performed and von-Mises stress distributions were
investigated. The stress concentration for 25 kN is approximately 35% lower than 40 kN, and 2.067 was found as a minimum
safety factor for P460 N. Also, similar Von-Mises stress on the geometry and 1.532 was found as a minimum safety factor for
St 52-3. This stress at the bending point is not critical, and also both of these tube materials are safe for 25 kN compressive
loading. Stress concentration on St 37 was calculated as 232.12 MPA. It is close to its yield strength, and the minimum safety
factor for St 37 was calculated as 1.012. Therefore, 25 kN loading is safe for all raw material, but St 37-2 tube material is unsafe
if 25 kN loading is exceeded for proposed design.

As a result of the analyses carried out for 20 kN tubing materials, von- Mises stress on the part decreased depending on the
loading. For loading 20 kN, Von-Mises stress distributions of drag links produced with P460 N, St 52-3, and St 37-2 tube
materials were obtained similar to other loadings. The stress concentration decreased by 50% compared to the initial loading (40
kN) due to the reduction of the load. Minimum safety factors for P460 N, St 52-3, and St 37-2 were found as 2.486, 1.936, and
1.197. Stress occurred at the bending point is not critical, and all of these materials are safe for 20 kN compressive loading. If
one of these three materials is preferred for the 20 kN loading value, safe drag link designs with 1.2 safety coefficient desired
from the steering system parts can be realized. In Figure 8, Von-Mises stress-force and safety factor of the tube materials are
seen comparatively.

45
400 -
,,,,,,,,,,,,, P460 N
\ AN St 52-3 0
350 - t. ™~ -
\ . " — —St37-2 35
_ .
< 300 \ v \\
g . 3 =
2 \ . \\ :
L 250 - A :
@ \ NN -
E 0 N o o
2 \ ~ \\ 20
=
(=]
> 150 S -
100 - P
50 - -
0 0

0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
Safety Factor

Figure 8. Von-Mises Stress-Force and Safety Factor of the tube materials

Analytical calculations are carried out for the drag link and the total stresses in the part are calculated from the normal stress
and bending stresses. Theoretically calculated stress values for geometry of drag link are 183, 229 and 366 MPA for 20, 25 and
40 KN, respectively. Comparison of analytical calculations and FEA results was given in Table 5. When these calculations are
examined, the calculated and analysis results match each other. Generally, error rates are mostly in the range of 0,21-3,75%, and
FEA results with an error of less than 5% are acceptable.



Eurasian J. Sci. Eng. Tech. 2021; 2(1): 001-009

DESIGN AND SIMULATION OF A HEAVY-DUTY VEHICLE STEERING COMPONENT BY ANALYTIC AND FEA
METHOD

Table 5. Comparison of Analytical Calculations and FEA Results

Tube Loading Calculated Theoretical FEA results Error
Material (KN) Stress (MPA) (MPA) (%)
St 37-2 40 366,16 359,52 1,81
St 52-3 40 366,16 370,76 1,25
P460 N 40 366,16 377,4 3,06
St 37-2 25 228,85 232,12 1,42
St 52-3 25 228,85 223,69 2,25
P460 N 25 228,85 220,26 3,75
St 37-2 20 183,08 179,80 1,79
St 52-3 20 183,08 177,22 3,20
P460 N 20 183,08 183,47 0,21

5. CONCLUSION

In this study, the buckling strength of proposed drag link in a heavy vehicle for different tube materials of P460 N, St 52-3,
and St 37-2 was calculated analytically. The effects of various bending parameters on buckling strength were evaluated. It was
suggested that the drag link should be made by P 460 N, with higher buckling strength, compressive loading 40 kN, and more.

20, 25, and 40 kN compressive loads were applied to the drag link model in FEA. The stress at the bending point of the tube
for 40 kN load is close to the yield point of the St 52. Therefore, designed drag link should be made by P 460 N, which has
higher buckling strength for compressive loading 40 kN and more. Because, loading 40 kKN or more is risky for St 52 material,
and loadings over than 38.2 kN exceed to elastic limits of the tube material. All suggested materials are safe for 20 and 25 kN
loading, but St 37 material should not be selected for loadings over 25 kN. If one of these materials is preferred for the 20 kN
loading based on light duty vehicles, safe drag link designs with 1.2 safety factor desired. Consequently, the material should be
selected taking into account the criteria of reliability and affordability for a drag link (or another steering component) with
optimum performance in a heavy-duty vehicle.
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ABSTRACT

Cu(In,Ga)Te, (CIGT) thin films were grown using a two-stage method. In the first stage, (Cu, In, Ga) precursor layers were
grown on Mo coated flexible stainless steel substrates using the electro-deposition method. NaF and Te layers were grown on
metallic precursor layers using electron beam evaporation method. In the second stage, the foil/Mo/(Cu, In, Ga)/NaF/Te stacks
were reacted at 600°C for 5 minutes by rapid thermal processing. The temperature ramping rates in this procedure were 0.5°C/sec,
1°C/sec, 5°C/sec and 10°C/sec. In order to investigate the effect of temperature ramping rate on the structural properties of CIGT
thin films, XRD, Raman, SEM and EDS measurements were performed. Regardless of the ramping rates, it was determined that
all samples crystallized in chalcopyrite structure. According to the Raman spectra, as the ramping rate increased, position of the
A; mode completely changed and shifted from 127 cm™ to 135 cm™ due to bond-stretching forces between the nearest-neighbor
atoms. It was concluded that CIGT thin film reacted with a ramping rate of 5°C/sec had superior properties compared to other
samples.

Keywords: Cu(In,Ga)Te,, Heating ramping rate, Two-stage process, Electro-deposition

1. INTRODUCTION

Ternary and quaternary absorber layers such as Cu(In)(S,Se,Te), [1-4], Cu(Ga)(S,Se,Te), [5-7] and Cu(In,Ga)(S,Se,Te) [8-
11] which are consisting of elements of the I-111-VI, group have an important potential in photovoltaic (PV) applications. In
addition, the small area Cu(In,Ga)(S,Se). (CIGSSe) cells were reported to have a photo-conversion efficiencies of over 22% [12,
13]. These compounds that crystallize in chalcopyrite structure have high optical absorption coefficient (>10* cm™) and direct
transition band structure. In addition to these features, the band gap of this absorber material is adjusted by altering the
compositions of the constituent elements. For example, the band gap of CIGSSe varies between 1.00 eV to 1.72 eV depending
on the amount of Ga and/or S in the compound [14]. Similarly, the band gap of the Cu(In,Ga)Te, (CIGT) compound varies in
the range of 0.96 eV (CulnTe,) -1.35 eV (CuGaTey) [15].

There have been many studies focusing on changing the amount of Ga in place of In in the CIGSSe thin films. In one of these
studies, Cu(In,Ga)Se; (CIGS) thin films were produced using a two-step method with the goal of varying the atomic ratios of
[(Ga)]/[(Ga)+(In)]. In the grown samples, it was seen that Ga was inhomogeneously distributed through thickness of the film,
accumulated near to Mo-back contact and had Se-rich of the film surface. This distribution of the Ga causes the formation of
compositional non-uniformity resulting SLG/Mo/CGS/CIS type structure which reduces solar cell efficiency. However, it was
found that the diffusion of Ga towards the surface of the film became easier with the increase of the annealing temperature
(=575°C) [16]. To investigate the effect of Cu content on the structural properties such as phase evaluation and crystallinity of
the CIGS thin films, Witte et al. produced CIGS thin films with various amount of Cu by an in-line co-evaporation process.
According to the Raman spectra of the samples, it was observed that A; modes shifted to low values with increasing Cu content.
Furthermore, the full width at half maximum (FWHM) values of the A; mode decreases with increasing Cu content, due to the
better crystallinity and reduced disorder in the films [17]. Rudmann et al. prepared CIGS layers using DC sputtering on Mo
coated soda-lime glass substrates (SLG) to investigate the impact of Na diffusion on the properties of CIGS. According to
scanning electron microscope (SEM) images, they observed a reduction in grain size of the films in the presence of Na during
growth [18]. However, the studies on telluride quaternary compounds are quite limited. Gremenok et al. produced the
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CuGaxlniTe; thin films by changing the amount of Ga. As a result of the X-ray diffraction (XRD) analysis, it was seen that thin
films crystallized in chalcopyrite structure, with a preferential orientation along (112). They revealed that the lattice parameters
and band gaps of the samples changed linearly with the amount of Ga [19]. Sanad et al. produced CIGT thin films with micron
and sub-micron thicknesses using a simple co-precipitation method to get high-performance photogene materials in PEC solar
cell devices. They observed that crystallographic and morphological properties can be easily controlled by changing the In®*/Ga®*
molar ratio [20]. Gaburicci et al. reported on polycrystalline bulk Culn;.xGaxTe samples with the different atomic ratios of ‘x’
(x= 0 - 1) by using rapid cooling technique. XRD measurements have shown that all samples crystallized in chalcopyrite
structure, however In,Tes secondary phase formed. They reported that the rapid cooling technique is very suitable for indium-
rich compounds, but not for gallium-rich compounds [21]. In another study, Rincon et al. examined the relationship between
Urbach energy and temperature for CulnTe, compound. The vibration modes of chalcopyrite structures of different compounds
such as CuGasTes, CulnsTes, CulnsTeg were also examined by the same research group [22-26].

In this study, CIGT thin films were grown using a two-step method. In the first stage, (Cu, In, Ga) metallic precursors were
grown by electro-deposition method followed by Te and NaF layers were evaporated over the metallic precursors using electron
beam system. In the second stage, the resultant layered-structures were reacted with different ramping rates at the targeted
temperature by rapid thermal processing (RTP). The effect of different ramping rates on the structural properties of CIGT samples
are examined in detail.

2. MATERIAL AND METHOD

CIGT samples were produced using a two-stage method. In the first stage of the method, Cu-In-Ga metallic layers were
deposited on the Mo coated 304 stainless steel foil by using an electro-deposition system. Detailed information about the electro-
deposition of Cu, In, Ga layers are found in previous studies [15, 27]. The thickness of the Cu, In and Ga films grown by electro-
deposition method were determined individually by counting the loads passed on the stainless-steel substrate [23]. The thickness
of stainless steel foil and Mo back contact layer is 50 um and 1.5 pm, respectively. Theoretical and experimental studies on
CIG(S,Se) thin films produced with different atomic ratios show that the best solar cell efficiency value is obtained from Cu-
poor and low Ga-doped absorption layers [13]. Therefore, the stoichiometric ratio determined for metallic layers is about 0.3 for
[Ga)/([Ga]+[In]) and 0.7-0.9 for [Cu]/[In]+[Ga]). The nominal thickness of Cu-In-Ga layers corresponding to these ratios were
determined as 160, 270 and 90nm, respectively. NaF (3N) [25] and Te (5N) layers were evaporated over the Cu-In-Ga layers
using with electron beam system. In the second stage, (Cu, In, Ga)/NaF/Te stacks were thermally annealed in an RTP furnace.
The ramping rates of 0.5, 1, 5 and 10 °C/sec were employed for annealing process. Annealing process was carried out in Ar
atmosphere, at the target temperature of 600°C for 5 minutes. Heat treatment of the samples was performed in RTP furnace.

XRD measurements of the samples were performed in the range of 26 = 20°-70° using the Rigaku SmartLab unit (A = 1,5405
A) with CuKa source at room temperature. Raman spectra were obtained with the Renishaw-INVI Reflex Confocal Raman
System using a 532 nm laser excitation source at room temperature. SEM images were taken with JEOL JSM 6610 scanning
electron microscope. The compositions of the growth films were determined using Oxford Instruments Inca X-act EDS Analysis
Unit.

3. RESULTS AND DISCUSSION

3.1. X-Ray Diffraction (XRD) Spectra

XRD spectra of CIGT thin films reacted with different ramping rates are shown in Figure 1. In addition, 20 diffraction angles
and d-spacing values of the main peak are given in Table 1. When the figure and table were examined, it was seen that all samples
crystallized in chalcopyrite structure irrespective of the ramping rates. All characteristic peaks of the chalcopyrite structure (112),
(220/024) and (312/116) were observed in diffraction patterns of all samples (JCPDS Card No: 00-049-1326) [28]. Besides, it
was determined that peaks appeared at 20 = 40.5° and 58.5° are associated with the Mo back contact (JCPDS Card No: 00-042-
1120). As can be seen in Table 1, the ‘d’ values corresponding to the peak positions (112) are in the range of 3.53-3.55 A for all
samples. The lattice parameter ‘a’ corresponding to these d-values were also calculated using Equation 1 [29],
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a:[%) 4(h*+Kk*)+ 1 (1)

where (h, k, 1) are Miller indices. For tetragonal structures, these indices are h =1, k=1 and | = 2. In addition, the crystallite sizes
of the samples were calculated with the Scherer formula in Equation 2 [30, 31].

0.90
(hk1) = m )
where A is the X-ray wavelength, B is the FWHM of (112) peak and 0 is the diffraction angle. The calculated values by using
Equation 2 were given in Table 1. It was observed that the samples reacted with 0.5, 1 and 10 °C/sec had high FWHM values,
indicates the samples may consist of compounds with different Ga-gradients throughout the thin film. In a recent study, the Ga
distribution of CIGT films produced using a two-stage method was examined by angle dependent-XRD analysis. It was
confirmed that the films represent a series of Ga compositions throughout the layer, resulting in higher Ga content near the back
contact [25, 32].

According to the XRD spectra of our samples, it was observed that the (112) peak intensity increased with the increase
ramping rate, reached maximum value for the sample reacted with 5°C/sec, then decreased again with the increment of the
ramping rate. In addition to this, sample reacted with 5°C/sec has the lowest FWHM value (0.18°) and a sharper peak. Within
this context, the best crystallization was shown in the sample reacted with ramping rate of 5 °C/sec.

It was concluded that no secondary phases were observed in all samples regardless of the ramping rate. The formation of a
single phase structure indicates that the dwell time used in the process is sufficient [25]. On the other hand, in the last column of
the Table 1, the ratio of the Mo to CIGT main peak intensities (Imo/lcicT) is given. Although Mo peak intensity is the lowest for
10 °C/sec, the ratio of Imo/lcieT is the highest value. For the samples reacted with 0.5, 1 and 5°C/sec, the ratio of Iuo/lcieT varied
in the range of 0.38-0.40.

& *CIGT +Mo

#220/024)
*(312/116)

JL A M i 5 °Clsec. L

J +* 1 °Clsec. +
. Mo A A

Intensity (a.u.)

* 0.5 °Ci/sec.

5 +
i . A A
L T L I J T L) I L 1 e I L I
20 25 30 35 40 45 50 55 60
20 (deg.)

Figure 1 XRD spectra of CIGT thin films reacted with different ramping rates

Table 1 Some structural parameters calculated based on (112) main peak in the XRD spectra

Ramping rate (°C/sec) 20 (°) d(A) a(A) Brwrm (°)  Crystal size (nm) Imo/l112)
0.5 25.05 3.55 6.15 0.24 34.04 0.38
1 25.07 3.54 6.14 0.23 35.87 0.40
5 25.11 3.54 6.13 0.18 43.16 0.39
10 25.20 3.53 6.12 0.22 36.39 0.46
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3.2. Raman Spectra

Raman spectra of CIGT films reacted with the ramping rates are given in Figure 2. The Raman shifts and corresponding of
the Raman modes of our samples and their related reference values are given in Table 2. As can be seen in Figure 2, Raman
peaks were observed at 106, 117, 128 and 170 cm™ for the lowest ramping rate (0.5 °C/sec). These peaks are attributed to B,?,
B2, A; and E® or B, vibrational modes, respectively [25]. The dominant A; mode located at 128 cm™ depends on the planar
motion of the cation and anion (tellurium) atoms. Also, large-shaped phonon frequencies around 200 cm™ may be attributed to
the combination of E and B, modes [26]. These peaks seen in the Raman spectra are consistent with the reported values in
previous studies [23-26].

In Raman spectra, it was seen that there were small shifts in the peak positions with the ramping rate in the range of 0.5-
5°C/sec. However, the Raman spectrum of 10°C/sec was completely changed. This change can be clearly seen in the inset of
Figure 2, which demonstrates the expanded form of A; modes in the spectra. Besides, when the ramping rate is increased from
0.5 to 1°C/sec, there is a slight shift in the main peak and a new shoulder appeared next to the main peak. The resulting phase
separation indicates different Ga compositions through the film, as stated in the XRD section. It shows that this phase has changed
completely from CIGT to CGT with shifting of the main peak from 127 cm to 135 cm for the sample reacted with 10°C/sec.
This situation may result from the changing of the surface morphology, the deviation of film stoichiometry (especially Ga
amount) or bond stretching forces between the nearest-neighbor atoms [33, 34].

8x10*

8x10*

4 7x10°
7x10" 127

6x10°

~ 5x10'

6x10° 129

Intensity (a.u.
>
;-

@
X
3

5x10*

4x10°*

T T T T T T T T
120 123 126 129 132 135I 138 141 144
Raman Shift (cm”)

3x10°

Intensity (a.u.)

0.5 °C/sec.
2x10* - \ - 1 = 1 °C/sec.
J 1 5 °C/sec.

116 \ o
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100 110 120 130 140 150 160 170 180 190 200 210 220 230
Raman Shift (cm™)
Figure 2 Raman spectra of CIGT thin films reacted with different ramping rates

Table 2 . The peak positions observed and the reference values for the Raman modes

0.5°C/sec. 1°C/sec. 5°C/sec. 10°C/sec. CIT (Ref.) CGT (Ref)
106 104 104 104 106 [B2] -
117 114 116 117 1162 [B?] 117°,122°[A;]
128 127 129 - 1252 [A,] -
- - 135 135 - 136°, 138°[Aq]
- 168 168 - 1622 [Ef] -
170 - - 177 1707[E?], [B3] 173, 185°[B,-E]
200 202 202 202 1923[E?] 205° [B; - E]

Ref.a [35, 36], Ref.b [37], Ref.c [38]
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3.3. Scanning Electron Microscope (SEM) Images

SEM images of CIGT samples reacted at different ramping rates are shown in Figure 3. It is clearly seen that the ramping
rate has a significant effect on the surface morphology of the samples. When the surface image of the sample reacted at 0.5°C/sec
was examined, the film surface was seen to have a porous structure. The grain formation started with the increase of the ramping
rate and small-grained structure was formed instead of porous structure. In the sample reacting at 5°C/sec, it was formed in large
grains with a size of 1-3 um as well as small grains [39]. When the ramping rate increased to 10°C/sec, it was determined that
the surface morphology completely changed, turning into a fused structure [40, 41].

0.5 °C/sec

. 'a

i s
Signal A= SE1 EHT=2000K o= 3000KX 1 pm
@ W0 = 8.5 mm | Piobe= 50pA

Signal A = SE1 EHT=2000K g 300Ky | ™
@ WD = 8.0 mm | Probe= 50 ph

10 °C/sec

g LA Y
Figure 3 SEM images of CIGT samples reacted at different ramping rates

@ SgalAzSE!  EHT=2000kV
o Wi =100 mm |Probe=  50pA

3.4. Energy Dispersive X-Ray Spectroscopy (EDS) Results

The atomic compositions and the ratios of metallic atoms of CIGT samples reacted at different ramping rates are shown in
Table 3. The targeted metallic ratios in the samples are about 0.3 for [Ga]/([Ga]+[In]) and in the range of 0.7-0.9 for
[Cul/([In]+[Ga]). When the table examined, the samples were found to be consistent with the targeted metallic ratios, except for
the sample reacting at 0.5°C/sec. In addition, all of the samples regardless of ramping rates were seen to be Te-poor.

14



Eurasian J. Sci. Eng. Tech. 2021; 2(1): 010-017

INVESTIGATION OF THE EFFECT OF HEATING RAMP RATE ON CU(IN, GA)TE, THIN FILMS

Table 3 Atomic compositions and some metallic ratios of the CIGT samples

Elements 0.5 °C/sec 1 °C/sec 5°C/sec 10 °C/sec

Atomic Compositions

Cu (%) 17.65 29.91 24.44 22.99
In (%) 27.59 22,51 22.02 20.95
Ga (%) 8.96 13.88 11.10 11.61
Te (%) 45.81 33.69 42.66 44.45

Ratios of Metallic Atoms

(Cu)

—_—— 0.48 0.82 0.74 0.71
(In) + (Ga)

(Ga)
—_— 0.25 0.38 0.34 0.36
(In) + (Ga)

4. CONCLUSION

In this study, the effect of reaching the target annealing temperature at different ramping rates on the properties of CIGT thin
films was investigated. CIGT thin films were produced by heat treating of foil/Mo/(Cu, In, Ga)/NaF/Te layered structure. In this
layered structure, (Cu, In, Ga) precursors were grown by electro-deposition method and then NaF and Te layers were evaporated
by electron beam. The annealing process of the samples was carried out with RTP furnace at the target temperature of 600°C for
5 minutes dwell time. To examine the effect of the ramping rate, the target annealing temperature was reached at the ramping
rates 0of 0.5, 1, 5 and 10°C/sec.

XRD results showed that regardless of the ramping rate, all samples crystallized in the chalcopyrite CIGT structure and no
secondary phases were formed. Considering the structural parameters such as FWHM and crystallite size of the samples, it was
seen that crystal quality improved up to 5°C/sec ramping rate, but started to deteriorate at 10°C/sec. The Raman spectra
demonstrated that the CIGT phase was formed at the ramping rates from 0.5 to 5°C/sec, but it was transformed into the CGT
phase at 10°C/sec. SEM images showed that the porous structure turned into a large-small grain structure as a result of the
increasing of ramping rate from 0.5 to 5°C/sec. However, it was observed that the surface morphology changed and fused
structure was formed in the sample reacting at 10°C/sec. The EDS results revealed that the targeted ratios of metallic atoms were
achieved, except for the 0.5°C/sec sample, however all samples were Te-poor.

When the characterization results of the samples are evaluated, it can be said that the CIGT absorber layer reacting at 5°C/sec
is more suitable for photovoltaic applications.
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ABSTRACT

Extreme loading and severe environmental exposures can cause deterioration of ferroconcrete (RC) columns, this research
investigates the performance of external confinement on reinforced concrete short columns subjected to axial loading. Defects,
failure and general distress in the structures can be the result of structural deficiency caused by erroneous design, poor
workmanship or overloading of the structure. The effectiveness of confinement is achieved by comparing the behavior of
retrofitted samples with that of controlled samples. Confining materials are used Ferrocement with wire mesh and polypropylene
fiber rope in synthetic rubber adhesive like STAR bond which are easily available. Rectangular short columns having dimension
of 150 mm x 150 mm x 900 mm has been cast and tested. The ultimate load carrying capacity for partial confinement (300 mm
bottom and top of the column), single layer confinement, double layer confinement with Ferrocement and polypropylene fiber
rope confinement are showed to improvement of 31.97%, 56.23%, 59.35% and 30.61% respectively over the control samples.
The research results showed that, the confined samples can enhance the ultimate column capacity under concentric loading and
improve failure characteristics.

Keywords: Retrofitting, Ferrocement, Confinement, Synthetic adhesive, Polypropylene fiber etc.

1. INTRODUCTION

The retrofit of existing members through external confinement may be a precondition during a seismic redesign strategy
aiming at a highly energy-dissipative Ferrocement structure of high ductility. Such a structure could overcome potential
overloads by accomplishing full utilization of used materials, sections and member’s performance, thus achieving maximum
safety for the users. When a concrete column is under axial compression, the interior lateral deformation occurs, leading to
cracks. At now the external constraints is employed to supply radial reaction force to concrete, and to confine lateral deformation
of concrete tightly. Thus the event of internal micro-cracks is often limited, in order that the development of ductility and
compressive strength are often achieved. Consistent with this phenomenon, in engineering projects, the concrete using external
lateral restraint to enhance its compressive strength and deformation ability is named confined concrete.

Strengthening the Ferrocement columns may become necessary for variety of reasons, like substandard detailing of the steel
reinforcement and deterioration of the concrete under severe environmental conditions [1]. Recent evaluation of the engineering
infrastructure has demonstrated that the majority of it'll need major repairs within the near future. Other needs for strengthening
arise because either the planning codes have changed that make these structures substandard or larger loads are permitted on the
components of the infrastructure where extensive retrofitting is required [2]. Polypropylene is an ultra-high deformability
material, widely utilized in the shape of fibers to supply fiber-reinforced concrete with upgraded behavior against plastic
shrinkage cracking or spalling of high strength concrete at elevated temperatures [3].

Ferrocement may be a highly versatile sort of ferrocement made from wire mesh, sand, water and cement, which possesses
unique qualities of strength and serviceability. It is often constructed with a minimum of skilled labor and utilizes readily
available materials. Retrofitting with ferrocement confinement is that the oldest and price effective technique wont to strengthen
the concrete structures [4]. Polypropylene fiber ropes made from twisted strands polypropylene fibers provides high lastingness
and may be used as an efficient material for strengthening the column and supply higher load carrying capacity. The closely
spaced & uniformly distributed reinforcement and use of rich cement mortar provides ductility also as strength, thus improving
the load capacity of the retrofitted members. ferrocement also possess some unique properties like waterproofing, fire resistant,
low self-weight and sturdy, which makes it a perfect material for wider application. Thus, this research aims to research the
general performance of ferrocement and polypropylene fiber rope confinement on normal strength concrete (NSC) reinforced
rectangular columns to make sure maximum safety [5, 6].
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The load carrying ability and ductility of circular concrete columns confined by ferrocement including steel bars (FS) where
they're proposed to extend the compressive strength alongside the ductility. The comparative analyses of those models show that
the compressive strength of FS columns is improved by 30% than that of BS columns. Thanks to ferrocement caging alongside
steel bars samples showed higher ductility, compressive strength and energy absorbing capacity than BS or FRP strengthened
circular columns [7].

The utilization of low modulus vinylon and polypropylene fiber ropes as external confining reinforcements on standard
concrete cylinders has ultrahigh tensile deformation at failure. The research examined low concrete strength columns in three
levels of rope confinement, subjected to monotonic or cyclic loading. The elaboration included that the strain and strain values
both at 3% axial strain and at ultimate strain. Suitable fiber rope confinement improved plain concrete strength by an element
above 6.6 and provided an axial strain ductility above 40. No column wrapped by polypropylene fiber ropes reached fiber fracture
[8].

In this research, the suitability and effectiveness of the ferrocement and polypropylene fiber rope confinement strengthening
system to repair RC columns damaged by erroneous design, poor workmanship, overloading are investigated. The particular
objectives of the present study are as follows:

1 To investigate the performance of normal strength concrete columns confined by partially, single, double layer
ferrocement with wire mesh;

2 Tofind out the effectiveness of polypropylene fiber rope confinement with on normal strength concrete columns;

3 To compare the effects of confinement to evaluate the ultimate development on load capacities due to different
retrofitting techniques.

2. MATERIALS INVESTIGATION

The material properties for binder (Portland cement), fine aggregate (Sylhet sand), and coarse aggregate (stone chips), that
is required to calculate the mixture proportions and to maintain homogeneity in mixture proportions are determined according
to ASTM (C187, C191, C136, C128, C39) standard procedure for binder, aggregate and reinforcement and also summarized in
(Figure 1 and Table 1) are shown below;

— —

¢). Reinforcement (steel)

d-). ponpFoperne fiber rope f). wire mesh

Figure 1. Materials used for research
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Table 1. Properties of Materials

Materials Properties Unit Value

Specific gravity 3.15
. Normal consistency % 27

Binder (OPC) Initial setting time minutes 35
Final setting time minutes 338
Specific gravity (SSD) 2.54

Fine aggregate Absorption % 3.35
Unit Weight kg/m® 1628
Fineness modulus 2.56
Specific gravity (SSD) 2.82
Void % 28.90

Coarse aggregate  Absorption % 2.02
Unit Weight Kg/m® 1619
Fineness modulus 4.52

Reinforcement Yield Strength MPa 450
Ultimate Strength MPa 520

3. METHODOLOGY

To prepare the normal strength concrete according to the ACI-318 standard a suitable mix design ratio is used. The expected
compressive strength is 3500 psi after 28 days. Cement: Sand: Coarse Aggregate (1: 1.5: 3), Water: Cement is 0.48, Nominal
maximum size of Coarse aggregate 18 mm.

a). Mixing ‘roedure - b). Slump test
Figure 2. Preparation of concrete and test of workability
Total samples had been cast with a dimension of 150 mm x 150 mm x 900 mm and a reinforcement ratio of 1.3%. Locally

available BSRM 500W bar was used as reinforcing steel (4 nos. 10mm @ bar @ 4 corners & 6mm @ bar @ 100mm c/c as tie
bars).

180mnr

460,
1oUmnt

FeTomme
& #737.5mm
' am

6mm@bar @ 100mmelc  1g0mm :4 il |2

@ @ 1of4nos 10 mm @ bar

-—

Wire Mesh

ement Mortar
6 mm @ bar @ 100 mm c/c

150mm | 2
1 0f 4 nos 10 mm @ bar

a). Control samples b). Ferrocement with single layer

Figure 3. Sectional view of specimens
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The samples are cast into wooden frame as beam. This casting procedure was considered because of the small size of column
cross section. Hand compaction was used to compact the concrete with the use of a 16 mm (diameter) tamping rod. Each time
the slump value was measured (ASTM C143) and it was between 35 mm — 55 mm. Column samples are demolded after 24 hours
of casting.

A rich mortar ratio of cement: sand 1:2 & wi/c ratio 0.4 was selected. 80% sample No0.16 sieve passing sand is used. The
overlapping between the wire mesh layers was 50 mm; the confinement thickness was 15 mm on all sides, making the confined
specimen dimension 180 mm % 180 mm % 900 mm for single layer and the confinement thickness was 25 mm on all sides,
making the confined specimen dimension 200 mm x 200 mm x 900 mm for double layer of ferrocement with wire mesh. Partially
confined where Wire mesh layer is used at top 300 mm and bottom 300 mm height of the specimen, leaving the mid zone
unconfined with wire mesh layer. The ferrocement confined samples are further cured for 7 days.

onfinin with ropes ¢).Confining with Partal ferrocement

Figure 4. Strengthening of different specimens
A locally available synthetic rubber adhesive is used to attach the ropes with the samples. Ropes were attached to the sample
with manually applied pull force by hand. Ropes are tightly attached to the surface of the specimens. Samples were tested after

7 days and no special curing technique is used. But the sample were kept in a dry place to keep it away from getting wet in the
rain.

4. RESULTS AND DISCUSSION

The ultimate load carrying capacities of both unconfined and confined columns are determined under centric compressive
force. The lateral deformations at mid height of the samples are also recorded with an incremental load of 20 kN.

Table 2. The Ultimate load capacity of samples

SI No. Types of Specimen Ultimate Load (kN) Average load (kN) % Improvement
01 Control sample ggg 294 -

02 Partial confinement, C(FP) ggi 388 31.97

03 Single layer ferrocement, C(FS) jgz 450.5 53.23

04 Double layer ferrocement, C(FD) 3% 468.5 59.35

05 Polypropylene fiber rope, C(PER) ggg 384 30.61
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The load vs mid height deflection diagram for all types of samples has been established through averaging the four dial gauge
readings. The effect of confinement has been evaluated by comparing the results with unconfined samples. The ultimate load
carrying capacity for partial confinement (300 mm bottom and top of the column), single layer confinement, double layer
confinement with ferrocement and polypropylene fiber rope confinement are showed to improvement of 31.97%, 56.23%,
59.35% and 30.61% respectively over the control samples. The deflection behavior has been much improved in the confined
samples.

500
450
400
350 —@— Control
= 300 —8—C(FS)
¥4
S 250 C(FP)
3
= 200 C(FD)
150 —e—C(PFR)
100
50
0 Deflection (mm)
0 0,5 1 1,5 2 2,5

Figure 5. Load vs deflections curve at mid span of different specimens

Initially the deflection in the fully ferrocement confined specimen was less than the unconfined specimen and after the
initiation of cracks in ferrocement layers the deflection data gradually increased in the mid-height zone. Compared to the fully
confined samples, the partially ferrocement confined samples produced more cracks at mid height due to the absence of wire
mesh layer at mid-zone and produced more deflection. The polypropylene fibre rope confined samples showed better results in
overall load vs deflection failure mode and showing slightly less deflection than the unconfined samples. All the cases showed
slow crack initiation and propagation with respect to the same amount of load over the unconfined samples.

ULTIMATE LOAD % IMPROVEMENT

CAPACITY
]
600 C(PFR)
. C(FD) |
100 7 C(FS)
e Vi
200 | [ § C(FP) —
0 lx ‘‘‘‘‘ 7, Control
Control C(Fs)  C(FD)  C(PFR) 0O 10 20 30 40 50 60 70
Figure 6. Ultimate load capacity Figure 7. Percentage of improvement

Due to the confinement effect, the deformations first initiated in the ferrocement layers and the core failure took place. In
case of fully ferrocement confined (single and double layer) concrete columns, the crack was initiated simultaneously from the
base and top of the column. The propagation of cracks was slow due to the presence of thickly populated wire mesh. The crack
growth in the fully ferrocement confined samples has been seen mostly at top and bottom along with the edges, but less at mid-
height.
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a). partially ferroc opylene rope layer

Figure 8. Failure mode of specimens

The partially ferrocement confined samples had more crack concentration at mid-height than the fully confined samples due
to the absence of wire mesh layer at mid-height. But the edges of the partially confined samples have produced less cracks as the
edges had been strengthened with an extra layer of wire mesh.

For the polypropylene rope confinement, the cracks are not visible from outside observation. Cracks initiated in concrete
inside the rope layer. At the ultimate load the end crushing type failure became visible and the load readings began to decrease
corresponding to the ultimate failure. Rope layer was removed after testing to see the crack pattern in the specimen. The ropes
didn’t tear off from the surface of the samples as they possess good tensile property and are connected to the specimen with the
application of a synthetic rubber adhesive & tension forces.

5. CONCLUSION

The Ultimate load capacities and corresponding behavior of the unconfined and confined (partially, fully & polypropylene
fiber rope) columns are determined under the concentric loading condition. External confinement significantly increases the
ultimate load capacity of columns & is an effective technique of strengthening to ensure maximum safety. The fully ferrocement
confinement showed greater improvement than the partial confinement technique, both in load carrying capacity and slow crack
formation, whereas the polypropylene rope confined samples showed slightly less load capacity with a good amount of
improvement in mid-height deflection criteria. The ultimate load carrying capacity for partial confinement (300 mm bottom and
top of the column), single layer confinement, double layer confinement with Ferrocement and polypropylene fiber rope
confinement are showed to improvement of 31.97%, 56.23%, 59.35% and 30.61% respectively over the control samples. The
research results showed that, the confined samples can enhance the ultimate column capacity under concentric loading and
improve failure characteristics.

6. RECOMMENDATION

The observations and subsequent outcomes of this research project are limited in their scope within the range of a few test
variables investigated. It is believed that a wider area in this field is expected and the following recommendations is outlined for
future research;

» The performance of confined columns under eccentric and lateral loading and the axial deformation behavior should be

investigated.

« Influence of different wire mesh, wi/c ratio and support conditions should be investigated.
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ABSTRACT

The existence of insects around the world dates back to 400 million years. People have existed for 300 thousand years. There are
more than one million insect species have been identified on earth. The functional properties of insects are examined depending
on many different disciplines. Forensic Entomology is the most current of these. The experimental part of this study was
conducted between the dates of April 2018 and August 2018 in the Yahyali locality of Kayseri. Within the scope of the study,
Diptera (Arthropoda: Insecta) species, which have a forensic importance, were investigated in terms of their ecological,
biomorphological and ethological characteristics. Forensic entomology is the science in which biological information and data
related to insect-arthropods are used in cases of misdemeanor and civil lawsuits. The main reason for the use of arthropods in
criminal investigations is that they are one of the living species that detect and accept the body as soon as possible, exist in every
stage of decay, and some insect species are particularly specific to certain environments and habitats. In the crime scene
investigations, the ecology, biomorphology and ethology of insects are used to find out when, how and where the death occurred.
Within the scope of the study, in the research conducted; The euthological properties of Diptera individuals in the decomposition
process and within the framework of ecological succession were investigated by letting 5 Rattus rattus (Linnaeus, 1758) samples
per month in the periods are protected. In addition, it is aimed to contribute to forensic entomological researches and analysis of
forensic cases by making biomorphological - ecological evaluations.

Keywords: Diptera, Ethology, Ecology, Fauna, Criminology

1. INTRODUCTION

The science that studies insects is called entomology. The existence of insects around the world dates back to 400 million
years. There are more than one million insect species have been identified on earth [1-8]. In parallel with their large numbers,
ecological diversity is also high for insects.

From the functions specified; Along with the fact that animal carcasses are in the decomposition process, they take part in
the clarification of legal processes [6, 7 ,9]. Forensic entomology is the science that investigates the ways and methods of
arthropod use in unexpected sudden deaths, unexplained traffic accidents, determining the place and time of death. Forensic
entomology refers to a regular decomposition event by predicting the death time by the occurrence of adult individuals who
come to the corpse after the death of the living creatures in the Arthropoda branch and Insecta class [1, 5, 10-16]. In forensic
entomology science, there is a certain succession of insects that come upon the body. Depending on this temporal succession,
the developmental periods of insects are examined and the death time interval (post-mortem interval: PMI) is determined [6, 11,
13, 17, 18] Insects on the body are affected by many variables and perform their colonization accordingly. These variables are
meteorological events, the cause and form of death of the corpse, ecological phenomena. [11, 13, 18].

The main reason for the use of arthropodas in forensic events is that they reach the body in a short time and that they are in
ecological and periodic succession in the decomposition process make them the most reliable evidence [1, 10, 12, 13, 15, 16].

In the 13th century, Sung Tzu discovered insects by chance to search for the killer of a worker whose throat was cut. He
caught the culprit due to the presence of Calliphoridae members in a sickle without blood traces [2, 4, 9, 10, 13, 17-28]. In 1855,
Dr. He made the first modern forensic entomological studies by Bergeret. He used S. carnaria's larva as evidence in a courtroom
[11, 19, 24-26, 29]. In 2001, Goff proved that forensic insects were the best method in PMI [17, 19, 20, 21, 27, 28, 30-32]. In
2014, Cavusoglu detected traces of forensic insects in the decayed human corpses [33].

Ethology is the sub-branch of zoology that studies animal behavior. Ethology encompasses laboratory and field studies
carried out in close cooperation with certain disciplines such as evolution, neuroanatomy and ecology [34]. Ethology has been
concerned with the basic studies such as revealing the behavioral biology of the species whose environmental conditions are
largely shaped by humans, determining the behavioral needs, as well as the development of “biological descriptors” related to
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animal welfare and the examination of the effects of different feeding and feeding conditions on behavior [35]. With the
evaluation of ethological features, the position of forensic entomology gains value in legal processes.

Vertebrate animal bodies provide nutrients for many organisms. Insects come at the beginning of these organisms. These
form a seasonal and continuous “ecological succession”, in which sequential populations colonize and disappear during the
decomposition process of the carcass. The timing and nature of succession depends on the size of the carcass, seasonal and
environmental climatic conditions and non-biological environmental factors such as soil type. The creatures participating in
succession vary depending on whether they are on or in the carcass, just below the carcass or being in the soil near the carcass.
At the same time, even in different geographic areas with a similar climate, each succession will also have different species. This
is due to the fact that only a few species have a very wide distribution, and therefore each biogeographical region has its own
carcass fauna. However, certain taxa that are specialized with carcasses are also determined. [36-40].

The first hierarchy in the decomposition of lechin is the fresh phase (Photo 1.(a).). At this stage, microorganisms and
insects that existed in the body begin to decay the body. The second hierarchy begins as the swelling phase (Photo 1.(b).)
within a few days. After about 2 weeks, the third stage begins as the active decay stage (Photo 1.(c).), where strong decay
odors are formed. At the end of this phase, the carcass becomes almost a dry carcass and only the bones remain in the carcass
in response to the fourth stage, the slow dry decay phase (Photo 1.(d).) [17, 27, 40-46].

Photo 1. (a) Fresh stage, (b) Swelling stage, (c) Decay stage, (d) Drying stage.

Diptera is one of the most populated insect order. They prefer to live in common living spaces with people. They are important
in ensuring ecological balance. They are called biplanes. However, while the first pair of wings was found, the second pair of
wings turned into a structure called barbell. This transformed structure keeps the Diptera in balance [4, 47, 48]. It is the order
that has the best flight ability among insects. There are also wingless types. The layer of the outer kit is not very hard [4]. Adult
dipters have sizes between 7 and 10 mm. They can be of various colors. Depending on the antenna types, undercarriages appear.
The lower part, whose antennas are long, such as the filiform type, is called nematocera. It is called Brachycera, another subset
with its antennae with 3 segments and arista hair at the end [4-7, 17, 28]. The mouth structures are of a licking - absorbent or
introducing - absorbent type. They carry two large honeycomb eyes and 3 ocel eyes. They show Holometabol metamorphosis.
The larvae are rimless leg type. In the case of the pupa, it is stored in a sheltered place, so as not to prey. They are the fastest
species in experimental studies and forensic cases. After death, they reach the body within 1-2 minutes under suitable conditions.
They are present in almost all stages of decomposition, except during the drying phase. The reproductive type is ovipar and
vivapar. In the case of vivipar, the adult does not lay eggs, but live breeding is in question. Some Diptera species are breeding
types when they cannot trust the environment [5-7, 13, 17, 19, 20, 21, 23, 24, 26-28, 47, 48].
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2. MATERIAL AND METHOD

Our research covers April 2018 - August 2018. As experimental animals 25 Rattus rattus (Linnaeus, 1758), was used for this
study. Decomposition length of Rattus rattus was taken into consideration to determine our working process. Accordingly, it
was determined that the decomposition ended in 30 days by evaluating and observing the ecological environment [10-30,33].

Every month, 5 rats were left by on the experimental land. Daily examinations were made and samples were collected (egg,
larval periods, pupa, adult). The skeletons remaining at the end of the month were collected and disposed in appropriate waste
units. The ground was ventilated and ground was prepared for new rats. Since we leave the rats on the ground, a special cage
arrangement has been prepared and installed to protect it from other factors. Digital temperature and humidity meter were used
to measure the ambient temperature. A mercury thermometer was used to measure the temperature of the soil at 10 cm.

Our study was conducted between April and August 2018 in a land where steppe vegetation is observed in Yahyali locality
of Kayseri. It has been used by obtaining the necessary permissions for our land, which is a private property, for easy monitoring
of inactive and daily periods away from the residential area. A sheltered area has been chosen so that the land used will not
disturb the environment and people. The land is located at a height of 1200 m from the sea at 38 ° 6'36 "N, 35 ° 21'10" D
coordinates.

Photo 2. Experiment area

3. RESULTS AND DISCUSSION

3.1. Calliphora vicina (Robineau-Desvoidy, 1830)

(b)

Photo 3. (a) Dorsal view of Calliphora vicina, (b) Egg view belonging to Calliphoridae family
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Table 1. Evaluation of Calliphora vicina (Robineau-Desvoidy, 1830) [4, 28, 47, 49].

Decomposition

Biomorphology

Its eggs are 1-2mm in size and

adults are 5-13mm in size.
Abdomen is metallic blue.

Thorax part is dusty blue.

The surface of the genea (cheek)
part of the head has orange-

yellowish black hair.

The stem - vein vein on the wing

is hairless.

The thorax has an acrostical hair

pattern.

3.2. Calliphora vomitoria (Linnaeus, 1758)

Ecology

SELL "'

Ethology

Migration  takes  place
because the life of the
species is forced in a

temperature above 25 °C.

It has harmonized city life.
Due to their biological
rhythms, day length is a
factor.

It has also a relationship
with myiasis.

Photo 4. (a) Dorsal view of Calliphora vomitoria, (b) Egg view belonging to Calliphoridae family

Table 2. Evaluation of Calliphora vomitoria (Linnaeus, 1758) [4, 28, 47].

Decomposition

Biomorphology

Its eggs are 1-2mm in size and

adults are 5-13mm in size.
Abdomen is metallic blue.

Thorax part is dusty blue.

The genea part of the head part
has orange hairs on the black

surface.

The stem - vein vein on the wing

is hairless.

The thorax has an acrostical hair

pattern

28

Ecology

Ethology

Migration  takes  place
because the life of the
species is forced in a

temperature above 25 °C.

They make intense sound
while flying.

Adapted to rural life.

Due to their biological
rhythms, day length is a
factor.

Life activities are active in
shade and wooded areas.

it has also a relationship
with myiasis.
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3.3. Lucilia sericata (Meigen, 1826)

v
T

(b)
Photo 5. (a) Dorsal view of Lucilia sericata, (b) Egg view belonging to Calliphoridae family

Table 3. Evaluation of Lucilia sericata (Meigen, 1826) [50, 51]

Decomposition Biomorphology Ecology Ethology
Their eggs are 1-2mm in size, Flies are the first to come
and adults are 5-9mm in size. after death.
Abdomen metallic is blue-green. They love fresh carcasses.
They can  experience
Fresh stage The stem - vein vein on the wing | temperate air within 16 - 27 | It is colonized in open and
is hairless. °C. sunny places.

Swelling stage
1. The calypter under the double
Decay stage wings is hairless.

It has also a relationship

It is generally seen in spring with myiasis

and autumn seasons.

The basicosta at the point where
the wing is attached is yellow in
color.

3.4. Lucilia cuprina (Wiedemann, 1830)

|
.

@

Photo 6. (a) Dorsal view of Lucilia cuprina, (b) Egg view belonging to Calliphoridae family
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Table 4. Evaluation of Lucilia cuprina (Wiedemann, 1830) [4, 52-55]

Decomposition

Biomorphology

Their eggs are 1-2mm in size,
and adults are 5-9mm in size.

Abdomen is metallic yellow-
copper.

The stem - vein vein on the wing
is hairless.

1. The calypter under the double
wings is hairless.

The basicosta at the point where
the wing is attached is yellow in
color.

3.5. Sarcophaga haemorrhoidalis (Fallen, 1817)

Ecology

Ethology

Larvae and adults are found
on rotten sugar plants, on top
of carrion.

When they are disturbed,
they run away immediately.

In a relationship with
myazis.

They don't enter the houses
much.

Photo 7. Dorsal-lateral view of Sarcophaga haemorrhoidalis

Table 5. Evaluation of Sarcophaga haemorrhoidalis (Fallen, 1817) [28, 56, 57]

Decomposition

Biomorphology

Adults are 7-14 mm in size.

The checkered pattern in the
abdomen and the yellow - red in
genitalia and the three black
bands in the thorax are distinctive
points.

30

Ecology

Ethology

Adults are fed with liquefied
rotten materials.

Their larvae feed on carrion
and feces.

Adults and larvae are
vectors.

Females give birth to larvae
to human carcasses indoors.

Its larvae cause myalus.
They are the first flies to

arrive in the body after
heavy rain.
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In April, the average temperature value was measured as 12.7 °C, humidity 57.8%, soil temperature 5.5 °C, and the amount

of precipitation was 0.4 kg / m2. During this month; Calliphora vicina, Calliphora vomitoria, Sarcophaga haemorrhoidalis
dominated. The detected species are compatible with the data of Dinar, Topgular, Sabanoglu and Ozdemir [27, 28, 47, 48].
Depending on the temperature data, Calliphoridae larvae shortened the skin change and the process of getting out of the pupa.
In this context, there was no difference with the literature [25, 27, 28, 47, 48].

In May, the average temperature value was measured as 15.6 °C, humidity 67.6%, soil temperature 6.1 °C, and the amount

of precipitation as 1.9 kg / m2. During this month; Calliphora vicina, Calliphora vomitoria, Lucilia sericata, Lucilia cuprina,
Sarcophaga haemorrhoidalis have been identified. The detected species are compatible with the data of Dinar, Topgular,
Sabanoglu and Ozdemir [27, 28, 47, 48]. Unlike the previous month, L. sericata, L. cuprina, was identified. The reason for this
was that due to the high density of soil, as a result of the high amount of precipitation during this month, some insects woke up
early from sleep and hid in a sheltered area, Rattus rattus corpses. Precipitation did not affect the temperature lowering direction.
Even the temperature has increased compared to the previous month. Accordingly, C. vomitoria reduced her dominance. It has
been determined that L. sericata is the dominant species. With the effect of rainwater, the corpse was dissolved and skin change
times were extended because Calliphoridae larvae could not be fed. Again, with the effect of rain water, the process of entering
and exiting the pupa has been prolonged due to the high humidity in the soil. In this context, it contradicts the current literature
studies [41, 55, 58].

Average temperature value was measured as 19.1 °C, humidity 64.7%, soil temperature 7.8 °C, rainfall amount 1.2 kg / m?

in June. During this month; Lucilia sericata, Lucilia cuprina, Sarcophaga haemorrhoidalis detected. It is in line with the data of
Smith, Yuca, Karapazarlioglu, Ozdemir, Sabanoglu, Dinar and Topgcular [26-29, 47, 48, 55]. Insects are looking for sufficient
temperature, humidity and nutrients to breed. L.sericata, L. cuprina dominated. Depending on the temperature of the
calliphoridae larvae, skin change and pupae exit times were shortened. With increasing temperature, C. vicina and C. vomitoria
were not observed. It is also compatible with the current literature [47, 48].

Average temperature value was measured as 22.9 °C, humidity 53.1%, soil temperature 9.9 °C in July, rainfall amount was

0.1 kg / m2. During this month; Lucilia sericata, Lucilia cuprina, Sarcophaga haemorrhoidalis were identified. It does not
contradict the data of Smith, Coban, Yuca, Ozdemir and Sabanoglu [17, 27-29,55]. There are species that overlap with our
previous 3-month study. L. sericata, L. cuprina are dominant species. With increasing temperature, the pupae of the Calliphoridae
species have shortened their exit time [47, 48].

Average temperature value was measured as 21.9 °C, humidity 51.3%, soil temperature 9.5 °C, rainfall in 0.1 kg / m? in
August. During this month; Lucilia sericata, Lucilia cuprina, Sarcophaga haemorrhoidalis were identified. It is in line with the
data of Goff, Coban, Aksoy, Karaazarlioglu Ozdemir and Sabanoglu [16, 17, 23, 25-28, 47, 48]. In our study, species overlapping
with July were determined. L. sericata, L. cuprina have been identified as the dominant species. With increasing temperature,
the pupae of the Calliphoridae species have shortened their exit time [47, 48].

The first species that came to the Rattus rattus corpse were dominant in C. vicina, C. vomitoria, L. sericata, L. cuprina,
depending on the temperature and humidity. It was observed in the fresh, swelling and decay stages of decomposition. These
species are legally important because they perceive the smell of fresh blood immediately. The work done by Sabanoglu in Ankara
coincided with the work done by Ozdemir in Ankara [27, 28]. During the 5-month period in which the experimental phase was
carried out, S. haemorrhoidalis was observed during the fresh, swelling and decay stages. A partial increase in difference was
observed in May compared to other months. Because S. haemorrhoidalis ideally lived in rainy, closed weather. This behavior
made by Sabanoglu and his current scientific papers was similar [28, 59].

4. CONCLUSION

Depending on the successful evolution of insects, the nutrition, ecology and ethology of each differ from each other. While
forensic insects show common characteristics in the field of ecology and nutrition, their ethologies differ depending on ecological
factors and rotting natural material. However, they support the contribution to decomposition processes and the development of
ecological succession here. These situations play an important role in the elucidation of forensic cases. There are a number of
factors that affect forensic entomological examinations. These;

» Geography has different types of insects in different regions.

* Insects have different behaviors.

» While changes in ambient temperature accelerate direct sunlight and high heat succession, sheltered and cold conditions
have been found to delay this period.
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* Variety, burial or partial burial in situations where the body is exposed in this process significantly slows down the
succession process, in this case quite different entomological success. Therefore, in our research, rats have been left in order
to obtain more efficient results. The decomposition stages of the species in our study differed (Table 7.).

In our study, Diptera species were observed in fresh and swelling stages. The density of the Coleoptera species have missed
the larvae of the Diptera species. The Coleoptera species created a distinction in the decomposition time of the corpse, as they
consumed the larvae of the Diptera species.

As a result, it was determined that flies belonging to Calliphoridae and Sarcophagidae families, which are the first wave of
decomposition, arrived in the corpse within hours. It was observed that the second and third wave insects arrived in the later
stages of the decomposition. These observations are similar to the insect succession sequence made by Smith in 1986 [36]. In
2001, Anderson stated that in addition to the insect succession ranking, insects enter into different behavioral states against
ecological factors [60]. In this context; It was also observed that the insects detected within the scope of the study and effective
in the decay process deviated from the existing ethological evaluations depending on ecological factors. Anderson (2001)
evaluates the occurrence of such situations as normal.

Table 7. Decomposition stages of detected species

Detected species

Decomposition stage
detected

Decomposition stage in

the literature

Calliphora vicina
(Robineau-Desvoidy, 1830)
Calliphora vomitoria
(Linnaeus, 1758)
Lucilia sericata
(Meigen, 1826)
Lucilia cuprina
(Wiedemann, 1830)
Sarcophaga haemorrhoidalis
(Fallen, 1817)

Fresh, swelling and decay
stage

Fresh, swelling and decay
stage

Fresh and swelling stage

Fresh and swelling stage

Fresh, swelling and decay
stage

Fresh, swelling and decay
stage

Fresh, swelling and decay
stage

Fresh, swelling and decay
stage

Fresh, swelling and decay
stage

Fresh, swelling and decay
stage

Decomposition length of Rattus rattus was taken into consideration to determine our working process. Accordingly, it was
determined that the decomposition ended in 30 days by evaluating and observing the ecological environment. Velasquez (2007),
in his study on Rattus rattus in Venezuela, found that the decomposition process was completed in an average of 30 days within
ecological factors [61]. Rabbits were used as mammals in the studies of Keskin in 2013 and Basar in 2018. The duration and
process of decay of the rabbit was determined by examining ecological factors [25, 62].

Smith (1986) and Anderson (2001) grouped the species identified in the corpse as necrophage, sarcophage, copraphage,
dermatophage, predator, parasite and incidental species [36, 60]. In our study, members of Calliphoridae, Sarcophagidae families
belonging to the necrophage group were determined. In the studies conducted by Karapazarlioglu on buried pig carcass in 2012
and Sabanoglu - Ozdemir on superficial pig carcass in 2007, the insect species and decay stages of Diptera and Coleoptera were
similar [26, 27, 28]. In our study, the insect species and decay stages detected on Rattus rattus left superficially are in the same
direction.

It was determined that C. vicina, C. vomitoria was active in April and May, and not active in June - July - August. Dinar and
Topgular reported that these species live in temperate climates, especially in spring and autumn [47, 48]. Accordingly, our current
study data differ from the literature information.

Decomposition stages in forensic entomological studies conducted by Gullan, Ament, Karapazarlioglu, Anderson, Goff,
Tiiziin, Sabanoglu, Ozdemir, Greenberg, Campobassa; It occurs in 4 steps [7, 11, 13, 14, 16, 18, 27, 28, 39, 40]. Within the scope
of our study, it was observed that decomposition took place in 4 stages as fresh, swelling, decay and drying stages
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ABSTRACT

Since insects are the main dominant group of the Ecosphere, in terms of volume and number; there are many different scientific
fields in which insects take place and study. "Forensic entomology" is the most current and interdisciplinary of these fields. Our
study aimed to identify individuals belonging to the Muscidae (Insecta: Diptera) family, which has forensic importance within
the scope of Nevsehir province. Muscidae species have forensic importance due to their wide distribution, presence in almost
every environment and being close to humans. In the decay process, female individuals lay their eggs in natural cavities on the
body, open wounds or on bloody clothes. Experiment and application part of the study was carried out in a period of
approximately 6 months between April and October 2017. In this study, New Zealand rabbits which were inactive at Ankara
University Faculty of Medicine Experimental Animals Laboratory were used. The carcasses are buried in a sheltered area
surrounded by wire fences on the land of Nevsehir Hact Bektas Veli University. Burying to the soil at a depth of 30 cm was
made, in pairs, with and without clothes. On the days determined as 10, 20, 30, 60, 90, 120 and 180, samples were collected from
the body. As a result of evaluating the collected samples, 3 species from the Muscidae family, which are involved in the forensic
entomological process, in the process of ecological succession, have been identified. These species are; Musca domestica,
Hydrotaea capensis, Stomoxys calcitrans.

Keywords: Muscidae, Forensic entomology, Ecology, Fauna, Decay, Nevsehir

1. INTRODUCTION

In the case of a suspicious death, the location of the death and the correct determination of PMI (Post Mortem Interval) is
very important for justice to be found. The determination of PMI for a body found in the first 24 hours after death can be said by
measuring the body temperature precisely [1]. However, in cases where rot begins after the first 36 hours or even after the first
24 hours in hot weather, the sensitivity in determining PMI decreases. Even when the weather conditions are suitable, the margin
of error increases in determining PMI. In this case, forensic science makes use of forensic entomology. Forensic entomology can
be defined as its use in forensic events by examining insects in many ways, such as their biology, ecology and behavior in
determining PMI and place of death in forensic research [2]. Forensic entomology can be defined as the evidence for the use of
eggs and larvae of insects or arthropods coming from the corpse in the uncovering of some events from a legal point of view.
Forensic entomology is a science that helps forensic medicine or, when it is insufficient, tries to estimate the death time of the
victim directly or approximately by the adult and larvae of the insect and other arthropods on the body. Forensic entomology,
whose main and most important purpose is to determine the time of death, is also used in uncovering events such as rape, child
abuse, non-poisoning, drug and alcohol related deaths, unsolved deaths, smuggling incidents, traffic and aircraft accidents,
insurance and inheritance problems. [3]. The most common use of forensic entomology is death. In the post-death period, the
information about the death of the victim, the place of killing and whether it is transported can be obtained from the successions
and activities of the arthropods [4]. In forensic entomology, insects must first reach the corpses in order to play a role in the
decomposition process and to assist the forensic sciences. If a corpse is stored in a place that is completely isolated from its
surroundings, or if the corpse is left in an area where the insects cannot survive, the insect may not be found on the body. In
these cases, forensic science may not benefit from Forensic Entomology [5]. Insects, which are directly related to human life,
also perform the most important step in the decay of their bodies. Insects coming to the bodies in the first step of decay are
members of the Diptera ordo that come to the bodies in the first few minutes to start their decomposition period by leaving their
eggs or larvae in suitable and sheltered areas of the bodies. The most common Diptera species in forensic entomology belong to
the Calliphoridae, Sarcophagidae and Muscidae families. In their study in America, they prepared the morphological features
and diagnostic key of the Calliphora vicina (Robineau-Desvoidy) and Phaenicia sericata (Meigen) species belonging to the
periods of eggs, larvae and pupa [6]. Murray Galt Motter et al. systematically studied insects found in more than 150 bodies
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removed from the grave in Washington in the summer of 1896 and 1897. A similar study was carried out in Sweden by the
researcher named Schoyen in 1895. The findings of Schoyen were feasible in grave fauna investigations [7]. Eduard Ritter von
Niezabitowski, who worked as a medical researcher at the Medico-Legal Institute of Krakau University, used cat, rat, fox, blind
rat and calf death in his experiments in May 1899 and September 1900. The priority of Niezabitowski's observations was flies.
In his experiments he proved that the arthropods who came to the human body and animal body share the same fauna and made
great contributions with the experiments he made in the field of forensic entomology [8]. Medical doctor Marcel Leclercq and
Biology Professor Pekka Nuorteva are major researchers interested in forensic entomology from the 1960s to the mid-1980s.
Leclercq and Nuorteva are among the first researchers to use forensic entomology in Europe to determine PMI [9]. In our country,
the years when studies on the use of insects in forensic entomology came to the fore in the 2000s.These studies, which started
primarily with review type researches, mostly continue in the form of graduate thesis studies in provinces such as Ankara,
Eskisehir, Edirne, Samsun, etc. [10-22]: Among the researches within this scope, in his research which is an important and
preliminary nature; Karapazarlioglu determined the insect species on the pig carcass and the succession they form on the carcass
with his study in Samsun. Two white pigs were used in the study and it was observed that the pig carcass decomposed in five
rotting stages: fresh, swelling, active rot, advanced rot and drying. Also in the decay process; It has been determined that
Calliphoridae, Muscidae, Dermestidae, Formicidae, Cleridae, Staphilinidae, Vespidae Piophilidae, Forficulidae species play an
active role. Of similar studies; Erzinglioglu, by describing the characteristics of the third stage larvae of 10 fly species coming
to the meat; Phormia regina, Phormia terranovae and Borellus atriceps have been described. Current criminal entomology
studies in our country are mainly; It is conducted by Sert, A¢ikgdz et al., Karapazarlioglu, Ozdemir, Sabanoglu, Kékdener, Coban
[10, 12, 16, 18-22].

2. MATERIAL AND METHOD
2.1. Land work

The study was carried out on a land with steppe vegetation in Nevsehir Hac1 Bektas Veli University between April and
October 2017. It was used by obtaining the necessary permissions for a land owned by the university. Attention has been paid to
ensure that the land used is far from the faculties to the extent that it does not disturb the environment and people. The land is
located at coordinates of 38 40 ', 45 "N 34 44', 20" E at an altitude of 1,500 meters from the sea. In our study, 14 New Zealand
rabbits were used from the Laboratory of Experimental Animals in the Morphology building of Ankara University Medical
Faculty. Necessary permits and documents were obtained for our land use and experiment work. The carcasses are buried in a
sheltered area surrounded by wire fences, measuring (20x5) m = 100 m?. The experimental area in the study was specially
supplied for the study and required wire mesh etc. the hardware was created in accordance with the study. The embedding process
with and without clothes was performed in a double group. The study was carried out in approximately 6 months between April
and October 2017. The embedded carcasses were each measured in plain white and their weight was 5 kg.

2.2. Laboratory work

The forensic insect fauna, which came to them between April and October 2017, was investigated by embedding rabbits,
rabbits with and without clothing at 5 m intervals. During the fieldwork process, ecological parameters affecting the study such
as daily temperature, humidity, soil temperature of the area where carcasses are buried were recorded. Accordingly, the
relationship between the temperature-humidity-soil temperature of the insects coming to the body was wanted to be revealed.
Insect succession on carcasses was investigated on the days determined in the study procedure. In addition, how much the
clothing factor affects the decay was examined. Physical changes in each decay phase of the bodies were photographed and
recorded. Since the carcasses were buried starting in April, 10, 20, 30, 60, 90, 120, 180 day periods were collected and insect
samples in the soil and corpses were collected.

3. RESULTS AND DISCUSSION

During 180 days, a total of 176 adults, about 60 larvae and 25 pupae samples were collected. Three species belonging to the
Muscidae family of Diptera have been identified. These species are; Musca domestica, Hydrotae capensis, Stomoxys calcitrans.
It was observed that these species came to the corpse from the 30th day of burial. It was observed that the months they arrived
in the body were June, July and August. In Table 1, given together with the decay phases, removal / inspection times of superficial
burials; In Figure 2; daily temperature-humidity-soil temperature graph values of August; has also given.
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Figure 1. Decay stages

Table 1. Decay stages
Decay stage

Review Time
Fresh stage 1-30 day
Swelling stage 30-60 day
Active decay phase 60-120 day
Advanced decay stage 120-180 day
Drying phase 180-....day
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Figure 2. Graph of August temperature -humidity- soil temparature
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3.1 Muscidae

Itis a family of 4,300 species that is common and known all over the world. Muscidae species have forensic importance due
to their wide distribution, being in almost every environment and being close to humans [10].

3.1.1. Musca domestica, (Linnaeus, 1758)

Musca domestica Linnaeus 1758, (Housefly), is cosmopolitan, one of the closest living species of diptera. In general, they
spread around 3 km of the areas where people are settled. It is not much away from this kind of person and therefore from the
dwellings. After garbage, carrion and feces, they cause great trouble because they haunt human food. It is the vector of many
pathogens. Adult and larvae prefer stools and spoiled herbal materials. Adults are also attracted by meat and sweet foods, and
their larvae can develop sufficiently in these materials [11]. Depending on the temperature, the population reaches its maximum
in late Spring and Summer. The rarity of this species on fresh corpse is due to the absence of excrement or intestinal contents
[12]. Since they carry a wide variety of disease microbes in their bodies, they infect everything they travel. Because they leave
feces to places they visit every 5 minutes. Cholera infects diseases such as diarrhea, dysentery, hepatitis, polio, food poisoning,
salmonellosis, tuberculosis [13].

Figure 3. General view of Musca domestica

3.1.2. Hydrotaea capensis (Wiedemann, 1818 )

Figure 4. General view of Hydrotaea capensis

It is a cosmopolitan species with a dark metallic gloss and greenish blue color, about 4 - 5.5 mm in length. The palp and
antenna are black, calyptras are white or yellowish, the frontal triangle extends to the middle of the forehead and the posterior
tibia is slightly curved [14].

3.1.3. Stomoxys calcitrans, (Linnaeus, 1758)
Stomoxys flies are blood-sucking obligates, and some species cause significant economic losses in livestock and other warm-
blooded animals in many parts of the world. There are 18 species identified so far in the Stomoxys lineage (Diptera: Muscidae).

Along with Stomoxys calcitrans, which is a cosmopolitan species, other Stomoxys species easily attack pets. Both females and
males of Stomoxys flies, which generally show an aggressive and persistent diet, suck blood. Although these flies, which are
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also called barn flies, have a wide host variety, rats, guinea pigs, rabbits, monkeys, horses, camels, goats, pelicans and cattle
make up their original mansions. Although these flies lead a very active life, they are especially problematic in farms. In addition,
they are very important due to their potential to be seen in the settlement areas and beaches close to agricultural production.
Severe insertion activities of Stomoxys flies can cause serious problems resulting in milk production and live weight loss. It has
been reported to cause losses of 19% in live weight and 40-60% in milk yield [15].

Figure 5. General view of Stomoxys calcitrans
3.2. Ecological succession of muscidae by dressing factor

Our determinations and evaluations here are given in Table 3.

Table 3. Decay process: In terms of the dressing factor

DRESSED UNDRESSED
10 "DAY Eggs were observed in the ear and anus.  Eggs were observed in the ear.
20 DAY
30t DAY Musca domestica Musca domestica
60 "DAY Musca domestica, Hydrotea capensis Musca domestica
90" DAY Musca domestica, Stomoxys calcitrans Musca domestica, Stomoxys calcitrans
120" DAY Musca domestica Musca domestica
180" DAY iiiiiiiieiiiiieeetieeeeieeeeieeees eeereeeeseecsssecsseeeneeenneeenseerneeennnaees

4. CONCLUSION

Table 4. Classification table

PHYLUM CLASSIS ORDO FAMILY SPECIES
M. domestica,

ARTHROPODA INSECTA DIPTERA MUSCIDAE H. capensis,
S. calcitrans
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Forensic entomolog, tries to estimate the time of death of the victim ("corpse™) near or approximately, from adult and larvae
of insects and other arthropods on the corpse, in cases where it is or is inadequate. is a science. In cases where the moment of
death is not known precisely, it is legally important to estimate the time elapsed after death. The most common use of forensic
entomology is death. In the post-death period, the information about the death of the victim, the place of killing and whether it
is transported can be obtained from the successions and activities of the arthropods [4]. For this purpose, in this study we carried
out in Nevsehir, fauna with forensic importance affecting the decay process of the corpse was identified. Since our bodies were
buried in the ground and the air temperature was low, the decay process was slow compared to the exposed bodies compared to
other studies [16]. The burial of the corpse in the ground will affect the speed of zthe flies reaching the corpse as well as the
decay speed. The decay rate of an exposed body can be 4 times higher than the buried corpse. If the soil where the corpse is
buried is not very moist and buried deep, the decay rate slows down and the time to stay in the soil increases without degradation.

Average temperature values of months

o | O [

apnl may june july august september gctober

B temperaiure molstre s.lemperature

Figure 6. Average temperature values of months

Being buried in the ground negatively affects fly circulation. Buried insects affect the time spent by insects to reach the
corpse, the insect sequence, species, and decay stages [17]. No rot or adult insect was found in the bodies during the investigation
in the initial phase. The reason for this is that since the beginning of April, the weather is not hot enough, the precipitation is
high and the carcasses are buried as frost. During the experiment period, temperature, humidity and soil temperature data
covering April 2017-October 2017 were determined. It has been determined that the determined temperature, humidity and soil
temperature data and their interactions are the most effective factors in both insect development and rotting. As a result; scope
of work; As a result of the burial in the soil at a depth of 30 cm, in pairs and without clothes. On the days determined as 10, 20,
30, 60, 90, 120 and 180, samples were collected from the body. As a result of evaluating the collected samples, 3 species from
the Muscidae family, which are involved in the forensic entomological process, in the process of ecological succession, have
been identified. These species are; Musca domestica, Hydrotaea capensis, Stomoxys calcitrans. Data obtained from superficial
burials with and without clothing were not significantly different in terms of Muscidae faunistic data. However, the outfit; it
affects the decay of the corpses, as it provides moisture retention; It has been determined that it accelerates the decay process
and stages in balancing conditions parallel to the temperature and soil temperature increase. The rotting process is much more
active in the summer months.
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