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Dear Colleagues,

It is a great honor for me to host you all in “9™ International Conference on
Computational and Experimental Science and Engineering (ICCESEN-2022)”
was taken place in Antalya-TURKEY in the period of 27-31 October 2022.

We are also happy to publish the proceeding of ICCESEN-2022. All papers have
been reviewed by two reviewers.

Prof. Dr. iskender AKKURT

Chair for ICCESEN-2022
Editor for Proceedings of ICCESEN-2022
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Review on the effect of reinforcement particle type, shape, and volume
fraction on the porosity content of metal matrix composite

Mohammmed A. ALMOMANI*!, Bilal R MELHEM?
12Jordan University of Science and Technology, Faculty of Engineering, Industrial Engineering Department,
22110, Irbid-Jordan
maalmomani7@just.edu.jo

ABSTRACT

The porosity contents in metal matrix composite materials (MMCs) is one of the important factors
that affect the composite final properties. Thus, this topic had caught the focus of many researchers.
However, several factors affect the porosity content in this class of materials, including:
reinforcement particle type, shape, and volume fraction. No single article covers the effect of the
aforementioned factors on porosity contents in MMCs. Hence, this article is designed to summarize
this effect to cover this gap in the literature.

KEYWORDS:_Porosity content, Metal matrix composites

1. INTRODUCTION

Particulate metal matrix composites (MMCs) in which the second phase reinforcement is in the form
of particles had caught more attention when compared with other types of composites (fibrous, and
structural) composites due to its cost effectiveness, and their isotropic properties. Stir casting (SC)
and powder metallurgy (PM) are among the most widely used techniques to produce MMCs. The
constituent materials of MMCs are used in the form of powders/particles in powder metallurgy. Stir
casting technique is similar to traditional casting in which solid reinforcement particles are added to
the molten metal matrix and stirring action is used to disperse them in the matrix [1].

The development and production of this class of composites led to a technological advancement
resulting from enhancement of various properties of the matrix properties. However, the formation
of porosities during production presents a challenge that had caught the attention of many
researchers, especially that the porosities affect most of the MMCs' properties; including:
mechanical (yield strength (cy), ultimate tensile strength (UTS), Poisson ratio (v), ductility, fatigue
life, and elastic modulus) and thermal. Most studies agreed that increasing the porosity content
results in a decrease of UTS, oy, v and fatigue strength. Furthermore, the increase of porosity causes
an increase of the damping capacity, and a decrease of thermal conductivity of MMCs [2-11]. In stir
casting, porosities form either from gas entrapment during mixing, vapor surrounding reinforcement
particles, or shrinkage during solidification. On the other hand, porosities form during compaction
process in powder metallurgy. Studies showed that the porosity content in stir casting is much lower
for the corresponding MMCs made by powder metallurgy at all levels of volume fraction of
reinforcements.

SiC is one of the most frequently used reinforcement. However, other types of reinforcement
particles and in some cases two or more k+ind of particles are used.

Weight fraction of reinforcements varied from very small amount (~0.1 wt.%), and it was not
exceeding 15 or 20 wt.% in most cases. Different particle sizes and shapes were also used. Nano to
micro size particles were used, and the shape varied from regular spherical to other non-regular
shapes.

Weight or volume fraction, size, shape, and type of reinforcements affect the porosity content in
MMCs. The aim of this article is to provide a summary of the effect of each one of these factors on
porosity contents in MMCs.

2022.iccesen.org iccesen2022 @gmail.com
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2. EFFECT OF REINFORCEMENT ON POROSITY CONTENT

2.1 Effect of Volume Fraction
Several researchers have examined the effect of volume fraction of ceramic reinforcements on the
porosity content in MMC. All of the studies reported that the porosity content increased with
increase of volume fraction as a result of the increase of reinforcement surface area, which
accompanied by increase of the gases that surround particles [2,3, 5, 7-9].

2.2 Effect of Size
The size of the reinforcement particle is one of the important factors that affect porosity content of
MMC. The use of small reinforcement particles with a large surface area results in a reduction of
their wettability in the molten matrix. High surface energy of the nanoparticles cause an increase of
their agglomeration. Hence, the porosity content increased with decreasing particle size [5, 10].

2.3 Effect of Shape
The shape of the reinforcement ceramic particles affects their compaction, and thus the density and
porosity content of MMC. The method of powder preparation process affects the size and shape of
the attained particles. It was found that the use of particles with irregular shape cause an increase of
the porosity content as they may mechanically interlock and entangle with each other. On the other
hand, the use of spherical particles results in a more homogenous distribution of particles and thus
producing denser MMC with low porosity content [6, 11].

Table 1. Summary of the effect of volume fraction, size, and shape of reinforcements on the
porosity content of MMC.

Composite Volume fraction of Particle size Processing Reference
reinforcement
A356.1-B4C 5,10, 15 Micron sized SC 2
particles
A356.1-TiB2
A356.1-ZrSi0O4

Porosity content increases with increase of volume fraction of reinforcements as a result of
increase of surface area of the particles. Thus, increasing the gas layer surrounded them,
which increases heterogeneous pore nucleation.

Composite Volume fraction of Particle size Processing Reference
reinforcement
A356.1-MgO 15,25,5 Nano sized SC 3
particles

agglomeration.

porosity formation.

Porosity content increases with increase of volume fraction of reinforcements, due to:

1. decrease of particles wettability in the matrix material, which result in their

2. Increase of the induced tensile stress generated from the mismatch of thermal expansion
coefficient between matrix material and reinforcement particles, which would promote

Composite

Volume fraction of
reinforcement

Particle size

Processing

Reference
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50 nm SC 5
5

A356-Al>03 1,2,3
1,35, 10 20 pum sC

The porosity contents increase with increase of the volume fraction and decrease of particle
size due to the accompanying decrease of wettability that result from increase of surface
area of the particles in contact with air.

Composite Volume fraction of Particle size Processing Reference
reinforcement
Ti-TiB2 5wt. % 3.5-6 um Selective 6
laser melting

The use of irregular shape particles caused less compaction of powder, which increase the

porosity content as they may interlock and entangle with each other. On the other hand,

particles with spherical morphology have higher degree of flowability, and they caused a
decrease of porosity content.

Composite Volume fraction of Particle size Processing Reference
reinforcement
Al-SiC 10, 15, 20 <100 nm PM 7

Porosity content increases with increasing volume fraction of reinforcements, because of the
restriction of plastic deformation in the hard ceramic reinforcement particles (poor
compressibility) as compared with the ductile matrix material. This mismatch in the elastic-
plastic deformation reduces the wettability of the particles in the matrix resulting in weak

bonding.
Composite Volume fraction of Particle size Processing Reference
reinforcement
A356-MgO 1.2,25,5 70 nm PM 8

Porosity content increases with increasing volume fraction of reinforcements (decrease of
wettability) as a result of formation of rigid network of MgO reinforcement in the matrix.
This lessen the compaction efficiency of the composite structure, and increasing porosity

contents.
Composite Volume fraction of Particle size Processing Reference
reinforcement
Al-MgO 5, 10, 15 105 um SC 9
as a result of

Porosity content increases with increasing volume fraction of reinforcements
ty in the molten matrix.

reduction of ceramic reinforcement particles wettabili

Composite Volume fraction of Particle size Processing Reference
reinforcement
Al-SiC 10 2 um Accumulative 10
roll bonding
40 pm
3
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The use of large reinforcement particles results in higher quality of bonding and lower
porosity contents as compared with the small size reinforcement particles.

Composite Volume fraction of Particle size Processing Reference
reinforcement
Cu-CNT 3 um PM 11
10 um
45 um
Cu alloy- CNT 45 pm PM

Increasing the particle size will increase the porosity content in the composite.

The use of regular spherical shape particles gives less porosity than the use of dendritic
shape particles

3. CONCLUSION
The main conclusions of this article are summarized as follows:
e Increasing the volume fractions of reinforcement results in an increase of the porosity
content in MMCs.
e  The porosity content increased with decreasing reinforcement particle size.
e Regular shape of reinforcement particles like spherical and rectangular tend to form less
porosity than other irregular shapes.
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Impact of Fractal Fractional Derivative on a Plant Disease Model with
Vector Borne

Firat EVIRGEN, Esmehan UCAR and Necati OZDEMIR™
Balikesir University, Department of Mathematics, Balikesir, TURKEY
*nozdemir@balikesir.edu.tr

ABSTRACT

Plant diseases caused by a variety of factors have historically had a negative impact on the world's
ecology and economy. The most important of these is the Maize Streak Virus (genus Mastrevirus;
family Geminiviridae) (MSV), which is the causal agent of Maize Streak disease (MSD). This virus
is caused the most important and widespread maize disease in Sub-Saharan Africa. In this study, an
eco-epidemiological deterministic model for the transmission dynamics of Maize Streak virus
(MSV) is first remodeled with Fractal Fractional (FF) Caputo derivative. The recently-presented FF
notion of differentiation comprises an operator possessing two orders; the fractional order and the
fractal dimension, respectively. We deeply investigate the numerical properties of this fractal
fractional model, furthermore, acquire several numeric graphs involving this MSV model in order
to forecast and survey intricate phenomena.

KEYWORDS - Fractal fractional derivative, Plant disease, Maize streak virus.

1. INTRODUCTION

Plants are one of the indispensable building blocks of our world's ecosystem. Diseases that occur in
plants, which are in the food chain of people and have great economic value, cause great losses in
many respects. For example, some bacterial vector-borne infections have significantly harmed the
citrus, grape, and olive sectors in recent years [1]. Maize is another plant that can be damaged by
plant diseases. The biggest factor that makes the diseases on this species important is that it is a basic
food element in almost all of sub-Saharan Africa [2]. One of the most important diseases affecting
maize is maize streak disease (MSD) caused by the maize streak virus (MSV) in the Masrevirus
genus of the Geminiviridae family. It is spread by the genus Cicadulina of leafhopper vectors [2].
Mathematical modeling is of great importance in understanding plant disease dynamics, planning
and implementing the necessary measures to prevent the devastating consequences of the disease.
Some mathematical models related to Maize Streak disease can be accessed from [3,4]. Recently,
fractional derivatives have been used to obtain more realistic behavior of systems [5,6,7]. This study
aims to analyze the influence of memory and heritability effects on the spread of the disease by
applying the new fractal-fractional Caputo derivative to the Maize streak disease model. Our model
divides the Maize population and the leafhopper vector population into sub-two classes under the

interaction of MSV pathogen P(t) . The model comprising the typical derivative is represented by
the reference [4] as follows.

O _ps(yS1)_AS0

dt K A+S’
dit) pSsY
— AT (g +6)],

it~ Ars (49
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—"H“)zq—H(ﬂ+—ﬂ?’P j—qu,

dt C+l D+P
dY(t) BsP j
— Y, 1
=hH (C+I D+P) '° @
dP(t)
T rs1- P,
at + Hy

S(0)=S,>0, 1(0)=1,>0, H(0)=H,>0, Y(0)=Y, >0 and P(0)=P, >0

where S(t) susceptible maize, |(t) infected maize, H (t) susceptible leathopper and Y (t)

infected leafhopper populations. Table 1 provides descriptions and values for each parameter in the
Maize streak disease model.

Table 1. The explanations and values of all parameters in the Maize streak disease model (1) [4].

Parameter Description Value

B, Predation and infection rate of Infected Leafhopper on Susceptible 0.45
Maize plant

B, Predation and infection rate of Susceptible Leafhopper on Infected 0.04
Maize plant

ﬁs Infection rate of Susceptible Leafhopper by MSV Pathogen from 0.25
grasses and other plants

q Recuriment rate of leafhopper 0.02

K Carrying capacity 10

1 Death rate of infected maize 0.008

7 Death rate of susceptible leafhopper 0.0303

n Death rate of infected leafhopper 0.0303

bl Conversion rate of Infected Leafhopper 0.45

o Production rate of MSV pathogen by Infected Maize plant 0.018

A Half saturation rate of Susceptible maize with Infected plant 0.4

C Half saturation rate of Susceptible Leafhopper with Infected Maize 0.6
plant

D Half saturation rate of Susceptible Leafhopper with pathogen 0.5

[ Intrinsic growth rate of Maize 0.0005

1, Death rate of a pathogen 0.0005

Some preliminaries
In this section, we give essential new concepts of fractal fractional (FF) Caputo derivative.

Definition 1 [8] Let g (t) a continuous and differentiable function over the interval (a,b) with

the order K, the FF derivative of g (t) having fractional order o in Riemann-Liouville type with
power law kernel is defined by:
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FFP Dcft,x(g(t)): —1 d -:[(t—ﬂ,)mplg(l)d(ﬂ), )

(m-p)dt*
9(t)-9(s)

Q0 (S) =lim
K - t K K
ds 7t —s
Definition 2 [8] Let g (t) a continuous function over the interval (a,b), the definition of FF

with M=1< p,kx <meN and

integral of g (t) with order p having power law type kernel is defined as:

I (00)= o [ A 28 ()0 (2). ®

2. FRACTAL FRACTIONAL MSV MODEL

We model the system by replacing the ordinary time derivative with the newly introduced fractal
fractional derivative operator FF in the sense of Caputo FFC. Consequently, the fractal fractional
version of the mathematical model (1) takes the following form:

S+1Y) pSY
FPDP*(S(t))=rs|1- 21— |- &2
i (S (1)) r[ Kj A+S

FFP Np.x — 1SY
Dy (1(t)) = f—_l_s—(/,ll+§) l

. | P
P Dy (H(t))=q—H(%+%)—yzH, )

| BP
e (v (1) =bH| L2 APy,
s (Y (1) =h (C+I+D+Pj s
"Dy (P(t)) =y +51—p,P.
3. NUMERICAL RESULTS

In this section, we solve our fractal fractional MSV model (4) using a numerical method [9] as
follows:
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o (s = ars@IO RO 0.A0)
r(11—p)i(t‘0)_p dilcl(o)jda = G (LS(1). (1), H (1), (1).P(1)),
gl (R = e s ROY0PO). ©
r(11—p)i(t‘0)_p diKY(G)jda = G(LS()1()HE)Y().PW)),
r(11—p)I(t‘0)_p diKP(a)jd“ = G5 (tS(t), (1) H (1), Y (1), P(1)).

where g,,0,,..., J are the right hand side of the Eq. (4). Then the right hand side of Eq. (5) can

be convert to Riemann-Liouville type by using F(l—p)%':[(t_ )’ g(g)da’d%(l
relation such that [9,10]:

"D (S (1) = #tg (1S (), (1), H (1), Y (1), P(1)),

DG (1(1)) = g, (1,5 (1), 1 (1), H (1).Y (1), P(1)),

" Dg (H (1) = w95 (6,5 (1), 1 (1), H (1), Y (1), P (1), ©®)
DG (Y (1) = atg, (S (t). (1), H (1).Y (1), P(1)),

" D§ (P(1)) = w705 (65 (1), 1(t), H (1), Y (1), P(1):

We change place RL derivative to Caputo derivative for the purpose of integer-order initial
conditions. Implementing the Riemann-Liouville fractional integral, we achieve
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o**(t-o)" " g,(c,5,1,H,Y,P)do, ()

O-,ﬁl (tn+l _O-)p_l gl(O',S, I ! H ’Y’ P)dG,

Q

Q

“(ty,-0)" 0,(0,5.1,H.Y,P)do,

o (t,,~0) " 9;(c,5,1,H,Y,P)do, ®)
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Q

ntj+1
S,..(t) = SO+{ K Z "l(tml—a)p1gl(a,S,|,H,Y,P)dO'],

tj+l
.. (t) = IO+{ K . a’(l(tnﬂa)plgz(O',S,l,H,Y,P)daJ,

F(p) =0 ;
H (t) = H +| n tj+10’(_1(t —0')p71g (O' S,I,H,Y P)dO' (9)
n+1 0 r(p) — lj n+1 3 1~ T y L )
Yoo () = Yo+ — n tHla“(t o) " 9,(c,S,1,H,Y,P)do
n+1 0 F(,O) — tj n+1 4 1~ T v by ’

v

F

uN

~—
—+

N—"
11

n tj+1
PO+{ K K"l(tml—a)pflg&.)(a,s,I,H,Y,P)da

Benefiting from Lagrangian piece-wise interpolation, in the interval [ - I+1] approximating the
function o**g, (t,S,1,H,Y,P) we obtain

o-1, —t

Pu(a) = t-t, —=t 191(t S, 1 H, Yl'Pl) t_t i tiI:lgl(ti—l’Si—l' i Hiy Y P )'
i i i-1
- 0 — tl -1 4x-1 ti

Yi(U) = . —=t gz(t Siv 1y H; Yupu) ~ —1gz(|1’ |1'I|1’H|1’Y|11P|1)
i ~lia i ~lia
_ 0=t tI

Z (O_) = t_t t; 93('[ Sl H, pru) t_t 93( 19911 ligy H —1’Y—1’P—1)
i i-1 i i-1
_ G_ti—l x-1 t

T (G) - ?ti g, (t Sl H, Yup:) t_ t 94( i S i H, —1’Y—1v|:;—1)1
i ~lia i ~lig
t.

tiizlgs (ti—l’si—l’ Ii -1 H| 11Y| 11 P )

(10)

ti A o |_ i-1

U, (o) = 0_—:“1ti“gs(t S, 1, H,.Y, )=

Thus, we get
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n+1

n+1

A1+1

n+1

n+1

n |+1

Z J‘ n+1
i=0 4
n G
K
E,+ o (t,,
i F(p) i=0 ¢ ( '
t.
K n i+l o
+ o (1,
STPETAS
t.
K n i+l
B, + o (t
0 r(p) |:0 {'; ( n+l
K n tH—l
r p i O- n+l

(11)

After elimination of the integrals, we present the numerical method for the fractal fractional Caputo

MSV model
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_ K(At)” &L, (n+1-i)"(n—j+2+p)
S = SOJFF(/O+2)-o[ti gl(ti’S“I“Hi’Yi’R)((ni)p(ni+2+2p)J

4510, (S o B Yo Py (1) = (i) (n =i+ ) |

(n+1—i)”(n—j+2+p)}
—(n=i)’(n-i+2+2p)

t*g,(t,S;,1,,H,,Y,,P
n+l r(p+2) o i gz( i it Ui i i |)£
_tfllgz(til,Si1,Iil,Hi1,Yi1,Pi1)((n+1—i)’”1—(n—i)p(n—i+1+p))]

o = Hys R i{tf1gs(ti,si,li,Hi,Yi,Pi){(nH_i)p(n_j+2+p)}

" T(p+2)5 —(n=i)’(n-i+2+2p)

4510, (4, S 1 Hi Yo, Pi_l)((n +1-i)"" —(n—i)" (n—i+1+ p))]

K(At)” &, (n+1-i)’(n—j+2+p)
SEok 94(t.,s.,|.,H.,Y.,F’.)[_(n_i)p(n_i+2+2p)J

Y, = Y, +

n+1
—t70, (ty, Sio Loy Hia Vi, Pifl)((n +1-i)"" = (n=i) (n—i+1+ p))}

~ K(A)” &, (n+1-i)"(n=j+2+p)
P = PO+F(p+2)i:O t; QS(ti’S“Ii’Hi’Yi’R){—(n—i)"(n—i+2+2p)J

0505 (b0 S s Moy Y, P (n2-1) 7 = (n=i) (n =i 24 ) |
(12
The initial conditions S(0) =1000, 1(0)=20, H(0) =100, Y (0)=0, P(0)=1000 and

the parameters found in Table 1 are used to display the numerical outputs that result from the fractal-
fractional Caputo model. Figure 1 shows the computational results when the fractal and fractional

order remain constant as x =0.8and P = 0.9, respectively.

13

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

1000 . ! : . : 100
% 800 2 80
2. 600 5 60
£ [
= 400 Z s0f
E = I N
= = P e _
@200 p—— = 200,
_______ ’
______ II
0 - L L I 1 L 0 1 L L L L
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time(days) Time(days)
—_—() H(t)
- =) ———Y(t)
(a) (b)
1040 T T T T T
1035
1030
5
2 1025
=
% 1020
o
= 1015 -
o
1010
1005 -
1000 \ . \ \ \
0 10 20 30 40 50 60
Time(days)
—DP(t)
()

Figure 1. Visualization of Susceptible Maize S(t), Infected Maize I(t), Susceptible Leafhopper
H(t), Infected Leafhopper Y(t), and MSV Pathogen P(t) under the fractal and fractional operator.

4. CONCLUSION

In this paper, the fractal fractional derivative operator which is a new concept in the literature has
been applied to a plant disease model. For this purpose, a Maize Streak Virus (MSV) model is
handled by taking into account the vector-borne and MSV pathogen. We interpreted the dynamic
system handled by applying fractal fractional derivative in terms of memory effect and fractal size.
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ABSTRACT
The linear attenuation coefficients (u, cm™) for AISI 316 stainless steel having boron carbide (B4C)
in different concentrations have been investigated. The boron carbide (B4C) concentrations
investigated in the work were 0%, 10%, and 20% in AISI 316 stainless steel. The measurements
were made using a gamma spectrometer that contains a Nal(Tl) detector and Multi-Channel-
Analyser (MCA) connected to a PC. Three different gamma rays energies have been used at 511
and 1275 keV which are obtained from ??Na radioactive source.
KEYWORDS:. AISI 316 stainless steel, boron carbide (B4C), Linear attenuation coefficient,
Gamma spectroscopy

1. INTRODUCTION

Stainless steels, known as materials that do not stain or corrode, are defined as steels that contain at
least 10% chromium by combining various metals in different proportions. AISI 316 steel, which is
classified as austenitic stainless steel, is used in areas and applications such as engine parts of many
vehicles that require corrosion-resistant materials, pharmaceutical production areas, equipment
using chemical materials, machines used in purification processes and devices used for medical
applications [1-3]. AISI 316 austenitic stainless steels consist 16.5-18.5% Chromium (*Cr), 10-13%
Nickel (%Ni), 2-3% Molybdenum (*Mo), 2% Manganese (**Mn), 1% Silicon (*Si) and small
amounts of Carbon (6C), Phosphorus (**P), Sulfur (}6S). The remaining part of these elements in
AISI 316 stainless steel is iron. Many researchers have conducted studies to investigate the physical
and mechanical properties of stainless steel [4-6].

Boron carbide is a non-oxide ceramic material that has a special place in the important hard nonmetal
group such as SiC, SisN4, diamond, alumina [7]. Boron carbide has good mechanical properties,
high melting temperature, high hardness, low density, high radiation absorption. In addition, it is
highly resistant to chemical substances. Boron carbide comes after diamond and cubic boron nitride
in the hardest materials ranking. The main areas of use of boron carbide include spray nozzles, mold
materials used in wire drawing, absorbent materials in nuclear reactors [8]. In addition, due to some
superior properties such as low density, high elastic modulus and hardness, boron carbide-based
ceramic-metal composites used in armor material have become the focus of attention of researchers
[9-12].

With technological developments, today radiation has a wide range of uses such as industrial
applications, scientific studies, agricultural activities, medicine (radiotherapy applications and
imaging). lonizing radiation used in these areas directly (radioactive sources, natural radioactivity,
etc.) or indirectly (leakage, scatter, etc.) exposure affects the health of living things and the
environment. For this reason, the issue of radiation protection has gained great importance in terms
of health. Time, distance and shielding are the three basic principles of radiation protection. The
principle of shielding is the use of barrier material between the radiation source and the system to
be protected in order to attenuate or hold different types of radiation (X-ray, gamma ray, particle,
etc.). The best known traditional material in terms of radiation shield is lead (Pb). Lead is not used
much because of its disadvantages such as poor mechanical properties, high cost, Pb toxicity for
humans and the environment. For this reason, the production of new types of materials for radiation
protection is increasing. In the literature, many physicists and materials scientists have produced

16

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

many different types of materials as radiation shielding materials and examined the radiation
shielding properties of these materials [13-21].

This study aims to investigate the variation of linear attenuation coefficient for gamma rays with
different energies by adding different ratios of boron carbide to AISI 316 stainless steel,
experimentally using gamma spectroscopy system and theoretically using WinXCom software [22].

2. MATERIAL AND METHOD

2.1. Production Of Steel Samples

Cylindrical specimens with a diameter of 35 mm and a thickness of 5 mm were prepared by Powder
Metallurgy method to be used in experimental studies. AISI 316 Austenitic Stainless Steel powder
has been chosen as the matrix material. In order to prepare samples with different compositions,
different proportions of boron carbide powder were added to the stainless steel powder. Powder
compositions by weight of the prepared samples are given in Table 1.

Table 1. Powder Composition of Test Sample Groups

Sample Group | AISI 316 Stainless Steel Boron carbide
Number Powder (% weight) Powder (%weight)
1 100 0
2 90 10
3 80 20

In the present work commercially available AISI 316 ASS powders were produced by gas
atomization method. The powders have a size range of 80-100 um and a spherical shape. Boron
carbide was added to the ASS powder in the proportions given in Table 1 and mixed in a double-
sided conical mixer for 10 minutes. The homogeneously obtained powder mixture was carried
appropriately and the cold pressing stage was initiated. The mixed powder; cold compressed in a
double acting press using lubricated mold with an inner diameter of 35 mm. The green density value
after cold compression was determined as 93 + 0.5%. Demoulded samples has been used as it is.

2.2. Experimental gamma ray attenuation measurements

LACs of AISI 316 stainless steel samples produced by adding boron carbide at different rates were
measured to determine their gamma ray shielding properties using a low level gamma counting
spectroscopy system containing a Nal (TI) detector. Gamma spectroscopy system consists of
electronic parts such as High Voltage (HV), Amplifier, Multi-Channel Analyzer (MCA). The
experiments were performed at 662, 1173 and 1332 keV gamma rays which were obtained from
187Cs and ®°Co radioactive sources [23,24].

As a result of the interaction of gamma rays with matter, some of the rays are absorbed, some of
them are transmitted directly without interaction and some of them are scattered in different
directions. The realization of these interactions depends on the properties of the shield material, the
incoming gamma energy and the measurement geometry. In order for the results of the experimental
measurements to be accurate, an ideal experimental geometry called narrow beam geometry was
created. The electronic components and geometry of the gamma counting spectroscopy system used
in this study are shown in Figure 1. The multi-channel analyzer in the system creates spectra with
digital signal processing techniques and the areas of these obtained spectra are calculated using
MAESTRO-32 software.
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Figure 1. The electronic components and geometry of the gamma counting spectroscopy system

LACs p (cm™) is obtained by the following equation [25]:

1 N
AN @

where X is the thickness of the absorbent material, and N and Ng are the counts obtained with and
without absorber material between the radioactive gamma source and the detector, respectively.
The mass attenuation coefficient (MAS) was calculated with the help of the WinXCom software
[22], which uses the chemical content of the absorbent material as input. The linear attenuation
coefficient was calculated by multiplying the calculated MAS (u / p) with the density of the
absorbent material.

3. RESULTS AND DISCUSSIONS

As stated in the experimental gamma ray attenuation measurement section, the gamma spectroscopy
system was used to measure the LACs of the steel samples produced by doping different amounts
of boron carbide. LACs values were measured for gamma energies of 511 and 1275 keV emitted
from 22Na radioactive source. The results obtained are shown in Figure 2. As seen in Figure 2, the
linear attenuation coefficient of the steel decreases against increasing gamma ray energy. Similar to
this result, it was observed that the LACs values decreased as the boron carbide ratio in the steel
increased.

1]

m 511 keV ®m 1275 keV
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Figure 2. Measured LAC values
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Within the scope of the study, LACs for gamma energies ranging from 1 keV to 100GeV were
calculated with the WinXCom software by using the chemical contents of steels produced by doping
different amounts of B4C. The results of LACs calculated and experimentally measured with the
WinXCom software are shown in Figure 3. When these results are compared in Figure 3, it is seen
that there is agreement between the LACs values.

e 100N
AlSt 316 AlSI 316%108,C
XCOM = ©X9, XCOM & X7,
" 10e0s
st ™
T T
- <
2 2
T 1y
» 10000
- .
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Figure 3. Comparison of calculated and measured LAC values
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ABSTRACT

Energy and reaction cross section values are required in theoretical calculations. The reaction-
induced cross section value, which can be described as the possibility of a reaction occurring, can
be obtained by theoretical calculations, while the result can be affected by many parameters. In the
calculation of the reaction cross-section, the gamma strength function is an important input as well
as the nuclear level density. In addition to the very important role of radioisotopes in the field of
nuclear medicine, especially in imaging and therapeutic applications; radioisotopes also occupy a
large place in diagnostics in radiotherapy and nuclear medicine. In this study, it was intended to
investigate the effects of gamma-ray strength functions on different gamma-ray strength functions
and cross-section calculations. The cross section calculation simulations were performed with the
version 1.95 of the TALY'S Monte Carlo code. The data obtained were analysed graphically against
available experimental data from the EXFOR library.

KEYWORDS: Gamma strength functions, TALYS,EXFOR

1. INTRODUCTION

Nuclear reactions, which are very important from the point of view of human health, may occur
during the production of the radiation sources, used in radiotherapy. The nuclear reaction data are
needed in the radioisotope production procedure. The total cross section is also important in
accelerator technology, in view of radiation protection and safety (Noori et al., 2017).

The cross section is an important quantity in studying the nuclear reaction, where it helps to calculate
the probability of nuclear reaction, therefore, it became the main concern since the beginning of
nuclear reaction studies (Abdullah et al. 2020). The cross section is a mathematical version of
describing the probability of a nuclear reaction occurring. Physically, the possibility of a reaction is
described in an amount called a nuclear cross section. The cross-sectional value of a reaction can be
expressed as the value that clearly indicates the probability of that reaction occurring.

The use of systematics for nuclear reaction cross section evaluation is important, if experimental
data are absent or results of nuclear model calculation are not reliable. Systematics of cross sections
has a special importance as an additional tool for the cross section evaluation (Tel et al. 2016).
Studies of excitation functions of nuclear reactions are of considerable importance for testing nuclear
models as well as for practical applications (Sudar et al. 2006).

It is essential to nuclear industry such as medical isotope production and radiation applications
(Kavun and Makwana, 2020). Radioisotopes play very important roles in nuclear medicine for
imaging and therapeutic applications.

Gamma strength function describes the (average) energy distribution of photon emission from
highlyexcited states or cross section of photon absorption (principle of detailed balance) (Martin,
2012).

Nuclear reaction codes for the degradation of the compound nucleus are an advantage way to guess
and evaluate yield for dissimilar reactions. Based on this; there are experimental (Vagena and
Stoulos 2017), (Ghergherehchi et al. 2012), (Hu et al. 2022), (Sziki et al. 2006), (Usman et al. 2016),
(Usman et al. 2017), (Usman et al. 2016), (Usman et al. 2020) and theoretical (Kaplan et al. 2014),
(Aydin et al. 2015), (Kaplan et al. 2015), (Ozdogan et al. 2018), (Artun 2018), (Artun 2019), (Sarpiin
et al. 2019), (Canbula et al. 2014), (Canbula 2020), (Noori et al. 2019), (Noori et al. 2017), (Karpuz
Demir 2017), (Noori et al. 2016), (Karpuz 2016), (Noori et al. 2018), (Kavun and Makwana 2021),
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(Kavun et al. 2020), (Kavun and Makwana 2020) nuclear reaction section studies in the literature
that conducted in the light of this direction.

In this study, (y, n) reaction have been investigated and gama strength functions. Calculations were
performed with version 1.95 of the TALYS nuclear code (Koning et al. 2019). The calculation
results obtained and the experimental data of the reaction obtained from the experimental database
were compared.

2. MATERIAL AND METHOD

Nuclear reaction calculations require complete (Koning et al. 2008). Gamma strength function
describes the (average) energy distribution of photon emission from highlyexcited states or cross
section of photon absorption (principle of detailed balance). There are five models (Kopecky-Uhl
generalized Lorentzian, Brink-Axel Lorentzian, Hartree-Fock BCS tables, Hartree-Fock-
Bogolyubov tables, Goriely’s hybrid model) for E1 gamma-ray strength function in TALYS.
Calculations of theoretical cross section are based on these gamma-ray strength function models.
Current study was performed for energy range of the giant dipole resonance region (GDR) (Karpuz
Demir et al. 2017).

TALYS Computer Programme
TALYS, is one of the widely used computer programs for the cross-section computations of nuclear
reactions. It is a program that can simulate nuclear reactions involving protons, neutrons, deuterones,
tritons, alpha particles, and gamma rays in the energy range of 1 keV to 1 GeV. TALYS is preferred
in both basic and applied sciences. It is written in Fortran 77 programming language. Over time,
continuous updates were made to eliminate the deficiencies seen on TALYS. In this study, dissimilar
nuclear level intensity models were calculated using the latest version of TALYS.

3. RESULTS AND DISCUSSIONS

In this study, the impact section values of '2C that is important with its different practices in science
and technology, and the production impact section calculations of '*C was calculated with TALYS
1.95 computer program (Koning et al. 2019) using gamma strength functions. Comparison of all
theoretical calculated results obtained from the models with both each other and with the
experimental data, valid in the EXFOR (Int Kyn. 1) database in literature. Figures lrepresent
calculated cross section effects with the all of level density models and gamma strength function
models for 12C all the known medical materials respectively.

My main aim is here to demonstrate the predictive power of different models calculations and this
comparison may be considered as starting point for the future improvements in the theoretical
models. The computation cross section results with gamma strength functions, (Kopecky-Uhl
generalized Lorentzian, Brink-Axel Lorentzian, Hartree-Fock BCS tables, Hartree-Fock-
Bogolyubov tables, Goriely’s hybrid model), for the radionuclide of *'C is indicated in Fig. 1. These
calculated results are checked against with the experimental results in the literature (Cohen et al.
1959), (Del Bianco et al. 1962), (Lochstet et al. 1966). For this reaction, value of maximum
calculated cross section is 22 MeV. The experimental cross section results are convenient to the
conclusion of Brink-Axel Lorentzian model in the area between 20 MeV and 28 MeV.
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Fig. 1. Calculated cross section for 2C(y,n)''C reaction with gamma strength function models

4. CONCLUSIONS
In this article where | examined the effect of gamma strength function models on *2C radionuclides.

According to the calculated theoretical results, Brink-Axel Lorentzian model is the most coherent
model with the experimental data. The theoretical cross sections of reactions, obtained using the
TALYS 1.95 models, clearly demonstrate the GDR effect. And however, all level density models
give close cross section results with the each other.

The data | have calculated cross sections that occur in the process of performing a reaction on the
basis of nuclear reactions; will be able to benefit studies aimed at developing materials to be used in
different application areas, providing preliminary information to experimental and theoretical

studies on nuclear reactions and creating a theoretical database.
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ABSTRACT
It is well established that electron spin resonance (ESR) is a useful spectroscopic method to identify
the paramagnetic radical species resulting from the degradation in some cases, such as irradiation.
The bone is a uniform material which consists of almost 50% hydroxyapatite mineral in the
inorganic constituent. This mineral is sensitive to radiation effects and produces a signal which can
be analysed by ESR method. In this case, the ESR deals with the accumulation of radiation-induced
radicals in the defects of this mineral crystalline lattice.
Herein, the radical concentrations and radiation centers formed in the bone structure after gamma
irradiation was studied using the ESR spectroscopy. For this purpose, selected fossil animal bone
(sheep) sample was subjected to combination of cleaning and grinding in the laboratory. The
obtained sample was irradiated with 10Gy, 50Gy, 1000Gy and 2000Gy radiation doses by %°Co-y
source, respectively and then the ESR measurements were performed using X-band ESR
spectrometer at 300K, separately. This sample was also analysed for mineralogical composition and
elemental concentration using X-ray diffraction (XRD) and scanning electron microscopy coupled
with energy-dispersive X-ray measurements (SEM-EDX), respectively. As a conclusion, the XRD
and the SEM-EDX results showed that this sample had a poorly hydroxyapatite which is
microcrystalline hexagonal mineral. From the ESR measurements, it was observed that the signal
amplitudes and shapes were changed as a function of applied radiation doses. Also, the stable
carbonate-containing paramagnetic radical was determined only high irradiation doses.
KEYWORDS - Bone, ESR, XRD, SEM-EDX, Irradiation, Paramagnetic radical

1. INTRODUCTION

Bone is one of the hardest tissues in the body [1, 2]. It occurs an organic component composed of
collagen predominantly and an inorganic component containing hydroxyapatite crystals [3, 4]. This
inorganic structure, which includes high amounts of calcium and phosphate, constitutes
approximately 50% of the bone. In addition to calcium and phosphate, this structure also contains
magnesium, bicarbonate, sodium, hydroxyl, potassium, chlorine, citrate and fluorine [1].

The inorganic component is capable of forming stable paramagnetic species, induced by irradiation
in the bone. So, the most reliable method to choice for investigation the paramagnetic centers in this
structure is electron spin resonance (ESR) spectroscopy. The ESR spectroscopy is a very suitable
method for investigation of biological materials exposed to ionizing radiation due to its accuracy,
reproducible, sensitivity, non-destructive, low cost and fast measuring procedure [5-7]. Especially
teeth and bone materials, where stable paramagnetic species can be produced easily by irradiation,
can be used as ESR dosimeters for radiation research and radiation technologies [8-10].

In this paper, the chemical and structural changes of fossil bone sample were checked by
experimental methods (XRD and SEM-EDX), firstly, and then X-band ESR measurements of
gamma irradiated fossil bone sample were investigated in order to identify paramagnetic centres the
contributing to ESR signals at room temperature.

26

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

2. MATERIAL AND METHODS

2.1 Sample Preparation
In this study, a fossil animal bone (sheep) was used for investigation. This sample was stored in a
light-tight box in the laboratory. It was protected from direct sunlight and other possible agents that
could induce radicals in the bone. In the laboratory, firstly, bone sample was washed with distilled
water in ultrasonic bath and then oven-dried at 30°C. After cleaning, this sample was grinded
carefully with an agate mortar and pestle to get powder samples. These powdered samples were
divided into five equal parts and placed in different sample containers for measurements. Four
powdered samples were irradiated using cobalt-60 gamma source with the following multiply doses:
10, 50, 1000 and 2000 Gy.

2.2 Characterization and ESR Measurements
The X-ray diffraction (XRD) patterns were recorded using XRD diffractometer, Rigaku MiniFlex
model, with CuKoa radiation. The X-ray generator worked at a power 30 kV and 15 mA. The powder
patterns were collected in the angular range 5°— 140° in 20, with scan-speed 3°/min, and 0.02 mm
steps. The scanning electron microscopy (SEM) coupled with energy-dispersive X-ray (EDX)
measurements were performed using Zeiss Evomal5 Model microscope and Inca and AzTec
Software, respectively. Operating conditions of SEM were 15 kV accelerating voltage, 5 - 15 mA
current and 10 - 20 s counting time for each element.
The electron spin resonance (ESR) spectra of this sample were recorded in the Bruker model X-
Band ESR Spectrometer at 300K to verify the presence of the radical induced by ionizing radiation.
During the measurement, the microwave power was set at 20 mW with modulation amplitude of 0.2
mT at 100 kHz.

3. RESULTS AND DISCUSSION

The bone has a high reactive surface area than other dental tissues, and the significant alteration can
be observed in the structure depend on the interactions with the sedimentary environments. So, in
this study the chemical and structural changes of fossil bone sample were checked by experimental
methods (XRD and SEM-EDX) and then investigated by ESR spectroscopy.
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Figure 1. The XRD patterns of powdered fossil bone sample

The XRD was used to determine the mineralogical composition of the fossil bone structure. This
analysis was carried out from natural bone that was powdered after sample preparation. The XRD
patterns of powdered fossil bone sample is presented in Figure 1. The XRD results showed that the
hydroxyapatite was the major component of analyzed bone. In addition, some characteristic peaks
of impurities were observed and some residuary amounts of organic matter present as collagen was
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also detected. It was understood that these impuries were occur by the replacement of any constiuent
cation or anion change with other ions in hydroxyapatite structure.
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Figure 2. The SEM image and the EDX analyze of the fossil bone structure

The micromorphological details and elemental composition of the fossil bone sample were analyzed
using SEM-EDX method. Figure 2 shows the SEM image and the EDX spectra of this sample. The
SEM image revealed that the collagen fibers were intact and they were similar to the natural bone
structure. Regarding the EDX measurement, it was observed that the chemical composition of the
bone sample included Ca, P elements which are major elements for hydroxyapatite structure, and O,
C trace elements. It was proved that bone structure had a hydroxyapatite mineral, experimentally.
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Figure 3. The ESR spectra of powdered bone sample in artificial irradiation doses at 300K

Figure 3 shows the ESR spectra of irradiated bone sample at 300K. After irradiation, all powdered
samples were weighed and place into quartz tubes for measurements. Optimal spectrometer
conditions were determined and high microwave power was selected for obtained the good signal-
to-noise ratio on the spectra.

As seen in the figure, signal intensities were growing up as a function of radiation doses. When the
all spectra were analysed, it was clear that all signals were strong, but only irradiated samples with
high radiation doses had asymmetric shapes. For four irradiated bone samples, the spectroscopic
splitting factors (g values) were calculated. The results showed that 10 Gy and 50 Gy irradiated
samples had a high background iron signal due to the g=2.004 values [11]. However, 1000 Gy and
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2000 Gy irradiated bone ESR signals with g=2.0020 and g=2.0023 values were related to
orthorhombic CO3 radical in hydroxyapatite structure in bone [12].

4. CONCLUSION

The XRD, the SEM-EDX and the ESR methods were used for investigation the fossil bone sample.
The chemical and structural analyzes were relevaled the presence of the hydroxyapatite mineral in
the bone structure. The stable radiation defects created in hydroxylapatite in bone were determined.
The obtained ESR spectra were analysed by g anisotropy the resolution of g components.
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ABSTRACT

It is observed that most continents around the globe have experienced frequent droughts in the last
three decades and this condition is being aggravated due to growing water demands with limited
source of water as well as spatiotemporal changes in climatic patterns. In this study, the impacts of
droughts and wet spells on rainfed wheat yield were investigated using the Herbst method. The study
area is Tabriz plain in the northwestern Iran with statistical period of last 40 years. Drought analysis
showed 19 events, with the longest event of 81 months. Yield reduction due to the impact of droughts
in annual were estimated 19.30% in the study period. The results showed that there is a significant
relationship between rainfall, drought and wet periods with the yield. Also, it was comprehended
that spring rainfall was the most effective parameter in the growing of the rainfed wheat.

KEYWORDS: climatic variables, drought spells, Meteorological drought, yield variations, wet

spells.

1. INTRODUCTION

Wheat is the second highest consumed crop after rice and meets the most food requirement in
developing countries (Hossain and Teixeira da Silva, 2012). As one of the important strategic grains,
it plays a key role in energy supply and food security across the world. Wheat covers approximately
22% of the world's agricultural lands under cultivation (Licker et al., 2010) and provides about 20%
of daily calorie intake (Ramirez-Rodrigues et al., 2016). Because climate change is global concern
of these days (Ya-nan et al., 2014), its impact on a variety of crops grown in different parts of the
world has been analyzed in umpteen studies (Lobell et al., 2011; Ju et al., 2013). According to IPCC
(2007), climate change has a significant relationship with crop yield. Under climate change, the
factors affecting the yield have been identified as temperature, precipitation and concentration of
atmospheric carbon dioxide (Holden et al., 2003). In recent decades, the production of a variety of
products, such as rice, wheat, and maize, has experienced a decreasing trend in different parts of
Asia due to increased water stress and temperature, and the decrease in the number of rainy days
(Bates et al., 2008). Incidences of drought during 1999-2000 heavily affected some 60 million
people of central and southwest Asia, particularly Iran, West Afghanistan, Tajikistan, Uzbekistan
and Turkmenistan (Mishra and Singh, 2010). At the global scale, the wheat production in developing
countries is expected to undergo a 20 to 30% decline by 2050 as a result of 2 to 3°C rise in
temperature (Hossain and Teixeira da Silva, 2012). On the other hand, the demand for wheat in Iran
will exceed 20 MtYear~tupto year 2025 (Nassiri et al., 2006). This is so when 60% to 65% of the
area under wheat cultivation in the country is rainfed and meets 30% to 35% of the national demand
(Mousavi-Baygiet al., 2016). Atmospheric conditions, especially incidences of droughts, induce
risks in agricultural production (Nejedlik and Orlandini, 2008; Mkhabela et al., 2010; Mir et al.,
2012). Many drought indices have been developed, and each one has pros and cons and widely used
to interpret the severity and duration of droughts. Some of these indices include Palmer Drought
Severity Index (PDSI; Palmer, 1965), Herbst method (Herbst et al., 1966), Crop Moisture Index
(CMI; Palmer, 1968), Standardized Precipitation Index (SPI; McKee et al., 1993, 1995) and
Reclamation Drought Index (RDI; Weghorst, 1996).

Herbst proposed a method for meteorological drought. The method is based on the analysis of
monthly precipitation data in which a seasonal drought period with a certain intensity and duration
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occurs due to the changes in mean monthly rainfall, this kind of drought is not considered harmful.
Therefore, as an important advantage, this method differentiates a conventional drought from
harmful droughts, which can be mitigated with the regulation of water consumption (Herbst et al.,
1966). The plant response to drought, in terms of yield, is low after the completion of growth stage
(Hakim et al., 2012). Nassiri et al. (2006) predicted that Iran would be sensitive to climate change
and the vulnerability and damage would rise with the incidence of drought, especially in areas with
semi-arid climate which is dominant, as the country is situated in the desert belt of the world and
receives low rainfall. The global climate tends to indicate rainfall reduction in many arid and
semiarid regions. At the same time, rainfed agricultural production and in particular wheat seems
necessary to achieve food security by mitigating the threat of water resources scarcity. Despite
widespread occurrence of high frequency droughts in many arid and semi-arid areas, development
of relationships between droughts with yield has not yet been the main focus of research programs.
Itis in this framework that the main objective of this study is to address the impacts of prcepitation,
drought and wet periods on rainfed wheat yield in the semi-arid regions.

2. MATERIALS AND METHODS

Study site, weather and yield data
The study site, Tabriz plain situated in the northwest part of the Iran, covers an area of over 100,000
ha (geographic coordinates of 37°56 to 38°17’ N latitude and 45°30’ to 46°15E longitude). Also,
Tabriz meteorological station is located 1364 m above mean sea level at a latitude and longitude of
38°04'47"N and46°17'30" E, respectively. According to De Martonne method, the climate of the
region is considered semi-arid with a long-term average annual precipitation of 261mm, which is
low in comparison with the average rainfall in the world and Asia. Monthly synoptic data (1951-
2016) consisting of precipitation (mm) for Tabriz station were obtained from Iranian Meteorological
Organization (IRIMO).
In the Tabriz Plain, different varieties of wheat have been cultivated in recent decades. Thus, the
data relating to wheat yield pertain to the average yield of common varieties. The sowing date is
determined by the Ministry of Agriculture (MOA) in the study area and based on the normal situation
the sowing date is in last decade of September and varied to October 20. In addition, temperature in
the early summer and late spring determines the harvest date (Bannayan et al., 2010). The long-term
records (1977-2016) of rainfed wheat yield in the Tabriz Plain, obtained from MOA, were used to
study relationships between yield and climate data.

Herbst method
This method is based on monthly rainfall data from which the duration and intensity of droughts and
their months of onset and termination are determined; a drought index is also calculated which
enables the intensity of droughts to be compared irrespective of their seasonal occurrence.
Computational steps and determination of drought parameters using this method are as follows
(Herbst et al., 1966):

i. The weight for precipitation impact of the previous month on the current month was
calculated for each months using a transmission factor of the ith month (W;, dimensionless)
as:

W, = 0.1 [1 + ] 1)

1
EMAR

where, M; and MAR represent the monthly average precipitation of the ith month and the annual
average precipitation in mm, respectively.
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ii. The effective precipitation of the ith month and the jth year (Ej;) in mm was estimated by

equation 2. In the first month under study, the actual precipitation was considered to be the
effective rainfall.

Ej = [Ra-1j — M- ]W; + Ry (2)

iii. The precipitation of the ith month and the jth year is shown by R;;. Monthly Deficit of
rainfall in the ith month of the jth year (MDy;) for all months was calculated as:

MD;; = (E;j — M;) « (3)

iv.  The ordinary Mean Monthly Deficit of ith month (MMD;) during N years was calculated
as:

1
MMD, = X ¥, MD, (4)

The values of MD; > 0 (wet periods) were not considered deficient, they were included in the
calculation of mean values despite their zero values. In addition, drought periods were determined
based on the values of MD; < 0.

Then Mean Annual Deficit (MAD) will be:

MAD = }{2, MMD; (5)

The shortcoming in the Herbst method is in the calculation of MMD, this is, it will be affected by
high severity droughts events.

Yield analysis approach
The relationship among rainfed wheat yield and precipitation, as well as drought and wet criteria
were determined. Also, the regression equations of seasonal precipitations (R;), seasonal wet periods
(MD; > 0) and seasonal drought periods (MD; < 0) with rainfed wheat yield were determined.

3. RESULTS AND DISCUSSION

Assessment of drought and wet periods of precipitation
Monitoring wet and drought periods were done using Herbst method, based on normal regime as the
management line. The mere observation of the graphs is not sufficient for the determination of the
onset and termination of drought time due to rainfall higher than normal regime in some months and
their inability to compensate for drought. Thus, drought parameters were determined using the onset
and termination tests of Herbst method mentioned in table 1.
Accordingly, the maximum, average and minimum severity values of drought were 1.32, 0.65 and
0.05, respectively. The continuity of their period was 7, 17 and 9 months. The minimum and
maximum values of index (I) respectively belong to the drought No.3 (February 1958-November
1958, 9 months) and the drought No.13 (February 1995-November 2001, 81 months). Mirabbasi et
al. (2012) showed that the longest and most severe drought occurred in 1998 at Sharafkhaneh port,
located in the northwest part of the study region, with 6 months duration as per the SPI index this
period is shorter than the maximum duration drought introduced in this study and situated within it.
Since, the other methods do not separate wet periods that solely mitigate drought periods, without
completely compensating the drought periods but Herbst method does.
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Impact of drought and wet periods on wheat yield
The relationships of annual precipitation (R,), annual wet period (MD, > 0) and annual drought
period (MD, < 0) with wheat yield are shown in figures 1 to 3, having determination coefficients
(R?) 0f 0.82, 0.92 and 0.85, respectively. These three regression models show, an increase (decrease)
in the amount of rainfall during wet (drought) period leading to an increase (decrease) of wheat
yield. Table 2 shows the coefficients of the equations in the figures 1 to 3 with 95% confidence
band; being 80% of data in this narrow band, indicates is a reason for low uncertainty.

110 Annually .

0,95

0,80

Y (ton ha™?1)

0,65

0,50
100 150 200 250 300 350 400
Ra(mm)
Figure 1- Relationship between annual precipitation and yield of rainfed wheat (1980-2015)
Table 1- Drought parameters of Tabriz station duringn 1950-2015

Period Termination of Drought length (L, Drought

number Ol G el oL drought month) Severity (K) = el
Month Q)
1. May1952 January1953 8 0.44 354
2. October1954 April1955 6 1.18 7.1
3. February1958 November1958 9 0.05 0.53
4. July1959 July1960 12 0.97 11.73
5. May1961 April1962 11 117 12.97
6. January1964 January1965 7 1.32 9.24
7. October1974 September1975 11 0.38 4.24
8. February1978 May1978 3 1.16 3.49
9. February1983 September1984 19 0.59 11.23
10. April1985 April1986 12 0.51 6.19
11. April1987 October1987 6 0.82 4.94
12. January1989 May1992 40 0.32 12.94
13. February1995 November2001 81 0.21 16.99
14. May2003 April2004 11 0.76 8.38
15. March2006 October2006 7 0.51 3.59
16. September 2007 April2011 43 0.32 13.96
17. February2012 December2012 10 0.63 6.38
18. March 2013 November 2013 8 0.39 3.18
19. March 2015 Drought period continues until the end of the statistical period under review.
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Figure 2- Relationship between annual dry and yield of rainfed wheat (1980-2015)
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Figure 3- Relationship between annual wet periods with yield of rainfed wheat (1980-2015)
Table 2- Regression relations of historical precipitation,wet and drought spells with yield of
rainfed wheat (1980- 2015)

Time scale Model
Precipitation-yield Wet period-yield (MD> 0) Drought period-yield (MD <0)
Annual
Y =0.0014R, + 0.4135 Y =0.0016MD, + 0.667 Y =0.002MD, + 0.9637

The most important part of the wheat growing season in the study area is spring. According to
National Weather Service, the right amount of rainfall in spring is 115 to 170 mm for the completion
of reproductive growth stages. Based on figure 4, the highest and lowest seasonal normal
precipitation occurred in spring and summer, 97.46 and 15.74 mm, respectively, on the other hand
the deficit depth of spring precipitation [18-83 mm] is less than the amount that National Weather
Service recommended. Therefore, a supplemental irrigation about 50 mm is suggested to

compensate of spring rainfall limitation for more beneficial yield.
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Figure 4. Mean value of long-term seasonal precipitation, mm (1980-2015)

4. CONCLUSION

Global experiences infrequent droughts during the last decades, growing water demands and limited
source of water as well as spatiotemporal changes in climate patterns, call the methodologies for
drought analysis and adjustment of crop production to water shortage. To investigate the influence
of drought events on crop production, relationship between crop yield and water deficit during
drought periods should be studied. The Herbst method was used to perform the analysis. According
to our results in the last half century, 19 drought periods (with different durations) were identified.
The longest duration of drought was 81 months from February 1995 to November 2001. Results
showed that the effect of drought periods on rainfed wheat yield reduction was considerable,
specifically during spring, because flowering and seed formation stages lied in spring season.
Finally, it is recommended to investigate the effects of seasonal drought and wet periods and its
effects on wheat and other crops yield.
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ABSTRACT

Many researchers have been developing glass materials for radiation protection applications. This
study addresses a barium-calcium-boro-silicate (BCBS) glass to obtain high-performance radiation
shielding glass. Within the concept of this work, the effect of doping Gd203 into the BCBS glass
network was evaluated in terms of theoretical radiation shielding characteristics. The glass (50-
X)Si02+10B203+10Na20+10Ca0+15Ba0+5Zn0+xGd203, where x notifies 0, 5, and 10 mol%,
was accordingly designed. Besides that, some physical properties such as density and molar volume
were theoretically calculated to estimate the alterations. As a result of Phy-X/PSD calculations, one
can say that the additive-Gd203 resulted in enhanced radiation protection against low and high
photon energies. That is, mass attenuation coefficient (MAC) and effective atomic number (Zeff)
increased while the tenth-value layer (TVL) decreased when Gd203 entered the glass network. On
the other hand, glass density and molar volume parameters ascended from 3.2705 to 3.7465 g/cm3
and from 23.20 to 28.32 cm3/mol in subjection to the increasing Gd203 doping rate. Finally, the
comparison among alternative radiation shielding materials clearly demonstrated that Gd203
containing BCBS glass system has a promising result to compete with the others.

KEYWORDS: Gd203, Phy-X/PSD, Radiation protection, Glass density, Glass, Borosilicate

1. INTRODUCTION

The essentiality of radiation protection due to its hazardous impacts on human health is
unquestionable [1]. Researchers have relentlessly endeavored to develop alternative material
systems so that utmost protection can be guaranteed effectively. Despite the prevalence and
dominance of metallic lead, different materials such as alloys, polymers, or composites are proposed
by scientists [2], [3]. This is because metallic lead has a severe drawback: its toxicity to humans and
the environment. At least the scientific community has been evaluating various material systems to
eliminate metallic lead preference at lower or intermediate photon energy levels. Thus, it is critical
to say that great efforts have latterly been adored in radiation shielding applications.

If one searches for radiation shielding topics in different databases, it is not surprising to encounter
that the number of investigations has exponentially increased from the past to now. These studies
have probed multifarious materials, wide-ranging photon energy levels, and diverse irradiation in
terms of experimental, theoretical, and simulation perspectives. Among these, glass materials have
potentially emerged on account of their great advantages, including ease of preparation,
compositional variations, advanced optical features, and being environmentally friendly [4], [5].
Most specifically, its transparency in the visible light ensures glass materials be suggested as an
observation window; for instance, radiotherapy rooms equipped with a device capable of irradiation
must involve an openness to monitor the person inside [6]. Therefore, the authors can briefly state
that glass use in radiation shielding applications is mission critical.

After providing the importance of glass materials in radiation protection applications, it is worth
addressing different glass types preferred by researchers in the existing literature. At the beginning

37

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

of the investigations, many tried to compose lead oxide-containing glass recipes to exploit its high-
density value; however, the trend has progressively been changing toward lead-free compositions,
yet again, due to the harmful impacts of lead content [7], [8]. Borates, silicates, tellurites, or
phosphates have been explored as alternative glass types regarding radiation protection efficiency;
nevertheless, scientists have still continued to determine the optimum glass composition for serving
the needs against various irradiation sources and photon energies. In this sense, a familiar glass
system, boro-silicate (BS), seems a good choice because researchers have gained many experiences
in the BS system for nearly half a century [9]. Additionally, adding barium oxide and calcium oxide
into the BS glass network shall be regarded as an effective way to enhance glass properties. In the
final scenario, one can compose a barium-calcium-boro-silicate (BCBS) glass formulation for
fostering lead-free radiation shielding glass. Indeed, certain numbers of literature reports on BS glass
containing heavy-oxide contents are available, which is a strong motivation for the authors [10],
[11].

Based upon given facts about the BS glass system within the field of radiation protection, this
preliminary study comprises the glass formulation as follows:

(50-x)Si02+10B203+10Na20+10Ca0+15Ba0+5Zn0O+xGd203, where x: 0, 5, and 10 mol%.

After deciding on the glass design, some theoretical calculations on glass density and molar volume
were performed, while radiation shielding characteristics against different photon energies ranging
from 0.015 to 15 MeV were estimated via Phy-X/PSD. Further to those, a comparison among
alternative radiation shielding glass materials was fulfilled to highlight the superiorities of the
intended glass samples. Eventually, the authors revealed their findings with proper illustrations and
detailed discussions for extending the existing literature on lead-free glass systems.

2. MATERIALS & METHODS
Equations 1 and 2 were applied to calculate glass density and molar volume parameters within the
scope of theoretical physical property determinations.

Pgiass = Pi- fi 1)

where pi and fi denote the density and molar fraction of the ith constituent, respectively.

AMW
Vn = (2

Pglass

where AMW is the average molecular weight of the glass system.

To estimate the theoretical behavior of glass series against ionizing photons, we readily inputted the
glass formulas and the corresponding glass density values to the Phy-X/PSD software [12].
Afterward, the software computed the attenuation characteristics within 0.015 to 15 MeV photon
energy level. The formulas used for calculating mass attenuation coefficient (MAC), tenth-value
layer (TVL), and effective atomic number (Zeff) were principally figured out via Equations 3 to 5,
respectively.

LAC = MAC-pglass (3)

where LAC and MAC signify linear attenuation coefficient and mass attenuation coefficient,
respectively.
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2.303

TVL = e 4
7. = ZifiAi(%)i (5)
T (35

where Ai, fi, and Zi, represent atomic weight, fraction of ith element, and atomic number,
respectively.

3. RESULTS & DISCUSSIONS

Determining physical properties, particularly glass density (pglass), is essential before
understanding the radiation shielding characteristics. This is because the radiation shielding
computations primarily use glass formulation and the corresponding pglass value. From this
perspective, we theoretically calculated pglass and molar volume (Vm) parameters for our glass
systems, and the illustrations can be found in Figure 1. It is sharp enough that both parameters behave
in a similar trend toward increasing values as Gd203 replaces SiO2 in the BCBS glass network. In
a numerical sense, pglass increases from 3.27 to 3.75 g.cm-3 while Vm rises from 23.20 to 28.32
cm3.mol-1. For the case of pglass increment, we can simply associate it with the density differences
between the dopant and the substituted contents. On the other hand, the increase in Vm as a function
of Gd203 concentration may be attributed to the network modifier role of Gd203 in the BCBS glass
system. In the upshot, adding Gd203 to enhance physical properties is sensible.

Glass density (g/cm?)
>
Molar volume (cm®/mol)

v - -+ - -

5
Gd,0, concentration (mol%)

Figure 1. The variations in glass density and molar volume as a function of Gd203 concentration.

After presenting the physical property findings, one can discuss radiation shielding abilities based
on Phy-X/PSD computations. Figure 2 plots the change in MAC parameter against varying photon
energies for our glass series. The increasing photon energy from 0.015 to 15 MeV occasionate the
MAC parameter to decrease. The MAC parameter is high, namely around 60 cm2/g, in the lower
photon energy; however, a sharp decrease is visible in the intermediate and high photon energy
levels. On the other hand, the decrement can decelerate due to introducing Gd203 content to the
BCBS glass network. According to the illustration, the G3 sample has a higher MAC value at almost
all photon energies, which is highly desired for effective protection. One can find analogical reports
regarding the Gd203 effect on MAC increment in the literature studies [13], [14]. Last but not least,
the reason for this increment can be linked to the higher molecular weight of Gd203 (362.50 g.mol-
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1) compared to SiO2 (60.08 g.mol-1) content. Therefore, we can conclude that Gd203 improves the
protection abilities against photon energies.

- 31
100 .02
33

MAC (cmi/g)

i 001 ’ 0.1
Photon energy (MeV)
Figure 2. The change in MAC parameter against varying photon energies for our glass series.

Many other parameters can be derived based on LAC and MAC findings in the radiation shielding
concept. One of the noteworthy parameters, the tenth-value layer (TVL), is used for attaining the
thickness value at which the incident photon's initial energy is attenuated down to 90% [15]. Figure
3 demonstrates photon energy versus TVL thickness for our glass systems in this regard. We observe
an increasing trend in TVL values as a function of increasing photon energy, this phenomenon
occurs to attenuate more photons. When it comes to assessing the benefits of Gd203 addition, we
can say that it vails to decrease the TVL thickness, which is a fairly optable consequence. As a result,
inserting Gd203 aids TVL to decrease, which in turn, more photons can effectively be attenuated.

—=—CGl1
100 —— G2
——G3
10 4
£
o
= 14
-
>
'_
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0.01 0.1 1 10

Photon energy (MeV)
Figure 3. Photon energy versus TVL thickness for our glass systems.

When heavy-oxide contents are introduced to the glass network in radiation shielding applications,
the effective atomic number (Zeff) parameter is supposed to be evaluated. In addition, we know that
the parameter Zeff is expected to be as high as possible because this will lead to enhancement in
more photon-matter interaction. In Figure 4, we draw the variations in Zeff as a variable of
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increasing photon energy level in our glass series. It is essential to mention that Zeff behaves in an
increasing trend as low photon energies emerge; however, this trend changes towards intermediate
photon energies. Finally, Zeff begins to increase through high photon energies. These alternations
may be attributed to the photoelectric effect, Compton scattering, and pair production processes [16].
From the point of Gd203 addition, we can mention its effectiveness on Zeff improvement since G3
has higher Zeff values than others in all photon energy levels. For this reason, Zeff can be advanced
by adding Gd203.
- 1

> GJ
80

al

Photon energy (MeV)
Figure 4. The variations in Zeff as a variable of increasing photon energy level in our glass series.

Thus far, we theoretically estimated some notable radiation shielding parameters by evaluating the
alterations as functions of photon energy level and Gd203 insertion ratio. Nonetheless, it is critical
to compare the findings with commercially available radiation shielding glass materials for more
clarification. To achieve this aim, Figure 5 reveals a benchmarking diagram, for Schott products
(RS360 and RS 323 G19), ordinary soda-lime glass (SLS), and our targetted glass series, with
respect to the TVL thicknesses at 662 keV photon energy level [17], [18]. Apparently observed that
G3 has a lower TVL thickness, except for RS360 (containing lead oxide), compared to the others.
That, on the other hand, means it has a good potential to replace existing commercial products,
indeed, with a lead-free glass formulation. Therefore, we can emphasize its promising potency for
radiation protection purposes.

§
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o
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Figure 5. A benchmarking diagram with respect to the TVL thicknesses at 662 keV photon energy
level.
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4. CONCLUSIONS

In this study, we addressed a barium-calcium-boro-silicate (BCBS) glass system and doped Gd203
content into the BCBS glass network theoretically. After designing glass formulations, we
theoretically performed glass density and molar volume calculations while Phy-X/PSD software
provided to estimate some essential radiation protection parameters. We found that pglass increases
from 3.27 to 3.75 g.cm-3 while Vm rises from 23.20 to 28.32 cm3.mol-1. On the other hand, the
increasing photon energy from 0.015 to 15 MeV occasionated the MAC parameter to decrease. This
decrement could be decelerated due to introducing Gd203 content to the BCBS glass network.
When assessing the benefits of Gd203 addition, we reported that it vailed to decrease the TVL
thickness, which was a fairly optable consequence. From the point of Gd203 addition, we mentioned
its effectiveness on Zeff improvement since G3 had higher Zeff values than others in all photon
energy levels. Lastly, a benchmarking diagram, for Schott products (RS360 and RS 323 G19),
ordinary soda-lime glass (SLS), and our targetted glass series, with respect to the TVL thicknesses
at 662 keV photon energy level was carried out. We concluded that the G3 sample had a good
potential to replace existing commercial products, indeed, with a lead-free glass formulation.

ACKNOWLEDGMENT

The authors would like to thank the financial support from The Scientific and Technological Research Council
of Turkey (TUBITAK) with the program of 1005-National New Ideas and New Products Research Funding
Program under contract number 121MO096.

REFERENCES

[1] G. Lakshminarayana et al., “Detailed inspection of y-ray, fast and thermal neutrons shielding
competence of calcium oxide or strontium oxide comprising bismuth borate glasses,” Materials
(Basel)., vol. 14, no. 9, May 2021, doi: 10.3390/MA14092265.

[2] S. M. Hulbert and K. A. Carlson, “Is lead dust within nuclear medicine departments a hazard to
pediatric patients?,” J. Nucl. Med. Technol., vol. 37, no. 3, pp. 170-172, Sep. 2009, doi:
10.2967/jnmt.109.062281.

[3] M. F. Turhan et al., “Gamma radiation shielding performance of CuxAg(1-x)-alloys:
Experimental, theoretical and simulation results,” Prog. Nucl. Energy, vol. 143, p. 104036, Jan.
2022, doi: 10.1016/J.PNUCENE.2021.104036.

[4] Z. Nur, K. Recep, K. Nilgun, and D. Taner, “Barium - lead - borosilicate glass containing
lanthanum oxide : fabrication , physical properties , and photon shielding characteristics,” Appl.
Phys. A, pp. 1-10, 2022, doi: 10.1007/s00339-022-05285-7.

[5] R. Kurtulus, C. Kurtulus, and T. Kavas, “Nuclear radiation shielding characteristics and physical,
optical, mechanical, and thermal properties of lithium-borotellurite glass doped with Rb20,”
Prog. Nucl. Energy, vol. 141, Nov. 2021, doi: 10.1016/J.PNUCENE.2021.103961.

[6] M. Almatari, “Gamma radiation shielding properties of glasses within the TeO2-TiO2-ZnO
system,” Radiochim. Acta, vol. 107, no. 6, pp. 517-522, 2019, doi: 10.1515/ract-2018-3058.

[7] N. Singh, K. J. Singh, K. Singh, and H. Singh, “Gamma-ray attenuation studies of PbO-BaO-
B203 glass system,” Radiat. Meas.,, vol. 41, no. 1, pp. 84-88, 2006, doi:
10.1016/j.radmeas.2004.09.0009.

[8] J. Kaewkhao, A. Pokaipisit, and P. Limsuwan, “Study on borate glass system containing with
Bi203 and BaO for gamma-rays shielding materials: Comparison with PbO,” J. Nucl. Mater.,
vol. 399, no. 1, pp. 38-40, Apr. 2010, doi: 10.1016/j.jnucmat.2009.12.020.

[9] B. KARASU, O. BEREKET, E. BIRYAN, and D. SANOGLU, “The Latest Developments in
Glass Science and Technology,” El-Cezeri Fen ve Miihendislik Derg., vol. 4, no. 2, pp. 209-233,
2017, doi: 10.31202/ecjse.318204.

42

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

[10] V. E. Eremyashev, D. A. Zherebtsov, L. M. Osipova, and M. V. Brazhnikov, “Effect of
Calcium, Barium, and Strontium on the Thermal Properties of Borosilicate Glasses,” Glas.
Ceram. (English Transl. Steklo i Keramika), vol. 74, pp. 1-4, 2018, doi: 10.1007/s10717-018-
9991-y.

[11] R. Kurtulus, T. Kavas, 1. Akkurt, K. Gunoglu, H. O. Tekin, and C. Kurtulus, “A comprehensive
study on novel alumino-borosilicate glass reinforced with Bi2O3 for radiation shielding,” J.
Mater. Sci. Mater. Electron., vol. 32, pp. 13882-13896, 2021.

[12] E. Sakar, O. F. Ozpolat, B. Alim, M. 1. Sayyed, and M. Kurudirek, “Phy-X / PSD: Development
of a user friendly online software for calculation of parameters relevant to radiation shielding
and dosimetry,” Radiat. Phys. Chem., vol. 166, no. August 2019, 2020, doi:
10.1016/j.radphyschem.2019.108496.

[13] E. Kaewnuam, N. Wantana, S. Tanusilp, K. Kurosaki, P. Limkitjaroenporn, and J. Kaewkhao,
“The influence of Gd203 on shielding, thermal and luminescence properties of WO3-Gd203—
B203 glass for radiation shielding and detection material,” Radiat. Phys. Chem., vol. 190, Jan.
2022, doi: 10.1016/J.RADPHYSCHEM.2021.109805.

[14] N. Intachai et al., “Effect of Gd203 on radiation shielding, physical and optical properties of
sodium borosilicate glass system,” Radiat. Phys. Chem., vol. 199, p. 110361, Oct. 2022, doi:
10.1016/J.RADPHYSCHEM.2022.110361.

[15] N. Al-Harbi et al., “Understanding the role of Bi203 in the P205-CaO-Na20-K20 glass
system in terms of physical, structural and radiation shielding properties,” J. Mater. Sci. Mater.
Electron., pp. 11649-11665, 2021, doi: 10.1007/s10854-021-05775-z.

[16] G. Lakshminarayana et al., “Comparative assessment of fast and thermal neutrons and gamma
radiation protection qualities combined with mechanical factors of different borate-based glass
systems,” Results Phys., vol. 37, Jun. 2022, doi: 10.1016/J.RINP.2022.105527.

[17] Schott, “http://www.schott.com/advanced_optics/english/products/opticalmaterials/ special-
materials/radiation-shielding-glasses/index.html. (Accesed 03 September 2018), (2018).
http://www.schott.com/advanced_optics/english/products/opticalmaterials/%0Aspecial-mate,”
2018.

[18] R. Kurtulus and T. Kavas, “Investigation on the physical properties, shielding parameters, glass
formation ability, and cost analysis for waste soda-lime-silica (SLS) glass containing SrO,”
Radiat.  Phys. Chem., vol. 176, no. May, p. 109090, 2020, doi:
10.1016/j.radphyschem.2020.109090.

43

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

Design And Analysis Of The Boarding Ladder Used On Ships By Finite
Element Method

Serap OZHAN DOGANY", Burak Galip ANIKZ Umut GOKTAS?®
! Department of Mechanical Engineering, Beykent University, Istanbul/ TURKEY
2 R&D Manager, Tersan Shipyard, Yalova/TURKEY
3 R&D Engineer, Tersan Shipyard, Yalova/TURKEY
erapdogan@beykent.edu.tr

ABSTRACT
Designing a ship must meet the standard requirements for the ship's class and be safe for the working
crew and passengers. For this reason, the safety factor should be taken at the highest value.
The aim of this research is to analyze the boarding ladder used on the NB 1093 and NB 1094 ships
using the finite element method and to decide whether the ladder is safe or not as a result of this
analysis. This research took place in several stages. First, the ladder was designed in real dimensions
using Rhinoceros, a three-dimensional design program, then the HEXAGON finite element analysis
program, the analysis type, the material to be used in the analysis were selected, the places where
the ladder would be fixed were selected and the necessary force was applied to the ladder. The
simulation was run, and the stress values and stress values were reached as a result of the simulation.
After fixing the ladder from the determined points, a force of 4.00E-3 MPa was applied and as a
result, a displacement of 4.34 mm in the whole structure and 2.21 mm on the step surface occurred.
A maximum stress of 168 MPa occurred under a force of 4.00E-3 MPa (in the entire structure). On
the step surface, the maximum stress value of 22.5 MPa was obtained. As a result of the calculations;
The safety factor of the building was calculated as 2.1 and the safety factor for the stair step was
calculated as 15.5. As a result of the analysis, it was determined that the safety factor of the boarding
ladder was above 2. Thus, the designed system is correct and safe.
KEYWORDS: Boarding ladder, design and analysis, safety factor in boarding ladders

1. INTRODUCTION

Sea transportation is widely used especially in international transportation. Most of the world trade,
around 90%, is carried out by maritime transport [1].

The boarding ladder is a ladder used to enter and exit a ship. Boarding ladders used on commercial
ships, including cruise ships, ensure that passengers and crew are safely on board and off the ship
[2].

The boarding ladder is a temporary access mechanism between the ship and the port or platform. It
provides safe transfer of people. It can be produced from a variety of materials such as steel,
aluminum, wood, fiberglass or carbon fiber. It can be operated using manual, hydraulic, pneumatic
or electromechanical power systems. In addition, according to SOLAS (International Convention
for the Safety of Life at Sea) to design requirements such as length, person or load capacity and
safety factor; safety rules, adequate walking path width, lighting and handrails are taken into account
[3].

I1SO 5488:2015 specifies the requirements and test method for life ladders used on commercial ships
(excluding passenger ships) to ensure safe embarkation and disembarkation of crew and pilots [4].
In this study, the design of the boarding ladder was made according to the scope of 1SO-5488-2015
standards. Static analysis is a type of analysis widely used in many industrial areas such as aviation,
robotics, vehicle, construction, machinery and shipbuilding industries to determine whether it is safe
or not, allowing us to examine the load on the structure or the effect of any external effect on the
structure [5]. In order to determine the safety of the design, static structural analyzes are made under
the specified loads, and the results are examined and evaluated.
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The safety factor is one of the most important factors that enable us to decide whether a structure is
safe or not.

cSyield

Safety factor =

Omax Von—Mises

The safety factor is found by dividing the yield strength (yield strength) of the material we use by
the maximum Von Miles value occurring in the structure.

1.1. Boarding Ladder Types
Boarding ladder types are determined by building material, mounting position, walkway stages, and
extra-specific purposes. The choice of material is as important as the design of the boarding laders.
Since there will be contact with water, the design and manufacture of the ladder should be made by
choosing materials that are resistant to corrosion (rusting, decay, etc.), including fittings, nuts and
bolts. In addition, the entire boarding ladder should be protected with a special galvanized paint.

1.1.1. Foldable Boarding Ladder
Foldable ladders provide the advantage of compactness thanks to folding mechanisms. They are
generally used where space is limited. Figure 1 below shows a typical collapsible boarding ladder.
This mechanism is formed by connecting two parts to each other at the joints.

Figure 1: Foldable boarding ladder Figure 2: Telescopic boarding ladder

1.1.2. Telescopic Boarding Ladder
Telescopic boarding ladders take up the least space and are the most commonly used ladders on
small ships. A simple telescopic ladder has at least two parts that slide longitudinally through an
actuator (a type of motor that controls the mechanism). Thus, the length of the pier can be easily
adjusted according to the space between the ship and the port. It shows a simple telescopic scaffold
in Figure-2 below.

1.1.3. Spiral Boarding Ladder
The spiral boarding ladder is distinguished from the others by its ability to rotate. It basically consists
of two concentrically interlocking parts, one of which is a fixed part with respect to the other,
allowing the moving part to rotate via a rotary actuator mechanism. A typical spiral boarding ladder
is shown in Figure-3 below.
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2. DESIGN AND ANALYSIS OF BOARDING LADDER FOR NB 1093 AND NB 1094 SHIPS
Throughout this study, Rhinoceros was used as a computer aided design (CAD) program for 3D
design and assembly.

handrails

Figure 3: Spiral boarding ladder

2.1. Determining Design Requirements
This scaffolding was designed according to the scope of ISO-5488-2015 standards. The main criteria
determined for the design are listed below.
* The inclination angle of the ladder shall not be greater than 55° unless there is a special situation.
* For the safe transportation of people, the width of the walkway will be at least 600mm and the
height of the handrail will be at least 2000mm.
* The distance between adjacent piers shall not be more than 1500 mm.
* The connection points of the ladder and ladder will be designed in a way that can safely carry a
load of 4000N/m2 and the ladder's own weight.
* The height difference between the steps on the ladder shall not be less than 300mm and not more
than 350mm.
* The safety factor shall not be less than 2 for the allowable voltage in the ladder design with the
specified loading.
« It will be designed as an articulated ladder and in principle it will have a spiral boarding ladder
system.
Below are the technical drawings of the designed boarding ladder.

2.2. Material Selection
Material selection was made taking into account seawater corrosion resistance, abrasion, strength,
durability, machining, polishability and accessibility. Among them, water corrosion is an important
issue for marine applications. Corrosion is an important factor affecting both the life of the designed
product and the maintenance cost due to its mechanical and chemical effects. For this reason, the
properties of the selected material are shared in Table-1 for the ladder and other parts.
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Figure 4: Technical drawing of boarding ladder
Table 1: Properties of the selected material
Physical Properties Metric
Density 7.80g/cc
Physical Properties Metric
Tensile Strength, Ultimate 490-620 MPa
Tensile Strength, Yield 360MPa
Elangation at Break 19%
22%
Modulus of Elasticity 200GPa
Bulk Modulus 160GPa
Poissons Ratio 0.29
Shear Modulus 80.0 GPa

2.3. Static Analysis
The design of the pier used in NB 1093 — NB 1094 ships was made using static analysis. It should
be noted that this process is an iterative process. In other words, the scaffolding design has been
modified many times to meet the design requirements. In our designed work, position and force
analysis is also done repeatedly until the design requirements are met. The analyzes made within the
scope of the study were carried out using the HEXAGON analysis program.
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Static structural analysis of the boarding ladder assembly designed with Rhinoceros was performed
using the HEXAGON Workbench to determine the displacements in the scaffold, stresses due to
gravity and external loading, and hence safety factors.

The selected materials were then defined on the ladder to be used on NB 1093 — NB 1094 ships. The
next step is networking. To solve the mathematical model, the geometry must be discretized. For
this purpose, the product geometry designed with the mesh creation tool is divided into finite
elements. The nodes in the structure are connected by lines and form the mesh of complex geometry.
Differential equations are solved numerically by the finite element method. Finally, the network
model of the scaffold was obtained.

In the other stage, the points where the ladder will be fixed and the force and direction of force to
be applied are selected. Force and force direction are applied according to the worst case scenario.
According to 1SO-5488-2015 rules, the safety factor should not be less than 2 when 4000Pa force is
applied to the structure.

Tx, Ty, Tz Rx, Ry, Rz

4.00E-003 MPa

Figure 7: The points where the ladder is fixed and the force directions to be applied

3. RESULTS
Analyzes were made for validation studies on the designed product. Obtained results are given
below.

3.1. Displacement
Displacement is the change in position of a particle or object. The first location of the designed
product is accepted as a reference and the distance between the first and last location has been
measured.
After the boarding ladder was fixed at the points indicated in Figure-7, a force of 4.00E-3 MPa was
applied. As a result, a displacement of 4.34mm in the entire structure was achieved. A displacement
of 2.21mm occurred on the step surface. These displacements are shared in Figure-8 and Figure-9.
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Figure 9: Max. displacement of 2.21mm on the rungs of the ladder

3.2. Stress — Strain
By applying a force of 4.00E-3MPa to the structure, its response under this load was examined. A
maximum stress of 168MPa occurred throughout the structure. The result of this stress occurring in
the entire structure is shared in Figure-10 below. The maximum stress obtained on the step surface
was determined as 22.5MPa. This result is shared in Figure 11.

4. DISCUSSION

In order to understand whether a structure is safe or not, the safety factor of the structure can be
calculated with the help of the formula shared above. In line with the results obtained, it was checked
whether it met the safety factor.

The safety factor for the boarding ladder analyzed in the study is 2. After the calculation, if the safety
factor is below 2, the building will be considered unsafe and the design of the building will be
reviewed. If the safety factor is greater than 2, the building will be considered safe. Table-1 shows
that the yield strength of the material we use in our construction is 350MPa. It was determined in
the results obtained in Figure-10 that the maximum Von-Mises stress occurring in our structure was
168MPa. After the calculation, the safety factor of the building was calculated as 2.1. The ladder
stress of the structure was determined as 22.5MPa in the results in Figure-11. In the calculation made
with the same formula, the safety factor for the stair step was calculated as 15.5.

As a result of the analysis, it has been seen that the boarding ladder used in NB 1093 - NB 1094
ships will be used safely because the safety factor is above 2.
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111 My

Figure 11: Maximum stress results achieved on steps
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ABSTRACT
In order to increase the efficiency of solar cells, tandem solar cells consisting of two or three solar
cells have been studied in recent years. In order to obtain high efficiency tandem solar cells, the
structure and quality of the sub solar cell are of great importance. Also, theoretical work is needed
to confirm the efficiency of these sub-solar cells. At this point, the SCAPS-1D (Solar Cell
Capacitance Simulator—one dimension) package program is used to calculate the photovoltaic
parameters of heterojunction thin film solar cells.
In this study, we modelled the CZTS/ZnO thin film solar cell produced with CZTS thin film, whose
contribution to the efficiency of the Si-based solar cell (produced using a pulse laser deposition
system) was confirmed, using the SCAPS-1D program. It was determined that the generation rate
characteristic of the thin film solar cell. In addition, the optimal photovoltaic parameters of the solar
cell were calculated depending on the interface defect density, operating temperature and
recombination coefficients.
KEYWORDS - thin film, solar cell, simulation program

1. INTRODUCTION

In recent years, Cu,ZnSnS4 (CZTS) is an alternative material to solar cells Culn,Gag-»S2 (CIGS)[1]
and CdTe, which is dominantly used in the photovoltaic market[2]. CZTS material is that p type
semiconductor which is very advantageous to be used in the production of solar cells because it has
a high absorption coefficient, low cost and environmental friendliness. Generally, CZTS forms a p-
n heterojunction thin-film solar cell with n-type CdS semiconductor. In addition, CZTS material can
be combined with n type semiconductor such as ZnO, ZnS to form p-n junction thin film solar cell.
Furthermore, the heterojunction solar cell is produced by depositing the CZTS thin film on the n-
type Si wafer[3].

Photovoltaic performances of solar cells can be determined using the SCAPS-1D simulation
program. Photovoltaic parameters of the solar cell that can be calculated depending on physical
parameters such as electron/hole capture coefficients of the layers forming solar cells, shallow
acceptor/donor defect density, interlayer defect density, and operating temperature. Thus, the
possible efficiency of the solar cells to be produced is calculated or the efficiency of the
experimentally produced solar cells is verified [1, 4, 5].

In our previous publication, we produced a CZTS/n-Si heterojunction solar cell and theoretically
verified the efficiency of the solar cell using the SCAPS-1D program[4]. In this study, we
constructed the CZTS/n-ZnO heterojunction thin film solar cell by the same CZTS thin film that we
produced in our previous study, using the SCAPS-1D program and calculated the its photovoltaic
parameters. The possible performance of the solar cell is discussed in detail in the publication.
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2. METHODOLOGY

The CZTS thin film used in CZTS/n-ZnO heterojunction solar cell that was produced by Pulse Laser
Deposition (PLD) technique, and its experimental production details and morphological, crystalline
and optical properties were given in detail in our previous article[4]. The equations and detailed
information used in the SCAPS-1D program used in the modelling of CZTS/n-ZnO solar cell are
also expressed in our previous study[4].

2.1 Modelling of Mo/CZTS/n-ZnO/AZO thin film solar cell by SCAPS-1S program

a)

Light

i ey Sl
R
- s’ N mtre e |

et ety |

= b

Figure. 1. a) Schematic view and b) structure of the modelled of Mo/CZTS/n-ZnO/AZQO solar cell
In the study, Mo/CZTS/n-ZnO/AZO solar cell was modelled using the SCAPS-1d program, as seen
in Figure. 1. In the layers that form this solar cell, Molybdenum (Mo) is back contact, CZTS is active
layer, n-ZnO (Zinc Oxide) is buffer layer (n type transparent oxide semiconductor), AZO
(Aluminium doped Zinc Oxide) is transparent conductivity oxide layer (electrode). The band gap of
CZTS thin film in 212 nm thickness that is 1.56 eV. Film thickness, band gap, absorption coefficient
file related to this thin film were determined experimentally and entered into SCAPS-1D
program[4]. In addition, all physical parameters related to this and other semiconductors are given
in Table 1.

Table 1. The layer’s physical parameter in modelled CZTS/n-ZnO heterojunction solar cell

Layers AZO[6] n-ZnO[7] CZTS[4]
Band Gap (eV) 3.3 3.3 1.56
Electron affinity (eV) 4.6 4.6 3.9
Dielectric permittivity (relative) 9 9 6.5
CB effective density of states (cm) 2.20x10%8 2.20x10% 2.20x10%8
VB effective density of states (cm™) 1.80x10%° 1.80x10% 1.80x10%°
Electron/Hole thermal velocity (cm/s) 1.00x107 1.00x107 1.00x107
Electron/Hole mobility (cm?/Vs) 100/25 100/25 26/10
Shallow donor density (cm™) 1.00x10% 1.00x10% 0
Shallow acceptor density (cm) 0 0 8.00x10%
Thickness (nm) 100 50 210
Contacts Back Contact (Mo)

Metal work function(eV) 5.00

Surface recombination velocity of electrons (cm/s) 1x10°

Surface recombination velocity of holes (cm/s) 1x107
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Fig. 2. a) Band diagram and b) the generation rate graph of Mo/CZTS/n-ZnO/AZO solar cell

2.2 Band gap diagram and the generation rate of Mo/CZTS/n-ZnO/AZO thin film solar
cell
In the band diagram given in Figure. 2a, there is a cliff-like band structure between CZTS and n-
Zn0 semiconductors[8]. Electron charge transfer can easily occur from the conduction band of the
CZTS semiconductor to the conduction band of the ZnO semiconductor. This increases charge
aggregation in the solar cell. However, the charge transition from the valence band of ZnO
semiconductor in 3.3 eV wide band gap to the valence band of the CZTS semiconductor in 1.56 eV
band gap can be limited or recombination may occur and this can adversely affect charge
aggregation.
According to the generation rate graph in Figure. 2b, a high number of photo-excited charge carriers
were formed in the CZTS absorber layer. While the generation rate was 2.23x10%2 1/cm?.s at the
boundary of the deplation region and inside CZTS semiconductor, this ratio decreased to 6.22x10%
1/cm?3.s behind the CZTS. Because, while more light diffuses into the deplation region, the light
diffusivity behind the semiconductor is less and hence the number of photo-excited charge carriers
is less[9, 10]. Since n-ZnO and AZO transparent oxide layers are very transparent and transmit light
at a high rate, charge generation rates in these layers are very low.

2.3 The interface defect density (N¢)’s effect on CZTS/n-ZnO heterojunction solar cell

041 ) 185 b)
a ————
042 N\ 384
\ ~382 Ll
0.8 \ 3
- \ E 18
2 \ <
i <8
> \ Ews
\ .
042 \ =34
\ m2
oA \ S
\ 0
042 %3
W oW w0 e 00 e s s T . I
N, (em”) N, (cm?)
53

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

. 0 » d)
U5 446
% LR
527 s 54.‘2 ’
w J c
n 44
R A
%5 438 ——
v
% 4,36
w W bl w W W w w 10 100 10 b1 L 0" >
N, (om ) N, (em?)
V, (V)
e a0 01 0I5 02 OF 03 oW o4 e
o »
/ e)
5 o

J_ (mA/cm?)
e
|

" »

40
Figure. 3. Effects of N values on photovoltaic parameters of CZTS/n-ZnO solar cell

The interface defects can be caused by mismatch band alignment between two semiconductors,
hanging bonds, and lattice mismatch between two semiconductors. The interface defect density has
a significant effect on the photovoltaic parameters of the solar cell[11]. As seen in Figure. 3a and
3b, in Ne= 10%-10% cm range, Vo and Js values were almost constant at 0.4265 V and 38.49
mA/cm?, respectively. As the N; value increased from103-10%° cm3, Vo and Js; decreased to 0.4204
V and to 37.05 mA/cm?, respectively [12-14]. When the N value risen from 10°-10% c¢cm3, the FF
and n values increased from 26.31% to 28.72% and from 4.38% to 4.47% respectively. The
possibility of a high maximum power point of the J-V curve can result in high FF and 1 values.

2.4 Auger electron/hole capture coefficient’s effect on on CZTS/n-ZnO heterojunction
solar cell
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Figure. 4. The effect of Auger electron capture coefficient on the photovoltaic parameters of
CZTS/n-ZnO heterojunction solar cell

Figure.4 which presents that the effect of Auger electron capture coefficient (AECC) on the
photovoltaic parameter of the solar cell. When electrons and holes recombine, the generated excess
energy is not transferred to photons, but to electrons and holes to be excited to higher energy states
in the same band [15, 16]. No radiation occurs in this process and the event is called as the Auger
recombination. For AECC, in the range of 102 and 10 cm®/s, Vo and Js did not change
significantly, but when AECC was increased from 10-2° cmé/s to 10 cmé/s, they decreased to from
0.420 V and 0.162 V and from 37.05 mA/cm? to 1.25 mA/cm?, respectively. AECC parameter was
from 1024 cm®/s to 10 cm®/s, FF and n which were decreased from 28.72% to 17.2% and from
4.47% to 0.04%, respectively.
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Figure. 5. The effect of AECC values on Recombination vs Position curve

According to Figure. 5 (a-d), For AECC=10"%, 10-%%, 10-?4, 10"22 cm®/s, the maximum recombination
values are obtained to be 1.0583x10%, 1.0582x10%8, 1.0526x10%, 9.214x10%* 1/cm3.s on
x=0.207863 um position, respectively. For AECC=10%, 10-*® cm¥/s, since the recombination values
exceeded the charge formation values, the peaking on x=0.207863 pum that decreased and the
maximum recombination were determined to be 5.0321x10% 1/cm®.s and 9.3139x10% 1/cmd.s on
x=0.210 um. As a result, while the AECC value increased, the recombination value increased

significantly.
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Figure. 6. The effect of Auger hole capture coefficient on the photovoltaic parameters of CZTS/n-
ZnO heterojunction solar cell

The effect of Auger hole capture coefficient (AHCC) on the photovoltaic parameters of CZTS/n-
Zn0 heterojunction solar cell that is given in Figure. 6. While AHCC values were in the range of
1024-10%° ¢cmb/s, V¢, Jsc, FF and 1 values did not change, when AHCC increased from 102 cmé/s
to 10 cm®/s, these values decreased from 0.420 V to 0.250 V, from 37.05 mA/cm? to 0,91 mA/cm?,
from 28.72% to 18.11% and from 4.47% to 0.04%, respectively.

As seen in Figure. 7, for AHCC=10"8 107¢ and 10** cm®s, the recombination values are
1.1832x10%7, 1.1820x10%°, 1.1018x10%* 1/cm3.s on x=0.207594 um, respectively. To 102, 10-1° and
10 cm®s, the recombination values that are determined to be 5.1135x10%, 1.0829x10%,
1.5031x10% 1/cm®.s on x=0.210 pm, respectively and the peaking on a decreased due to charge
formation. Also, for AECC and higher AHCC, close recombination has occurred.

L& LES
a) - b)
T LML 3% St
[3 E
5 17 s 1519
£ m:as . § %
- . -
- -
£ 1 * £ s
) ]
-
ﬁ e . E &8
¢ : g
£ Ml E xas
- R P et -~ 10 " o'y
0 0
0 4% O3 AL 0N 82 OM ON R oM 0 008 008 0L O 02 OM 0 OR 0N
Position (um) Position (am)
Lt
) ¢) %2 d)
" -
- 121 -
£ )
= ; ol
5 ¢l S=a2
> 640 + ._;
£ | g
E 6 | e
-] | o
1 \ e
& 20 | gu.n
|~ AHCCA0 e —O— T o'
L] e e—
°
0 ot 008 A1 0 02 OM 02 01 03% E 00t G5 AU N B2 O3 oM AU 4%
Position (um) -

Postion (jam)

57

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022

29-31 October 2022, Antalya-TURKEY

L

Recombination (1/cm”.s)
= 5 = =
&~ ~ ~ ~
= = = -]
-

=
3

~

=

- RHCLS10 ¥ ewify
e
00 208 12 0 02 oM OB OR 0N
Position [um)

L3

s

Recombination (1/em

:
]

B
&

Lo

&0

&

=D

[

.
’
4
.
’
’

0 oM O Al ax 2 am

f)

—D= ANIL3 N

0N AR Aw

Postion (um)
Figure. 7. The effect of AHCC values on Recombination vs Position curve

2.5 The operating temperature’s effect on the photovoltaic parameter of CZTS/n-ZnO

heterojunction solar cell

As the operating temperature increases, the band gap and depletion width that decrease. Thus,
recombination and charge accumulation at the depletion region can be reduced[17, 18]. Also, with
increasing operating temperature, charge carriers can move inconsistently and form undesirable
defects. As a result, these factors adversely affect the solar cell's operating performance and reduce
its power conversion efficiency. At this point, as seen in the Figure. 8, as the operating temperature
is increased from 240 K to 360 K, Vo, Jsc, FF and n photovoltaic parameters that decrease from
0,4634 V to 0,3702 V, from 38,48 mA/cm? to 33,56 mA/cm?, from 30,32% to 25,39% and from

5,41% to 3,15%, respectively
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Figure. 8. The effect of AHCC values on Recombination vs Position curve

4. CONCLUSION

Mo/CZTS/n-ZnO/AZO solar cell has been modelled via SCAPS-1D program. A cliff-like band
structure has been formed between the CZTS and n-ZnO semiconductors. While the generation rate
was 2.23x1022 1/cm3.s at the boundary of the deplation region and inside CZTS semiconductor,
this ratio decreased to 6.22x1021 1/cm3.s behind the CZTS. With the increase of Ny, Voc and Jsc
that decreased, FF and n that increased. While electron/hole capture coefficients are increased, the
photovoltaic performance deteriorates and efficiency is reduced. High temperature causes a decrease
in the efficiency of CZTS/n-ZnO solar cell.
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ABSTRACT

In recent years, the use of concrete and steel construction materials has been increasing with the
increasing need for construction. The use of laminated wood elements, especially in the construction
of large buildings, provides a great advantage both from an environmental and technical point of
view. Which is very rich in forests, the preference of wooden elements will not only support local
economies, but also contribute to the country's economy, environmental health and architectural
diversity. In parallel with the application of various techniques that allow the change of wood
material within the body, the construction possibilities have also expanded. In a comparison to be
made in terms of structural wood produced, it can be said that especially glued laminated wood has
not yet fully developed, so traditional building systems still continue in construction organizations.
In this context, national and international literature review of glued laminated wooden building
elements was conducted. In the literature review, the usage areas, production stages and especially
the experimental studies of glued laminated timber were emphasized. When the studies were
examined, it was determined that the flexural properties of laminated beams were better than solid
beams. Creating laminated wood elements with the lamination technique has significantly increased
the value of wood material, thanks to its better physical and mechanical properties, by reducing the
negative aspects of the natural growth process of wood.

KEYWORDS - Wood materials, glulam, flexural properties, composite materials

1. INTRODUCTION

Nowadays, plantation forestry constitutes a large part of modern world forestry. Natural forests with
old trees are rapidly decreasing as a result of large amounts of harvest and destruction due to the
increasing demand in the world, and these losses are tried to be compensated by plantations. This
means that the need for industrial wood raw materials is mostly supplied from man-made forests.
Annual increment in such forests; spacing, irrigation, fertilization, drainage, pruning, maintenance
cuttings, etc. can be brought to the highest level with measures [1,2]. Although fast-growing species
afforestation has an important potential to meet the ever-increasing wood raw material need of the
forestry industry, there are generally quality problems in wood raw materials obtained from such
afforestation. The main reason for the quality problems is that fast growing woods are mostly
composed of young wood, have poor dimensional stability, low density and low flexural strength.
For this reason, wood raw materials obtained from such afforestation are generally evaluated in the
cellulose and fiber-chip industry [3].

Developments in glue and lamination technology have provided important opportunities for
obtaining high quality and value-added products from low quality, low resistance and cheap wood
raw materials. Lamination can be generally defined as a multi-layer material production technique
[4]. The main purpose of this production is to improve the properties of the resulting composite
product such as resistance, stability, sound and heat insulation, and appearance. Lamination has an
important place in the production of engineered wood construction materials such as glulam,
Laminated Veneer Lumber (LVL), Particle Strand Lumber (PSL) and Laminated Strand Lumber
(LSL) [5]. In addition to the above-mentioned benefits, lamination in wood to be used structurally
is extremely important in that it allows the use of low-quality and low-resistance and therefore cheap
wood raw materials with high-quality, high-resistance and expensive wood raw materials to a certain
extent. It is an accepted practice to use low quality and cheap lamellas from the same or different
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wood species in the inner layers of laminated building timbers, and high quality and expensive
lamellas in the surface layers [6,7]. The low quality of the lamellas used in the middle layer does not
cause a significant loss of resistance, especially since a significant part of the stresses in the structural
elements that try to bend are concentrated in the surface areas on the compressive and tensile sides
and there are no significant stresses in the middle parts. Thus, while the resistance values of the
structural element are largely preserved, its cost is significantly reduced and at the same time a
lighter construction element is produced. In this study, it is aimed to evaluate the studies on the
flexural properties of wooden solid and laminated composite beams.

2. STRUCTURAL LAMINATED WOOD ELEMENT

The lamination process is applied to solid wood elements in order to minimize the defects inherent
in the wood, to spread it to other regions or to eliminate it, to enable it to be used as structural
elements with large dimensions, to create a structural element with better properties and in different
forms. This process is usually carried out by gluing wooden pieces with fiber directions parallel to
each other with special binders such as glue in layers by pressure force. The material formed as a
result of this process is called laminated wood. Laminated wood can be composed of wood of
different grades or using one type of wood, depending on the intended use. The stratification of a
material is important in terms of material properties. In the wood industry, the stratification of the
material provides greater homogeneity, reducing the effect of damaging parts in critical areas under
loading. This process also enables the use of higher quality wood species in the outer layers and
lower quality wood species in the middle layers, where the material is subject to less stress [8]. In
the early 1900s, the production and use of laminated wood became widespread in Europe, especially
in Switzerland and Germany. It is used in hangar structures, churches and bridges. Especially since
2000, with the innovations in adhesive qualities and production processes, the use of laminated wood
has become increasingly widespread in Europe. Since 2006, the European Union has been working
on promoting the use of wood as a remedy for global warming and climate change [9].

3. PRODUCTION OF LAMINATED WOOD

Wooden elements to be laminated are subjected to drying process until they have the appropriate
moisture content. Before gluing the parts that will form the laminated wood element, the
impregnation process is performed. It can also be impregnated after the laminate processes are
completed. However, the impregnation process of elements with large dimensions and different
cross-sections can be difficult. For this reason, it is most appropriate to pre-impregnate the wooden
elements that will form the laminated wood. With this process, water or oil-based chemicals are
impregnated into the wood and the wood is protected against harmful external factors. The method
and type of materials chosen in the impregnation process are effective on the adhesion resistance of
wooden elements with glue. Therefore, care should be taken in this process [10, 11]. In order to
determine for what purpose the laminated wood element will be used, it is first visually graded.
Immediately afterwards, it is mechanically evaluated and classified for the determination of the
modulus of elasticity. In order to create the parts to be laminated after classification, an appropriate
one of the width or length joining methods shown in the figure is selected and each end connection
point of these elements is tested and their combinations are made. Then, the laminate lengths are
arranged according to the quality combination required for the element to be produced. A smooth
surface is obtained by planing each laminate layer.

After the adhesive is applied between the laminate layers, it is pressed to obtain the desired
configurations. After the gluing process, planing is done again to clean the glue that overflows from
the joints of the laminates, and the laminated wood is cut to the desired size and made ready for use
[5]. In order to obtain curved and different cross-section elements, hydraulic or manually operated
clamps are placed around the element and contacted with steel apparatus pre-fixed to the supports

62

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

to provide the desired curvature or model. When pressure is applied, the laminations are adjusted
for proper alignment and made ready for use.

In the production of laminated wood, the correct arrangement of the floors to be laminated is very
important, especially in terms of bending strength and durability. Laminate layers should be
arranged according to the location of the age rings. Because the wood material shows different
properties in the tangential or radial direction to the age rings [12].

4. STUDIES RELATED TO LAYERED LAMINATED TIMBER

In general, there are studies on the flexural properties of laminated timber. In this study, especially
the studies on the flexural properties of laminated timber are emphasized. Oztiirk and Arioglu (2006)
[13] produced laminated timber from scotch pine wood using various types of glue and performed
static bending tests. As a result of the study, they stated that the wood material used is brought to
the desired equilibrium humidity and if the appropriate glue material is used, the laminated timbers
can give the best results. In general, they stated that the best result was obtained from laminated
timbers produced with polyvinyl acetate glue with a bending strength of 75.24 MPa, and the worst
result was obtained from layered laminated timbers produced with urea formaldehyde glue with a
bending strength of 55.80 MPa. Kilingarslan and Tiirker (2022) [14] strengthened 20x20x360 mm
ash beams with basalt-based fiber-reinforced polymers. he bending test of the reference and
reinforced beams was carried out. It was determined that the beams reinforced with basalt-based
fiber reinforced polymer fabric have flexural strength (117.11 MPa) and modulus of elasticity
(12845 MPa). It was determined that the reference beams had flexural strength (99.34 MPa) and
modulus of elasticity (10320 MPa). It was determined that the flexural strength value of the
reinforced beam increased by 18% and the elasticity modulus value increased by 25% compared to
the reference beam. Giiray et al. (2003) [15] investigated the effects of glue type and force direction
on bending resistance in laminated wood material produced from stemmed oak (Quercus Robur L.)
wood, and used a 2.5 mm thick peeling veneer. For this purpose, Polyvinylacetate (PVAc) and
Polyurethane (PU) glues were preferred in the formation of laminates. In the experiment, two force
directions were chosen, parallel and perpendicular to the glue line. A total of 80 test specimens were
prepared according to the principles of TS 2474 standard and bending test tests were applied to these
specimens in the direction perpendicular and parallel to the glue line. They determined that the
highest bending strength was in the samples glued with polyurethane (PU) glue (121 MPa), and the
lowest in the samples glued with polyvinylacetate (PVACc) glue (90.6 MPa). Kilingarslan and Tiirker
(2019) [16] tested laminated wooden beams with the same height and width of h by dividing them
into 3 different groups. Variation in laminate layer thicknesses (h/4, h/6, h/8) or the number of glue
lines did not have a significant effect on stiffness and flexural strengths, but differences in modulus
of elasticity were observed. While the lowest elastic modulus values were observed in beams with
the highest laminate layer thickness, approximately the same result was obtained in the samples with
the highest layer thickness. The highest modulus of elasticity was obtained in the beam with medium
laminate layer thickness. In this case, it may be more advantageous to prefer samples with higher
laminate layer thickness. Because the reduction in the number of layers allows less glue to be used,
saving labor, time and economically. Kilingarslan and Simgek Tiirker (2021) [17] investigated the
effect of reinforcement with fiber reinforced polymers on the rotational behavior at the column-
beam joint. They found that the load carrying capacity at the column-beam joint increased
significantly.

5. CONCLUSION

Since their existence, people have used trees, which are natural materials, by shaping them to meet
their need for shelter. Wood, whose raw material is wood, has long been preferred as a building
material for aesthetic reasons, ease of processing and lightness. Wood material has had a more
functional use with the discovery and development of glue. However, wood material has been used
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massively for many years as a material with limitations due to its morphological structure, defects
and irregular behavior. These limitations are caused by inherent features of the wood such as
imperfections, knots, resin pockets and irregular wet rings. By laminating and gluing small solid
wood pieces with adhesives such as glue, these defects are dissipated and the final product with
better flexural strength properties is obtained. These laminated products can have much larger
dimensions than solid wood. Creating laminated wood elements with the lamination technique has
significantly increased the value of wood material, thanks to its better physical and mechanical
properties, by reducing the negative aspects of the natural growth process of wood.
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ABSTRACT

A wide range of structural members are made from sawn lumber, which is produced in a large
number of sizes and grades. The size of the trees that can be used to make this kind of lumber,
however, places a limit on the cross-sectional dimensions and lengths of these members. The main
issues with using wood for structural members are its stiffness, ductility, and strength. In recent
years, studies have been started to improve the mechanical properties of wooden beams by using
materials such as steel plate and fiber reinforced polymers. One of the products made from wood as
a derivative is glue-laminated timber. Glued laminated timber beams are complex engineering parts
made from carefully chosen and positioned layers of lumber with different strengths and stiffnesses.
Glued laminated timber beams are generally designed for and used in applications where they will
be highly stressed under design loads. In this study, the production phase of glulam beams was
emphasized and studies on the bending properties of glulam beams were examined. In addition, the
effect of reinforcement with fiber-reinforced polymers on glulam flexural properties was
investigated. As a result of the study, it was seen that the bending properties of glulam beams were
higher than solid beams. It was determined that reinforcement with fiber-reinforced polymers
significantly increased the bending properties of glulam beams.

KEYWORDS - Wood materials, glulam, flexural properties, composite materials

1. INTRODUCTION

Sawn lumber, which is manufactured in a wide range of sizes and grades, is used to make a wide
variety of structural members. However, the cross-sectional sizes and lengths of these members are
constrained by the size of the trees that can be used to produce this kind of lumber. Wood's stiffness,
ductility, and strength are the main drawbacks to using it for structural members. The mechanical
properties of wooden beams have recently been the subject of studies using [1].

One of the products made from wood as a derivative is glue-laminated timber. The process of making
glulam involves gluing together layers of timber. Glulams are more advantageous when compared
to sawn beams. The use of sawn lumber may become impractical as the span lengthens or as the
load increases. In these circumstances, glue-laminated wood can be a wise option. Glued laminated
timber beams are complex engineering parts made from carefully chosen and positioned layers of
lumber with different strengths and stiffnesses. Beams made of glued-laminated wood are typically
used in applications where they will be subjected to high design loads [2].

The tensile strength of the lamellae and the finger joints, which may be correlated, determine the
bending strength of glulam. The characteristic bending strength of glulam can be calculated using
only the characteristic tensile strength of the lamellae if the correlation is known. This results in the
calculation model in [3] for softwood, where a linear relationship between the two values is
provided. Based on the test procedures outlined in [4], the glulam's bending strength and the
lamellae's tensile strength are determined. The so-called laminating effect is the result of these test
methods. This indicates that glulam's bending strength is typically greater than lamellae's tensile
strength. In this study, studies on the bending properties of glulam timbers were evaluated. In
particular, the studies on the strengthening of glulam beams, which have been emphasized in recent
years, have been emphasized.
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2. STUDIES RELATED TO GLULAM TIMBER

Glulam, a crucial component of modern timber structures, not only addresses the traditional wood
material's shortcomings of low lumber recovery and processing difficulty, but also offers a number
of advantages over them, including fewer centralized defects, higher strength, a variety of cross
sections and component shapes, and reasonable stress distribution [5]. However, the length of
Glulam beams typically cannot satisfy the requirements of the continuous beams due to the size
limitations of the raw materials and processing methods. The compressive strength cannot be fully
utilized in the bending state because the failure always happens in the tensile zone [6]. In addition,
because traditional Glulam connections have a limited ability to transmit bending moments, which
would lead to inadequate joint stiffness, the majority of Glulam beams are simply supported beams.
Previously, a variety of strengthening techniques were suggested to increase the capacity of timber
structures. Numerous types of reinforced polymers, steel plates, and steel bars are used as typical
reinforced materials to increase the ductility and flexural capacity and lessen deformation of Glulam
beams. Gribanov et al. (2018) [7] studied the different laminar polymer composites for wooden
structures and suggested the corresponding design suggestions. CFRP (carbon fiber-reinforced
polymer) bars were used to improve the flexural capacity and the stiffness of Glulam beams by Yang
et al. (2016) [8] The CFRP bar changed the failure mode from brittle tension failure to ductile
compression failure, significantly improving the flexural capacity. After comparing the strengths of
timber beams adhered to various steel plates, Nowak et al. (2016) [9] offered design
recommendations. An experimental investigation on PBSL (parallel bamboo strand lumber) beams
reinforced with AFRP was presented by Zhang et al. (2020) [10] (aramid fiber-reinforced polymer).
The only studied variable was the cloth ratio, after which the tested beams' stiffness, flexural
capacity, and load-carrying capacity were assessed. The findings indicated that bonding AFRP can
make PBSL beams stiffer. Adopting the AFRP provision could significantly improve the ductility
of the PBSL beams. Timber structures have been used with the NSM (near-surface mounted)
technique in the interim [11]. Kilingarslan and Tiirker (2019) [12] tested laminated wooden beams
with the same height and width of h by dividing them into 3 different groups. Variation in laminate
layer thicknesses (h/4, h/6, h/8) or the number of glue lines did not have a significant effect on
stiffness and flexural strengths, but differences in modulus of elasticity were observed (Figure 2).

Mlodl wlus of Elasticity (M Fa)

I2200

12000
First Groap Second Group Third Group

Figure 2. Modulus of elasticity of glulam beams belonging to three different groups [12]

While the lowest elastic modulus values were observed in beams with the highest laminate layer
thickness, approximately the same result was obtained in the samples with the highest layer
thickness. The highest modulus of elasticity was obtained in the beam with medium laminate layer
thickness. In this case, it may be more advantageous to prefer samples with higher laminate layer
thickness. Because the reduction in the number of layers allows less glue to be used, saving labor,
time and economically. When Jorge et al. (2013) [11] investigated the bond between Glulam and
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NSM CFRP laminates, they found that the bond length was the primary determining factor in the
local bond stress-slip relationship and failure modes. A novel steel-reinforced PBSL beam was
proposed by Wei et al. (2020) [13] in which prestressed steel bars or steel bars were embedded in
bamboo-composite beams. The findings demonstrated that increasing reinforcement ratios and
prestress increase the ultimate bearing capacity of reinforced beams, though prestress had a lesser
impact than reinforced bar diameter. Kilingarslan and Tiirker (2021) [14] strengthened 90x90x1300
mm glulam beams with carbon-based fiber reinforced polymers. The bending properties of the
unreinforced reference sample (R-Glulam Timber) and reinforced beams (CFRP-Glulam Timber)
were investigated. The graph obtained as a result of the experiment is given in Figure 3.

Load (kN)
»

— R=Clulam Timber

= CFRP-Glulam Timbes

2 | 6 8 10 12 14 16
Displacement (mm)
Figure 3. Graph obtained as a result of the experiment [14]

The load carrying capacity of glulam beams reinforced with carbon fiber reinforced polymer fabric
increased significantly compared to the reference beams. The load carrying capacity of the
reinforced beams increased by 42.85% and the displacement amount increased by 86.61% compared
to the reference beams.

3. CONCLUSION

Glulams are more advantageous when compared to sawn beams. The use of sawn lumber may
become impractical as the span lengthens or as the load increases. In these circumstances, glue-
laminated wood can be a wise option. Glued laminated timber beams are complex engineering parts
made from carefully chosen and positioned layers of lumber with different strengths and stiffnesses.
Beams made of glued-laminated wood are typically used in applications where they will be subjected
to high design loads. In addition, many studies have been conducted on the reinforcement of glulam
beams with fiber-reinforced polymers and it has been determined that the load carrying capacity of
glulam beams increases significantly with reinforcement. It has been observed that the load bearing
capacity of the structure can be increased with the strengthening process in existing or newly
constructed wooden structures.
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ABSTRACT

Terrestrial radioactive elements constitute a large part of natural radioactivity. Radium-226 is a
member of the Uranium-238 natural decay series and occurs at trace levels in almost all rocks, soil,
water, and plants in the natural environment. The two isotopes of radium, Radium-226 and Radium-
228, are very important for radiological protection because of their relatively long half-lives.
Obligation to determine radium has become a public health concern due to its dangerous nature. In
this study, Radium-226 activity concentration of sand samples collected from Dogancali beach in
Istanbul-Sile district was measured by using Nal (TI) detector gamma spectroscopy system. The
activity concentrations obtained are compared with the determined world averages.

KEYWORDS: Radium-226 activity concentration, Dogancalt beach, Gamma spectroscopy,

1. INTRODUCTION

Radiation has always existed in nature. Generally, natural radiation is examined in two separate
categories as cosmic and terrestrial radiation. There are basically three different radiations that make
up the terrestrial radiation source. These are Ra-226, Th-232 and K-40. Terrestrial radiation level is
very important for determining the radiation exposure of humans. For this reason, numerous studies
have been conducted on both radiation protection and terrestrial radiation determination [1-15].
The main purpose of this study is to determine the Ra-226 radiation dose concentration level in
Dogancili Beach in Istanbul.

2. MATERIALS AND METHODS

In this study, Ra-226 concentrations were determined in the sand samples of the Dogancili beach in
Sile (Istanbul). For this, approximately 1 kg of sand samples were taken from 5 different points.
These sand samples were first dried in the laboratory, then sieved. Then placed in airtight containers
and kept for 40 to 50 days. After this stage, the radiation dose was calculated by using the Nal (TI)
gamma detector to determine the Ra-226 dose level of the sand sample. Gamma radiation
measurement experimental setup is shown in figure-1. The measurement level of gamma doses
experimental set includes Spectrometer, Amplifier, MCA and Computer in general terms.

The calibration curve is shown in Figure 2. The calibration of the experimental setup was made
using Co-60 and Cs-137 sources.

= Iy

Figure 1. Experimental setup
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Figure 2. The gamma spectrum

3. RESULTS AND DICCUSSION

Ra-226 radiation concentrations are shown in table-1. The Ra-226 concentration was found to be
the lowest at sample-3 (S3) with 28.15+2.08 Bq/kg, and the highest at sample-1 (S1) with
34.45+1.46 Bq/kg. The average Ra-226 concentration was calculated as 31.41£1.93 Bq/kg. In fig-
3, Ra-226 concentrations according to the sampling points are shown.

In a similar study conducted in Vietnam[16], the concentration of Ra-226 in the soil was 43 Bg/kg,
in a study conducted in Yemen48 Bqg/kg [17], in a study in India 27 Bg/kg [18], in a study in Iraq
14 Bq/kg[19] and in a study in Pakistan 26 Bg/kg[20]. The results obtained as a result of this study
are similar to the results of studies conducted in other countries.

Table 1. Ra-226 Concentration

Sampling Point Ra-226 Concentration Ra-226 Concentration (Bgkg?)
S1 34.45+1.46
S2 29.54+1.12
S3 28.15+2.08
S4 32.12+1.64
S5 32.79+0.87
Mean 31.41+1.93

an -

rl J I I | | l
51 57 53 L1 55

Ra-22E Activity [Bgkg™)

Meani

Sampling Paint
Figure 3. Ra-226 Concentration
71

2022.iccesen.org

iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

4. CONCLUSION

In this study, Ra-226 radiation dose level in 5 different sand samples taken from Dogancili beach in
sile (Istanbul) was determined using Nal(TI) gamma detector. The Ra-226 radiation dose
concentration found as a result of the study was compared with similar studies conducted in different
countries. It has been observed that the average of the results obtained from this study and the
average of the results obtained from the studies conducted in other countries are close to each other.
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ABSTRACT
In this study, Cu2SnS3 (CTS) target have been synthesized using ball milling technique with Copper
(Cu), Tin (Sn) and Sulphur (S) powders. After the production of CTS was prepared, the alkali metals
including sodium (Na) and lithium (Li) were doped in it with %3 and % 1 concentration ratios.
Homemade targets were used to production of thin films by pulsed laser deposition system. The
linear optical properties and X-ray crystallography (XRD) patterns have been analysed and
determined. The nonlinear parameters such as nonlinear absorption coefficient of CTS, Na doped
CTS and Li doped CTS thin films were observed between 9.050 x 10-1* cm/W for pure CTS thin
film and 0.164 x 1071t cm/W for Nag o3 doped CTS and Li doped CTS thin film, respectively,
KEYWORDS - CTS, Na, Li target, PLD, Nonlinear optic

1. INTRODUCTION

Ternary chalcogenide structured copper tin sulphide (CuzSnS3-CTS) has been investigated and it
has been observed that CTS shows low energy band gap, high absorption coefficient with high
photostability. Because of these promising properties such as low cost, nontoxicity, easy processing
methods and user-friendly behaviours, CTS is used in studies such as solar cells and photocatalysis
applications including light-matter interaction studies as an n-type semiconductor. CTS thin films
and alkali metal doped CTS thin films attract very great interest of researchers and gains very
common works on it. It has been observed that properties of alkali metals doped CTS thin films for
several applications, for example, solar cell, the conversion efficiency has dramatically increased
compared to pure CTS. Due to these properties, the need to reveal the optical, electronic and
nonlinear optical properties of CTS thin film and alkali metal doped CTS thin films has emerged.
CTS structure contains non-toxic elements in its and CTS is known as ternary semiconductor and
less complicated composition with ternary structure, at the same time, it has similar crystal structure
as in CZTS. CTS is especially used in solar cell technology because it contains fewer elements
compared to CZTS. One of its biggest advantages is that it consists of non-toxic and abundant
elements in the world[1-3]. Due to its chemical and physical advantages, CTS has many application
areas such as optics, photonics and electronics including solar cells, photodiodes, transistors, etc.
and the nonlinear properties in intense laser light should be revealed.

Copper-containing chalcogenides structures belong to I, IV and VI semiconductors groups which
they considered as high absorbance ratios [4, 5]. These materials have some special properties with
lower photon energy values and higher absorbance performances to use them in optoelectronic
applications [6]. Another key property for Cu-Sn-S structure is good candidate for nonlinear optical
area. CTS can be produced from ternary compound elements consists of Cu, Sn and S elements.
There are some different phase structures for CTS including CusSnSs, CusSnSs4, and Cu,SnSs[7],
however Cu,SnSs, structure is the most investigated phase due to effective absorber layer, p-type
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conductivity as well as it has convenient photon energy range between 0.8 eV and 1.7 eV with about
10° cm™ optical absorption coefficient [8-11].

Pulsed laser deposition (PLD) method is a well-known physical deposition technique to utilize
production of thin, ultrathin films with high quality standards depending on changing laser, pressure,
and deposition conditions. In this method, a laser beam with high-power standards must be focused
on a material with pellet or target forms to deposit a substrate on film in the vacuum chamber [12].
The laser beam during the ablation process on the target is observed as plasma plume which these
vaporized particles include ionized nanoform of materials. This is very suitable to deposit on a film
substrate. Generally, an inert atmosphere or a vacuum condition prefers as a background pressure
depending on experimental process [8]. Thin film production with the PLD technique has superior
properties due to its flexibility to change parameters, not harming the environment since it takes
place in a vacuum chamber, and not requiring a complex experimental setup [12].

Identifying new areas of use of CTS thin films, which are used in solar cell technology, especially
in nonlinear optics technology including lasing [13], the usage of waveguide and other nonlinear
devices will increase, and new technologies will be created [14], will contribute positively to the
development of the technology. Determining of nonlinear absorption properties is a popular
approach for the emerging materials to examine and reveals their performance on saturable absorber
which is a key point for a laser cavity design to generate mode locking and Q-switching in ultrashort
laser pulses. With this aim, in this study fs laser z-scan nonlinearity determination method was
utilized to calculate of nonlinear characterisation of CTS, Na doped CTs and Li doped CTS films,
in details. Femtosecond (fs) laser z-scan nonlinearity method give promising approaches to study of
materials nonlinearities due to minimal thermal effects during experimental section[15].

The sodium (Na) and lithium (Li) contributions to CTS has made a positive contribution to the
increase of the efficiency of the solar cell. Hence, in this study Na and Li which is known as the
alkali element, was doped into the CTS target with %5 and %3 molar ratios, respectively to
investigate contribution of nonlinearity properties. The PLD was used to form thin films productions
and fs laser z-scan method was used to measure nonlinear optical responses [16].

Investigation of the nonlinear optical properties of the CTS, Na and Li doped CTS were carried out
to determine of nonlinear absorption coefficient as well as. The XRD graphs were obtained for these
thin films. Linear absorbance range between 400 nm and 1200 nm was drawn and photon energy
band gap values were determined for CTS, Na and Li doped CTS as 1.11 eV, 1.12 eV and 1.04 eV
and respectively. Thin film forms of materials give different, promising approaches to various
aspects of technology including lasing, optical limiting, optical data storage, computing and optical
communications apparatus [17].

2. MATERIALS AND METHODS

2.1 Ball milling of Na-doped CTS
Copper (Cu), Tin (Sn) and Sulphur (S) powders with the ratio of 2:1:3 rate as represented in figure
1a) was prepared and mixed with the %99.9 pure ratio in a stainless-steel container with 10 ml
ethanol. This wet powder mixture was mixed by a ball milling device for 6 hours and then dried in
a quartz tube under Argon (Ar) gas flow about 24 hours. This powder mixture was put into a special
designed mold and pressed by a hydraulic press device at 30 bar pressures with a 100 g of 3 mm
diameter size target as presented in figure 1b.
CuSnS; target pellets were annealed at 600 °C for 2 hours by placing 100 mg of sulphur powder
next to them and giving Ar gas in a quartz tube. The ball milling system (Desktop high speed
vibrating ball milling) with a fixed speed of 1400 rpm (round per minute) was used for a time
duration of 6 hours. Doped CTS structures were carried out mixing powder %5 Na and %1 Li in
Copper (Cu), Tin (Sn) and Sulphur (S) powders to forms Nag ¢sCTS, Lio01CTS targets were attached
to the CTS powder before pressing it into targets.
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Cu

Figure 1. The images were taken froma) Cu, Sn and S powders and b) Cu,SnSs target pellet

n S
(a) (b)

2.2. Pulsed Laser Deposition (PLD) System Details

The CTS, Na, Li doped CTS thin films was produced using homemade target which were prepared
and synthesized ball milling technique. In this study, CTS, Na, Li doped CTS thin films were using
a homemade PLD system are presented in figure 2a. The substrate was chosen as sodalime glass to
deposite the targets of CTS, Na, Li doped CTS plasma. PLD system in high vacuum conditions was
integrated to nanosecond (ns) Nd:YAG (Continuum, Surelite, NY, USA) laser system which has
5ns pulse duration with a 10 Hz repetition rate by applying at 1064 nm laser beam wavelength.
Experimental processes were given elsewhere in literature [18, 19]. Pulsed laser deposition details
are given in table 1, in details.

Table 1. Pulsed laser deposition parameters

Parameters Conditions for thin film production
Used laser type Nd: YAG nanosecond laser system
Laser beam wavelength 1064 nm
Background Pressure of PLD vacuum 105 mbar
chamber
Laser beam energy 15mJ
Target- substrate distance 4cm
Thin film deposition time 10 min
Annealing time, temperature, and atmosphere | 10 min at 500°C with 50 mg of sulphur in
evacuated oven

2.3. Femtosecond Laser Z-Scan Technique

In z-scan method, nonlinear optical properties of materials can be determined in two phenomenon
self-focusing and self-defocusing processes. Different laser applications can be adapted to
Quantronix, NY, Ti:Sapphire fs laser system. Figure 2b depicts the Z-scan setup in our lab, which
typically comprises of two detector systems, open aperture studies, and closed aperture
investigations. Before the z-scan operation began, incident laser power was measured using a
reference detector. Moving the materials between the positive and negative ends of the optical axes
in a stage along the optical axis to pass through the focus point of the Gaussian beam is how the z-
scan measuring technique works. The sample's refractive index and absorption correlation both
change as a function of the beam distribution.
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Figure 2. CTS, Na Doped CTS and Li Doped CTS Thin Films were produced using a) Pulsed laser
deposition system, which is shown as schematic representation, and b) were characterized with fs
laser z-scan technique which is represented experimental setup.

3. RESULTS AND DISCUSSION

3.1. Uv-Vis-IR Absorbance Performance of CTS, Na Doped CTS and Li Doped CTS Thin
Films
In this study, linear absorbance values have been calculated using UV-Vis spectroscopy to carry out
of CTS, Na and Li doped CTS thin films linear optical properties. The spectra shows that these thin
films absorbance range from 400 nm to 1200 nm wavelengths in fig. 3a. The absorption intensity
in visible region is higher than that in the infrared region for all thin films. The Tauc equation as
given in equation 1 was applied obtained absorbance spectra to determine photon energy band gap
values. The band gap values of thin films are calculated using Tauc curve in equation 1,

(ahv)? =A(hv-Eg)*? (1)

where Eq is called as photon energy band gap value of NPs, hv and A are photon energy value and
constant value, Eq is determined by straight line of (a/v)? versus (hv) in Tauc plot in figure 3b. The
photon energy band gap values have been determined using equation (1), which are calculated as
1.11eV, 1.12 eV and 1.04 eV for CTS, Na and Li doped CTS, respectively.

3.2. X-ray crystallography (XRD) Structures of CTS, Nao.os Doped CTS and Lio.o1 Doped
CTS Thin films
Fig. 4 (a-b) shows the deposited CTS, Na0.03 Doped CTS and Li0.01 Doped CTS Thin films XRD
patterns which they obtained annealing process in evacuated oven at 500 °C about 10 minutes with
50 mg sulphur medium. The crystallization of the pure, Na and Li doped CTS thin films presents as
main peaks in 20 = 28.9°, 33.4°, 47.8° and 56.6° degrees consistent with (112/222), (200/040),
(220/044) and (321/262), respectively.
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Figure 3. Pure CTS, Na doped CTS and Li doped CTS thin films a) Uv-Vis-IR absorbance
spectrum, b) photon energy band gap values.
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Figure 4. XRD patterns comparing for a) pure CTS, Nao.03 Doped and b) pure CTS, Lig.1 Doped
CTS thin films were annealed for 10 min at 500°C with 50 mg of sulphur in evacuated oven.

26 (deg)

Z-scan Nonlinearities of CTS, Nao.oz Doped CTS and Lio.or Doped CTS Thin Films
The experimental findings of open and closed apertures, that are employed to evaluate nonlinear
optical characteristics in z-scan curves, change depending on the sample location dependency of
laser intensity. Data from both open and closed apertures were modelled using equations (2) and (3),
respectively.

Topen(X) = (BIO Leff/ 283)(1/X2) (2)
Teiosed(x) = 1+ (4ADoxX | (X?+9)(x?+1)) (3)
Les is specified as (1- ) / o [20] and closed aperture z-scan data was fitted to equation (3) where
x=z | zoin which z is the location of thin films and z, is defined as mwo?A and known as Rayleigh

range. A®o has measured by following equation;

ADe=27 | Mnzlo Letr) (4)
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Figure 5. Open aperture z-scan plottings were obtained using 40 mW laser for a) pure CTS, b) Na
doped CTS and c) Li doped CTS.

In equations, wo IS examined as the beam waist at the focusing point, A is consistently referred as the

wavelength, in laser intensity for beam is lo, and the linear absorption value represented as o [20].

Open aperture data in fs laser z-scan for CTS, Na doped CTS and Li doped CTS thin films have
been fitted appliying experimental data exhibits in fig. 5 (a-c). Numerical results for these thin films
are exhibited in table 1.

Table 1. List of calculated # parameters for CTS, Na doped CTS and Li doped CTS thin films
using fs laser z-scan method at a power intensity of 9.50 x10* (W/cm?).

Sample Name a (abs) B (x 10 cm/W)
Pure CTS 3.460 9.050
Nao oz doped CTS 3.430 0.164
Ligo1doped CTS 2.867 0.604
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4. CONCLUSION

In this study, pulsed laser deposition technique was used to obtained pure CTS, Nao.o3 Doped CTS
and Lio o1 Doped CTS Thin Films. These thin films are generally produced for solar cells, diodes or
transistors applications. Nonlinear optical properties of these thin films have been carried out and
saturable absorbance behaviors were observed for thin films. Open aperture results show saturable
absorption trend in 9.50 x 10! W/cm? laser intensity. The nonlinear absorption coefficients (B) were
observed between 9.050 x 10! cm/W for pure CTS thin film and 0.164 x 101! cm/W for Nag o3
doped CTS and Li doped CTS thin film, respectively,

Z-scan method serves as a promising method to study the nonlinearities in NPs depends on
applications. Understanding these nonlinear optical characteristics will help you make more
informed decisions about how to employ CTS thin films to open up new applications like lasing,
waveguides, and other nonlinear devices will broaden the range of uses for technology.
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ABSTRACT

In view of the absence of S-wave velocity, an important geophysical parameter and the low accuracy
of empirical formula in actual production, taking the Mahu area as an example, the Xu-White model
was finally selected by screening and analyzing the theoretical model of S-wave prediction, the
geological depositional setting and burial depth were considered, S-wave velocity curve was
calculated according to mineral composition, porosity and fluid composition curves, and the
influence of the accuracy of S-wave velocity prediction on the calculation results of rock mechanics
parameters was studied. After verification with measured dipole acoustic data, indoor core
mechanical measurement data, and fracturing operation data, compared with the results calculated
by conventional empirical formula, the accuracy of Xu-White model was greatly improved. The
model was generally applicable to the glutenite stratum in the Baikouquan Formation, Mahu area.
This technology has proven to be highly effective in the accurate calculation of rock mechanics
parameters and the fracturing scheme design of glutenite tight oil reservoir. It is of great significance
to the study on the geology-engineering integration in the development of tight oil in Mahu area.

KEYWORDS - S-wave prediction, rock mechanics parameters, acoustic logging, Xu-White model,

tight oil, Mahu Area.

1. INTRODUCTION

P-wave and S-wave velocities are important parameters for the interpretation of geophysical data.
P-wave and S-wave velocities can be used to identify lithology, determine fluid properties, calculate
porosity and predict fracture distribution, etc. The various parameters of rock mechanics, such as
Pine ratio, Young's modulus, shear modulus, bulk modulus and compressibility are also obtained by
P-wave and S-wave velocities. The magnitude and direction of present in-situ stress can be predicted
by combing with drilling data. Based on the prediction of P-wave and S-wave velocities, the
characteristics of in-situ stress, borehole stability, sand production analysis and artificial fracturing
scheme design are studied. The P-wave velocity comes from the time lag of conventional logging
and it is easier to obtain, while the S-wave velocity derived from array acoustic logging is usually
only performed in a few key wells in a block due to measurement cost. The P-wave and S-wave
velocity curves of all wells are needed to predict the distribution of geological "sweet spots"”,
accurately calculate rock mechanics parameters and in-situ stresses. In the past work, the S-wave
velocity is usually calculated with polynomial regression and empirical formula. However, the rock
physical properties of the stratum are not considered in calculation S-wave velocity, and result large
errors. Therefore, obtaining accurate S-wave velocity curve is one of the key problems in oil and
gas reservoir exploration and development.

Although it is extremely complex for the factors which affect the actual underground rock velocity,
shear wave logging and conventional logging usually have similar response characteristics and
certain correlation for the same rock sample or sample point. At present, the empirical formula
method is the most commonly used method for S-wave velocity prediction, that is to use the
relationship between p-wave and S-wave velocities for performing regression. There is a linear
relationship between P-wave and S-wave velocities and the main representatives were Castagna
etal™. Han? and Tosayal®! believed that the S-wave velocity had a linear relationship with porosity
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and shale content. However, the empirical formulas for above calculating shear wave velocity were
obtained only by laboratory tests, and the biggest problem of the fomulars is that it does not consider
the rock physical properties or it simplifies the rock physical model. resulting in large error and poor
universality. Another type of S-wave velocity prediction method is the forward modeling based on
P-wave velocity and rock physics model. Currently, methods such as Greenberg-Castagnal,
Cemented®, MudRock, Unconsolidated™®, Xu-Whitel”), CriticalPhil®, Krief™), Self-consistent!*%,
Vernik™ and SoftProosity?1% are the most commonly used. Among them, the first four models
are suitable for medium and -high pore formations, while the last six models are suitable for medium
and low pore formations. In practical work, an appropriate model is firstly selected according to the
characteristics of strata and reservoirs in the study area. And then the relevant information of strata,
including rock mineral type, content, pore type and porosity, particle contact relationship, fluid and
saturation, temperature and pressure, etc, is input into the model to form a unique rock physical
model in the study areal™71. In the end, forward modeling is performed on this unique model to
obtain accurate S-wave velocity data in the study areal*®l. This method effectively solves the
drawbacks of the empirical formula methods, and the calculation results are more accurate. In recent
years, it has been more and more widely used in S-wave velocity prediction.

2. OPTIMAL METHOD OF PREDICTING S-WAVE VELOCITY

The tight sand and conglomerate reservoir of the Triassic Baikouquan Formation in Mahu area is a
key block in the production capacity construction of Xinjiang Oilfield in recent years, with the
characteristics of large geological reserves and deep burial. The reservoir is mainly developed in the
sand and conglomerate of sheet-like traction currents and underwater distributary channels in the
front of the fan delta. The burial depth is 2500~3000 m, and the pore types are dominated by
remaining intergranular pores and intragranular dissolved pores, which are generally characterized
by medium-low porosity and permeability.

According to the lithology, reservoir physical properties, burial depth and other geological
conditions of Triassic Baikouquan Formation in the study area, six models suitable for medium-low
porosity formations were selected as the basis of S-wave velocity prediction. The measured S-wave
velocity data of Well M15 and Well M131 were used for calibration and verification respectively,
and as a result, the S-wave prediction method and petrophysical parameters suitable for the target
layer in the area were optimized.

The comparison between the predicted S-wave velocity curves and the measured S-wave velocity
curves of the Well M15 and the Well M131 by six petrophysical models are shown respectively in
Figure 1 and Figure 2. From the perspective of the curve shape, the S-wave velocity curve predicted
by the Xu-White method almost overlaps with the measured S-wave velocity with the highest
similarity. The comparison of the error statistics and correlation coefficients between the predicted
S-waves and the measured S-waves by six methods is shown in Table 1. From the perspective of
data accuracy, the average relative error of the Xu-White method is only 2.8%, and the correlation
coefficient square between the predicted S-wave and the measured S-wave reaches a level of 0.9101,
which is ahead of other methods. The Xu-White method is more suitable for S-wave velocity
prediction of Triassic Baikouquan Formation in Mahu area based on the comparison of logging
curve morphology, error and correlation coefficient.

The Xu-White method is a sand-mudstone mixing model based on the Kuster-Toks6z theory, the
differential effective medium (DEM) theory and the Gassmann equation!*®l. The influence of clay
composition, pressure, cementation and other factors on acoustic wave is attributed to the difference
of pore geometry and face ratio between shale and sandstone, considering the rock porosity and clay
content to predict sound wave velocity. Assuming that rock pores are mainly composed of sandstone
pores and mudstone pores, the ellipsoids with different aspect ratios are used to simulate these two
kinds of poresi?>2l, Because of the large aspect ratio, the pores closed to the spherical shape are
often more stable and less prone to deformation, and they are called hard pores. The sandstone
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contains relatively hard pores with an aspect ratio of 0.10 to 0.15, while the aspect ratio of clays is
about 0.02 to 0.05. The elastic modulus of dry rock skeletons is obtained by using the Kuster-Toksoz
model in Xu-White method. Assuming that the Poisson’s ratio of the rock skeleton does not vary
with porosity, the solution of Kuster-Toks6z equation based on DEM theory is transformed into
solving linear ordinary differential equations, so as to obtain the elastic modulus of the rock skeleton.
Afterwards, the Gassmann equation is used to calculate the bulk modulus and shear modulus of
fluid-saturated rocks, and then the S-wave and P-wave velocities are calculated by simulation. Due
to taking into account factors such as the content of sand and mudstone, pore types and other
differences, the Xu-White model is closer to the actual geological situation, so the accuracy of
calculating S-wave velocity is higher than that of other models, which is more suitable for the
prediction of S-wave velocity of the Baikouquan Formation in Mahu area.
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Figure 1. The comparison of curves of predicted and measured S-waves by different methods in
Well M15

In order to further verify the applicability of the Xu-White model in Mahu area, the measured S-
wave data of Well FN15 and Well XI1A93 located in adjacent blocks of the study area were projected
onto the P-wave velocity and S-wave velocity intersection plates of Well M15 and Well M131, as
shown in Figure 3. The relationship of P wave and S wave of the two test Wells is exactly consistent
with that of Well M15 and Well M131, and the value range is also the same, indicating that there
has good applicability and accuracy of the S-wave velocity prediction method in the Baikouquan
Formation in Mahu area and it can be used for S-wave velocity prediction of other wells in this
region. As a consequence, the Xu-White model provides a data basis for geophysical reservoir
prediction and precise calculation of rock mechanical parameters.
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Figure 2. The comparison of curves of predicted and measured S—waves by different methods in
Well M131

Table 1. The comparison of error statistics and correlation coefficients between predicted and
measured S-waves by different methods

Minimum Maximum  Average Average Average Correlation
Method of - . - : e
rediction Velocity velocity velocity  absolute relative cpefflc!ent
P (m-s) (m-sh) (m'sY)  error(m's?) error (%)  R?(Dimensionless)
Measured - g, 5 2784.9 2522.4 0.0 0.0 1.0000
Wave
Xu-White 1520.3 2807.5 2473.7 68.1 2.8 0.9101
Krief 1587.6 2949.9 2634.9 121.7 4.9 0.8892
CriticalPhi 1595.2 2943.3 2610.0 104.1 4.2 0.8882
SoftProsity 1421.5 2928.7 2479.0 140.5 5.7 0.8063
Se_lf- 1428.3 2978.1 2502.3 160.4 6.4 0.7830
consistent
Vernik 1472.6 2947.6 2544.9 98.0 4.0 0.8832
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Figure 3. The multi—well verification for the S-wave velocity prediction methods in Baikouquan
Formation in the Mahu Area

3. CALCULATION OF ROCK MECHANICS PARAMETERS AND ERROR ANALYSIS
The rock elastic parameters and the rock mechanical strength parameters are commonly used in
engineering as rock mechanics parameters, of which the rock elastic parameters like Poisson's ratio
and Young's modulus are independent parameters, and their calculation requires accurate P-wave
velocity and S-wave velocity.

Poisson's ratio is the ratio of the transverse strain to the longitudinal strain:

v,2-2v?
=t @
2(Vp*-V%)
Young's modulus is the ratio of the applied axial stress to the normal strain:
_ oy 2BV Y
E=pV' Gy )

The rock mechanical strength parameters include the uniaxial compressive strength, the internal
friction coefficient and the formation fracture pressure.The uniaxial compressive strength is the
ultimate failure strength under compression in one direction:

Sandstone:UCS = 120000364t (3)
Mudstone: UCS = 72.5V,* ()

The coefficient of internal friction is the tangent of the inclination angle of the shear strength line in
the 0 -7 coordinate plane.

_ . (Vp-1
u = tan [arcsm (V,,+1)] (5)
The fracture pressure of the formation is the maximum pressure that the formation can be tolerated
when the formation fractures:
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v 1-2v E vE
prESv+Eapp+m£x+m£y (6)

In the formula: v, Poisson's ratio; V, the rock P-wave velocity, m/s; V., the rock S-wave

velocity, m/S; E. Young's modulus, Pa; p, the rock bulk density, kg/m* UCS, the rock
uniaxial compressive strength, Pa; At, the acoustic time difference, M/S; 4, the internal friction
coefficient; ) , the formation fracture pressure, Pa; Sv , the overlying rock pressure, Pa; ¢ , the Biot

coefficient; p,, the formation pressure, Pa; &, . &, , the construction coefficients.

The rock mechanics parameters are the key parameters in the fracturing design for the development
of tight oil and gas reservoirs and shale oil and gas reservoirs, which are extremely important for the
study of rock fractures, hydraulic fracture extension and fracture geometries. The S-wave velocity
in traditional rock mechanics parameter calculation method is mainly calculated by empirical
formulas related to lithology, or directly converted from the P-wave velocity through the data
regression relationship between the limited measured P-wave velocity and the S-wave velocity. As
a result, there are large errors due to the above calculation method of S-wave velocity, and it will
directly affect fracturing design and construction of tight oil reservoirs in Mahu area. According to
the actual data of the target layer in Well M15, the above conventional empirical method was used
to calculate the S-wave velocity, and the optimized Xu-White rock physics model was used to
predict the S-wave velocity curve for comparative analysis. Consequently, the rock mechanicics
parameters in Mahu area were respectively calculated and calibrated with the laboratory core
mechanical measurement data. The results are shown in Figure 4.

As shown in Figure 4, the Poisson's ratio and formation fracture pressure are relatively small, while
the Young's modulus is relatively large, which are calculated with the S-wave velocity obtained by
the conventional method. For example, the Poisson's ratio of the mechanical experiment results in
Well M15 with a depth of 3063.04 m is 0.239. The Poisson's ratio calculated with the S-wave
velocity obtained by conventional method is 0.186, with a relative error of more than 20%. However,
the Poisson's ratio obtained by the optimized Xu-White method for the S-wave velocity calculation
is 0.234 with the relative error of 2%, and the calculation results are more accurate than that of the
conventional method. The formation fracture pressures of the mechanical experiment results in the
Well M15 are respectively 51.1MPa and 56.5MPa, with the depths of 3063.04 m and 3065.20 m.
The formation fracture pressures calculated by the conventional method of S-wave velocity are 48.3
MPa and 50.9 MPa, with the relative errors all over 5%, while the formation fracture pressures
calculated by Xu-White method are 50.9 MPa and 58.7 MPa, with relative errors of 0.4% and 3.9%,
which also have a higher accuracy.

It is often required to hydraulic fracture for improving single-well production and even stage
fracturing is also required when transforming longer horizontal well sections in low-porosity and
permeability reservoirs, especially tight oil reservoirs. Young's modulus, Poisson's ratio, horizontal
formation stress and other parameters have played an important role in the design of the downhole
fracturing construction schemes, and with the help of them, the parameters such as construction
pump pressure and fracturing fluid displacement can be calculated more accurately. Consequently,
the length, width and height of the fractures produced in the fracturing process can be reasonably
controlled. In the end, it can avoid the phenomenon that the target formation cannot be opened, or
the pressure is too large and then cause the interlayer being pressed to develop fresh water
channeling, and avoid resulting in unnecessary losses. Therefore, the fracturing operation
parameters, fracturing scale and fracturing method of the reservoir can be reasonably designed by
analyzing the formation stress and rock mechanical properties before hydraulic fracturing.
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According to the calculation results of the optimized Xu-White method, the uniaxial compressive
strength of the sand and conglomerate in the Baikouquan Formation in Mahu area is 70~120MPa,
the Young's modulus is about 40 GPa, the Poisson's ratio is about 0.250, the internal friction
coefficient is 0.8~0.9 and the formation fracture pressure is 47.0~55.0 MPa. At the same time, it is
determined that the formation fracturing pressure at the depth of 3056 m in Well M15 is about 50.0
MPa in the actual fracturing process. The calculation results of rock mechanics show that the
formation fracture pressure predicted by the conventional empirical method at the depth point is

47.5 MPa, and that predicted by the Xu-White method is 49.7 MPa, which is more consistent with
the actual fracturing construction data.
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Figure 4. The profile of rock mechanics parameters calculated by two methods in Well M15

Through the above example calculations, the accuracy of the S-wave velocity determines the
calculation accuracy of rock mechanics parameters, and further influences the fracturing scheme
design of tight oil reservoir. For Mahu area, the S-wave velocity curve that is more in line with the
actual formation characteristics can be obtained through the optimized Xu-White prediction model,
by fully considering the formation rock types, shale content, pore types and porosity, and then high-
precision rock mechanics parameters can be obtained as well. After multiple verifications of rock
mechanics experiment and fracturing construction data, the Xu-White prediction model can depict
the geological and mechanics characteristics of the actual formation more accurately and
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realistically, which is helpful to optimize the scale and displacement of fracturing and other key
construction parameters in order to improve the effectiveness of fracturing.

4. CONCLUSION

(1) The rock mechanics parameters are greatly affected by the accuracy of S-wave velocity
calculations, so it is necessary to optimize the appropriate S-wave velocity prediction method and
parameters calculation method according to the different geological characteristics of research areas.
(2) According to the comparison and analysis of the measured dipole acoustic wave data, the strict
calibration of rock mechanics parameters and the inspection of fracturing construction results, the
Xu-White S-wave velocity prediction method has good applicability in Mahu area to calculate rock
elastic parameters with higher accuracy and better using for subsequent fracturing scheme design in
tight oil reservoirs.

(3) This paper preliminarily forms a complete set of technical system for high-precision S-wave
prediction of rock physics, rock mechanics and fracturing scheme design, which plays a
demonstration role in the integrated research of geological and engineering for the development of
the tight oil reservoirs in Mahu area.
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ABSTRACT

With the discovery of radiation and the effect of developing technology, radiation finds a wide range
of uses. Due to the use of radiation in many areas, radiation protection methods have gained
importance in order to reduce the harmful effects on humans and the environment. These methods
are time, distance and shielding. One of these three principles, the shield, is the generality of different
types of materials placed between a person or a system and radiation. In this study, it is aimed to
determine the shielding properties by examining the interactions of hematite and magnetite minerals,
which contain high iron element, with gamma radiation. The interactions of the minerals were
determined theoretically using the web version of the XCOM photon section database.
KEYWORDS: hematite, magnetite, mass attenuation coefficient, XCOM database

1. INTRODUCTION

With the increasing use of gamma radiation in various applications such as industry, medicine,
agriculture, nuclear reactors and particle accelerators, the exposure for longer duration of these
radiations can cause very harmful effects on human health. Therefore, the use of shielding becomes
a paramount thing to use these radiations without risk. A variety of materials can be used for
protection against gamma rays radiations. To choose an appropriate type of shielding material, the
energy of radiation must be taken in consideration. Indeed, the effectiveness of the shielding material
is determined by the interactions between the incident radiation and the atoms of the absorbing
medium. The interactions which occur depend essentially on the radiation energy, the chemical
composition and the density of the material [1-3].

Above mentioned, it is seen that the radiation shielding parameters are very important to study in
various fields and is potential useful in development of semi-empirical formulations of high
accuracy. Especially the mass attenuation coefficient (um) parameter, it is momentous to
determination of these value for radiation shielding materials because of the theoretical data shows
probability of interaction and this data can be used for development and characterizations the
materials [4]. The mass attenuation coefficient is basic quantity to determining the attenuation of
Xrays and gamma rays in matters and required for shield design [5].

Photoelectric effect, Compton scattering and Pair production are the main interaction mechanisms
between photon radiation and atoms and nuclei of matter. The Photoelectric effect is dominant
interaction process for low energy photon (< 100 keV), Compton scattering is the dominant
interaction for medium energy photons (100 keV < E < 1022keV) whereas Pair production is
dominant for high energy photons (= 1022 keV). Photoelectric effect is a complete removal process
of photon, whereas pair production generates electron and positron; positron annihilates with
electron producing medium energy photons. Compton effect buildups photon of medium energy
through multiple scattering, which modifies the application of attenuation coefficients using
Lambert Beer’s law for shielding and dosimetry [6-7].

In this study, the interaction mechanisms of the iron minerals magnetite and hematite with gamma
radiation were investigated. The interactions studied are Photoelectric Absorption, Coherent
Scatttering, Incoherent Scattering and Pair Production in Nuclear Field and in Electron Field and
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mass attenuation coefficient. These interactions were determined theoretically using the web version
of the XCOM database.

2. THEORETICAL CALCULATION

Basically, 3 interactions take place during the passage of a photon through the material. These
interactions occur in the form of photoelectric absorption, scattering (coherent scattering, incoherent
scattering) and pair production. If a photon beam with an initial density of 10 penetrates matter, it
will be weakened and its intensity will decrease exponentially according to the exponential law:

(e
I=1lye () = Iye~Hm* (1)

This is called the Beer—Lambert law, where | is the transmitted intensity, x/ is the linear attenuation
coefficient in cm%; p is the material density in g cm-3, x is the thickness of the absorbing medium
and um is the total mass attenuation coefficient (cm?g?) [8].

Ml/p =W (Hl/p)i 2

where p is the mass density of the sample and wi and (* t p)i are the fraction by weight and mass
attenuation coefficient of ith constituent, respectively. The mass attenuation coefficients for total
and partial interactions have been obtained from the XCOM program [8]. Equation 1, this well-
known mixture rule is valid with the assumption that the effects of molecular binding and the
chemical and crystalline environment are negligible. For a chemical compound, the fraction by
weight is given by [8]:

S 3)

boXjaja;

where a and A; are the number of formula units and the atomic weight of the ith element,
respectively.

3. RESULTS AND DISCUSSION

Figure 1 and Figure 2 shows the photon interactions obtained from the XCOM program in the energy
range of 1 keV-10% MeV for the iron minerals magnetite and hematite. The dependence of (um) on
incident photon energy can be explained by the dominance of partial processes of interaction of
photons with materials (Photoelectric Absorption, Coherent Scatttering, Incoherent Scattering and
Pair Production in Nuclear Field and in Electron Field) as shown in Figure 1 and 2. Those figures
show that there are three energy ranges relative to the partial processes: low (E < 0:1 MeV),
intermediate (0:1 MeV < E < 10 MeV) and high photon energy (E > 10 MeV). It can be seen from
those figures that all partial processes depend on the incident photon energy and the chemical
composition of materials. The results obtained for both minerals showed that the photoelectric
absorption and total mass attenuation coefficient in the low photon energy region are higher than the
other regions. In the middle incident photon energies, the total mass attenuation coefficient decreases
gradually as the incident photon energy increases. This is because when the incident photon energy
is between 100 keV and 10 MeV, the Compton Scattering process becomes the dominant mechanism
(particularly inconsistent), with increasing incoming photon energy the partial mass attenuation
coefficient slowly decreases. Finally, in the high energy region (20MeV <E), mass attenuation
coefficient values slowly increase to almost constant. These behaviors are related to the Z-
dependence of the cross section of the Pair Production, which is proportional to Z?
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ABSTRACT

The volume fracturing of large-scale, close-cut horizontal wells in tight oil conglomerate reservoirs
in Mahu Qilfield has achieved remarkable results. For this special lithologic tight oil reservoir, the
pressure change of the reservoir is caused by the fracturing of horizontal wells and the development
and production process, which in turn induces complex changes in the in-situ stress state of the
reservoir. The pore pressure change, minimum principal stress change and bottom hole flow pressure
change of horizontal wells during fracturing and production are simulated by means of integration
of geology and engineering, and then the time change of the force acting on the proppant is
calculated. The simulation results show that the minimum principal stress of the reservoir changes
with the change of pore pressure during fracturing and production of a horizontal well in this well
area, and presents the law of “increase, recover and decrease” during the whole development
process; 32.5MPa decreased to 6MPa, the minimum principal stress decreased from the current
50.0MPa to 36.0MPa, and the force acting on the proppant increased from the current 17.5MPa to
30.0MPa, which was lower than the test limit of 35MPa for closed fracturing of quartz sand. Silica
sand can be used as proppant in the zone.

KEYWORDS - Mahu tight oil, integration of geology and engineering, dynamic in-situ stress, quartz

sand.

1. INTRODUCTION

Volume fracturing in horizontal wells has become an effective method for the development and
production of tight conglomerate reservoir in Mahu oilfield, but the cost of fracturing has been
increased because of large-scale volume fracturing. As a consequence, the urgent problem to be
solved is how to control the cost of fracturing while maintaining the fracturing effect. The research
results of the integration of geology and engineering has been widely used in Mahu area. And
therefore, the difficulties in fracturing transformation of the tight conglomerate reservoir in Mahu
oilfield are analyzed on the basis of strengthening geological understanding. In the meantime, A
multi-aspect comprehensive research is also carried out through combining three-dimensional in-
situ stress, rock mechanics analysis and laws of proppant migration and displacement. Afterwards,
targeted technical measures such as fracturing technics of energy enhancement and storage and
combinations of lower cost fracturing materials have been proposed, and a series of volume
fracturing technology tests have been implemented in several blocks in Mahu area. In these oilfield
tests, the quartz sand replaced the ceramsite as the proppant partially or completely in several blocks,
and achieved excellent results[*-61,

An integrated 3D model with geological and engineering attributes has been established in several
well blocks in Mahu area, which can be used to accurately simulate the fracture morphology of
hydraulic fracturing and predict the fracturing effect of horizontal wellsl™. As a result, the
integrated 3D model is conducive to the realization of well location deployment, fracturing design
and production dynamic prediction in 3D space. The simulation process of dynamic stress field is
introduced in detail as taking a typical well group in a well block of Mahu area as an example.
Firstly, an integrated numerical model is established based on the 3D model. What’s more, the
artificial fracture morphology is fitted according to the fracturing construction data with reference
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to the microseismic monitoring results. Then, the artificial fractures are loaded into the integrated
numerical model to simulate the dynamic variation of the stress field, pressure field and oil saturation
field of the well group during fracturing and production. The dynamic variation of stress field has
important guiding significance for the fracturing design of new well, re-fracturing and proppant
optimization[®-12,

2. DYNAMIC VARIATION LAWS OF IN-SITU STRESS FIELD IN FRACTURED WELLS
The study on the dynamic variation of the in-situ stress field in fractured wells is different from the
conventional numerical simulation. In addition to the conventional simulation of production,
pressure and saturation, the integrated numerical model must also be able to simulate the stress
changes of the 3D in-situ stress field in the production processi***4. What’s more, the complex
morphology of artificial fractures is also able to be characterized completely in the integrated
numerical model due to the large number of fracture series and large scale of fracturing in fracturing
wells. In general, the width of hydraulic fracturing artificial fractures is often about a few millimeters
or even smaller, and the mesh size is extremely small if the artificial fractures are represented by
differential mesh method in conventional numerical simulation!*®. As a result, it is extremely easy
to cause the non-convergence problem of simulation calculations, and even its calculation speed and
calculation efficiency are both extremely lower as the convergence of calculations. In the paper,
finite element mesh method is utilized to characterize the artificial fractures in this conventional
numerical model, which is composed of mesh elements with a triangular mesh inside and a
rectangular mesh outside. The fractures are determined by the 2D plane and the width of a seam
defined on the plane. The biggest advantage of finite element mesh is that it can solve the
convergence of differential meshes representing artificial fractures while ensuring calculation
accuracy and efficiency, and also characterize complex morphology of fractures¢-1l,
A well group is composed of 7 horizontal wells from Well 1 to Well 7 in the early evaluation stage
of a well block in Mahu area with a well spacing 400 m. The 20/40 mesh ceramic grains were used
as the main proppant, and a decent fracturing effect was achieved, as shown in Fig.1.

2.1 The establishment of integrated numerical model
When determining the mesh direction of the numerical model, it is necessary not only to consider
the direction of the fault, the main seepage direction of the sedimentary phases and the arrangement
direction of the well pattern, but also to consider the direction of the artificial fractures. Therefore,
the mesh direction is consistent with the direction of the artificial fractures. The mesh data fields
and geological parameters required for numerical simulation of reservoirs, such as porosity,
permeability, saturation, and original in-situ stress field, are all depend on the 3D geological model
and 3D in-situ stress model. Then, the block permeability curve and PVT data are imported into the
numerical model. The numerical model of 7 wells as shown in Figure 1 adopted a mesh of 25 mx15
mx2 m, and the number of meshes is124x136x29 with a total of 489056 meshes. The main
geological reservoir parameters are shown in Table 1.

2.2 The import of artificial crack loading
The in-situ stress and rock mechanics profile of each section in 7 horizontal wells are extracted
according to the 3D model. Combined with the micro-seismic monitoring results, the actual
construction parameters are used to fit and simulate the length, height, width and diversion ability
of artificial fractures. At the same time, the corresponding fracture parameters are added so as to
form the fracture model with the finite element mesh, as shown in Figure.2.

Table 1. Table of main geological reservoir parameters.

Reservoir parameters Average (range)
Effective thickness (m) 8 (2-15)
Permeability (mD) 1.1(0.1-1.2)
Porosity(%) 10.25 (7.5-12)
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Oil saturation (%) 56 (45-75)
Minimum principal stress (MPa) 50.7 (49-52)
Maximum principal stress (MPa) 65.2 (62-68)

Vertical stress (MPa) 76.1 (72-79)
Pore pressure (MPa) 36.7 (35.1-39.5)

Figure 1. Numerical model of Well 1 to Well 7.

2.3 History Fitting

Different from conventional numerical simulations, the fracturing wells in Mahu area have the
characteristics of large number of fracture series and large amount of fracturing fluid injection,
which have a great impact on the original saturation field and pressure field. The peculiarity of the
block allows that the pressure around the well had reached 60~70 MPa or even higher after the
fracturing was completed. The water saturation in the near-wellbore zone became higher after
fracturing, resulting in a period of initial high water cut and then followed by a rapid drop in water
cut during the production process 1921, If the injection volume is not fitted, the model formation
pressure will be lower than that in the actual formations and the water cut will be lower than that in
the actual formations. As a consequence, the accuracy of the model will be seriously insufficient
and result in large errors in the prediction results. So as to ensure that the initial pressure field and
saturation field of the model are consistent with the actual situation, the total volume of the fracturing
fluid into the well was used as the fluid volume in the model during the simulation calculation.
Figure 3 showed the fitting curve of injection volume for each single well.

"
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Figure 2. Numerical model of 7 wells added fracture parameters

Figure 3. Fitting curve of injection volume for each single well

In the simulation of the production process, the model adopted a constant liquid volume to calculate
and fit the daily oil production and the wellhead pressure. As seen in Figure 4, the data calculated
with the model was in better agreement with the actual data from the historical fitting results.
2.4 Dynamic variation of stress field

As seen in Figure 4, the original average minimum principal stress from the Well 1to Well 7 is about
52.0 MPa, while the average minimum principal stress has dropped to 49.0 MPa as of April 2021.
The minimum horizontal principal stress around the Well 4, Well 5, Well 6 and Well 7 decreased
significantly from 52.0 MPato 47.0 MPa, with a decrease of 5.0 MPa. On the contrary, the minimum
horizontal principal stress around the Well 1, Well 2, and Well 3 was slightly reduced by 0~2.0 MPa
compared with the original value. The change of in-situ stress was consistent with the production
situation of 7 wells in Table.2. The reason of large change in the minimum principal stress in the
area of Well 5, Well 6 and Well 7 is due to the fact that the cumulative production volume in the
area is much greater than the cumulative injection volume. However, the minimum principal stress
near Well 1, Well 2 and Well 3 changed a little, mainly because that the in-situ stress increased due
to the initial fracturing fluid injection, and then gradually recovered to the vicinity of original in-situ
stress during the production process.
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Figure 4. Fitting curve of daily liquid production and daily oil production in Well 5

Table 2. Injection and output statistics of per well

Well number Cumula}tive oil Total injection pro-I(;?Jtcatlion I?foccihc::rt]iﬁﬂd
production (m’) volume (m?) volume (m?3) difference (m?3)
1 10180 22311 22262 49
2 10181 19781 17410 2371
3 5786 23957 8943 15014
4 10035 25931 15682 10249
5 16281 5659 34496 -28837
6 13766 20195 25425 -5230
7 17168 23020 28870 -5850

In order to visually display the changes of the in-situ stress and pore pressure of the 7 wells in the
area, the in-situ stress and pore pressure of a mesh were selected for each of the 7 wells to
approximately represent the in-situ stress and pore pressure of the well, and then the variation law
was analyzed. The minimum principal stress of the 7 wells in the area recovered to the original
minimum principal stress within 4 to 8 months after fracturing, which was consistent with the
variation of pore pressure. Among them, the injection volume of Well 5 was the smallest, the time
for the pore pressure recovering to the original value was the fastest, and the shortest time for the
recovery of the minimum principal stress was 4 months. The variation law of the in-situ stress field,
pore pressure and bottom-hole flowing pressure of the well group during the production process
showed that the in-situ stress changes with the change of pore pressure and presented the trend of
initial increase, mid-term recovery and last decrease. With the increase of oil recovery, the formation
pore pressure decreased and the minimum principal stress also decreased in the later production
period.
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Figure 5. Variation of minimum horizontal principal stress field of each well:(a) Initial minimum
horizontal principal stress field; (b) The minimum horizontal principal stress field in April 2021

2.5 Analysis of dynamic variation in proppant force

The force acting on the proppant is related to the state of stress and pore pressure. For the case where
the main fracture is perpendicular to the direction of the minimum principal stress, the effective
force on the proppant is less than the closure stress since the partial closure stress is borne by the
liquid in the fracture during production. As a result, the force on the proppant is the difference
between the minimum principal stress and the bottom-hole flowing pressurel®?. Taking Well 1 as an
example, the bottom-hole flowing pressure dropped from 32.5 MPa to 6 MPa, as well as the
minimum principal stress dropped from 50.0 MPa to 36.0 MPa during the development process.
Therefore, the force acting on the proppant had increased from 17.5 MPa to 30.0 MPa, and the quartz
sand met the requirements for the proppant in this well area. The capacity of holding formation
pressure has been improved due to the large volume of fluid injection in the horizontal well, such as
Well 5. The well has a cumulative production of 1085 days with a cumulative oil production of
20807 t. At present, the daily oil production is 15 t and the wellhead pressure is 5.4 MPa, equivalent
to the maximum effective force of 29.9 MPa. The long self-injection period and strong pressure
holding capacity of horizontal wells provide conditions for the replacement of quartz sand.
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Figure 6. Variation curve of minimum principal stress and bottom-hole flowing pressure in Well 1

3. FIELD TEST EFFECTS

Taking the Mahu well area with the largest number of quartz sand test wells as an example, the depth
of the middle of the reservoir in the block is 2568~3260 m, the formation pressure coefficient is
1.11~1.18, and the wellhead pressure drops to 0.5 MPa to stop the self-injection. The maximum
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effective force is about 28.6 MPa during the self-injection period. The cumulative oil production of
15 test wells in the block for 270 days was counted. The average horizontal wells using quartz sand
as proppant is 5024 t, while the horizontal wells using the ceramsite as proppant is 5429.4 t, with an
average daily production difference of 1.5 t/d. Considering the factor of horizontal section length,
the cumulative oil production is converted to the cumulative oil production per meter. As a result,
the average oil production per meter of the horizontal wells using quartz sand as proppant is 3.28
t/m, and that of using ceramsite as proppant is 3.68 t/m, which indicated that there was no significant
difference in the average oil production per meter of the horizontal wells with different proppants.
The two wells of 12X6 and 12X7 in T1bs layer of the well area have a buried depth of 3103~3209
m. The test well 12X6 using quartz sand as proppant has a horizontal section of 1612 m and the oil
layer drilling rate of 91.7%, as well as the adjacent well 12X7 has a horizontal section of 1692 m
and the oil layer drilling rate of 85.7%. Therefore, there are basically the same geological and
physical properties of the two wells. The Well 12X6 fractured 41 clusters in section 21, with
fracturing fluid volume 25785 m?® and quartz sand 1814 m?, and the Well 12X7 fractured 42 clusters
in section 22 with fracturing fluid volume 24578 m® and ceramsite 1597 m?®. The fracturing
parameters of the two wells are basically the same except for the difference in sanding intensity. The
Well 12X6 was put into production 1 month later than the Well 12X7, and it has been working for
590 days. Before being interfered by fracturing of other wells, there were no significant difference
in the cumulative oil production and pressure of the Well 12X6 and the Well 12X7, and it can be
shown in Figure 7 and Figure 8.

Figure 7. Comparison of cumulative oil production between 12X6 and 12X7
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Figure 8. Comparison of pressure between MaHW12X6 and MaHW12X7

4. CONCLUSIONS

The results of integrated numerical simulation indicated that the minimum horizontal principal stress
varies with the change of the formation pore pressure. With the increase of the oil recovery, the
formation pore pressure decreases and the minimum horizontal principal stress decreases as well,
which provides favorable conditions for the use of quartz sand as proppants. In view of the current
field application situation, there is little difference in the fracturing effect of using quartz sand
instead of ceramsite as proppants in this well area.
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ABSTRACT

Egirdir Lake is still one of the most irreplaceable natural habitat in the Goller District as well as the
Isparta Province. Egirdir Lake is still the fourth largest lake in Turkey which also provides drinking
water. In this study, the heavy metal distributions in Isparta-Egirdir Lake were determined. The
water samples were taken from the surface of Egirdir Lake and the sediment samples were taken
from the bottom of Egirdir Lake by using Van Veen sediment sampler which were stored in 2000
ml leak-proof polyethylene containers. Measurements were carried out in the spring and autumn of
the year to explore the seasonal changes. Inductively coupled plasma mass spectrometry (ICP-MS)
was used to analyse the heavy metal contents in soil and water samples. The relative abundance of
the median concentrations of heavy metals in the surface water samples were in the order of As >
Cr>Fe > Zn > Ni > Cu > Pb > Hg > Mn > Cd. On the other hand, the relative abundance of the
median concentrations of heavy metals in the sediment samples were in the order of Mn > Ni > Zn
> Cr > Cu > Pb > As > Fe > Cd > Hg. With the exception of As, all heavy metal measurement
findings in Lake Egirdir's surface waters were within the WHO-recommended limit. The median
findings for both seasons showed that Egirdir Lake may be regarded as being clear of Cd, Pb, and
Zn pollution, according to the EPA's recommendation for sediment quality guidelines. On the other
hand, the lake may be classified as being highly As, Mn, and Ni contaminated.

KEYWORDS: Egirdir Lake, Heavy metals, Surface waters and sediments

1. INTRODUCTION

Certainly, water has been one of the most basic need and natural resources for humanity all through
the history [1]. The main sources of water are lakes and rivers. Furthermore, with their sediments,
rocks, soils, surrounds, and inhabitants, lakes comprise an ecological zone in addition to being a
supply of freshwater. Heavy metals are seen as another significant concern that has to be carefully
monitored. For living organisms, there are two types of metals: those that are necessary and those
that are not. Some metals, such as Fe, Ni, Cu, Zn, Co, Mn, and Mo, are necessary for the efficient
functioning of biological and metabolic processes in living beings at a specific level, but other non-
essential metals are threatening to life [2,3]. Additionally, bio-essential metals have the potential to
be harmful in concentrations greater than necessary to people and other living things [4]. Toxic
heavy metals, on the other hand, are dangerous because they have a tendency to bioaccumulate and
can become carcinogenic. Compounds accumulate in living things when they are ingested and stored
more quickly than they are digested or eliminated. As Cd, Co, Cr, Cu, Hg, Fe, Mn, Ni, Pb, and Zn
are accepted by the majority of communities as the primary causes of concern and require monitoring
to avoid damaging effects on human organs and systems [5-9]. In this study, heavy metal
concentrations of As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, and Zn were investigated in sediment and
water samples. The study was conducted at two distinct seasons of the year in order to examine the
seasonal effect. The study was carried out at the beginning of June 2017 (the start of the summer
season), when the lake's water level was at its highest, and at the beginning of November 2017 (the
start of the winter season), when it was at its lowest level [10].
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2. MATERIALS AND METHODS

Isparta is a city in the southwest of Turkey that has one of the largest agricultural areas and orchards
of fruits and vegetables. The entire territory of that section of Anatolia, known as the Goller District,
is home to a variety of water resources. The Egirdir Lake, which covers an area of 457 km?2, is
regarded as the most significant water resource in the region. Latitude 37° 50'41"-38° 16' 55" N and
longitude 30° 57' 43"-30° 44' 39" E are the location coordinates of the lake. Egirdir Lake is the 2nd
largest lake in Goller District and 4th in Turkey [11]. Most of the agricultural lands in this part of
country are irrigated through Egirdir Lake. Moreover, part of drinking water is still provided by
Egirdir Lake through the water pump stations (WPS) it hosts, in the time of aridity (Figure 1 yellow
indicators) [12,13]. With the purpose of distributing the sampling points homogeneously over
Egirdir Lake, land exploration was conducted. Water pump stations belonging to the State Hydraulic
Works (SHW) in Egirdir Lake were taken into considerations in the process of determining the
locations of 12 sampling points.  Collecting samples were performed on days when the lake was
smooth. The sediment samples were collected from the bottom of Egirdir Lake using a Van Veen
sediment sampler, which has dimensions of around 20x30x60 cm and a 250cm2 grabbing area. The
water samples were collected from the top of Egirdir Lake and kept in 2000 ml leak-proof
polyethylene containers (Figure 1, green needles). The detailed entire procedure about sampling and
processing can be found in the previous studies [12,13]. Inductively coupled plasma mass
spectrometry (ICP-MS) was used to analyse the heavy metal contents in bottom sediment and
surface water samples (ACME LABS, Bureau Veritas Mineral, Canada). Statistical analyses were
completed using the SPSS software version 22 (Armonk, NY: IBM Corp., USA). Descriptive
statistics were used to evaluate the distribution forms of collected data. Frequency histograms were
plotted for assessing the normal distribution of the sample results.

3. RESULTS AND DISCUSSIONS

The distributions of heavy metals in surface water and sediment samples are shown in Tables 1 and
2, respectively. The distribution of heavy metals in surface water samples was assessed using World
Health Organization (WHQ) guidelines, and the level of pollution in sediment samples was
determined using U.S. Environmental Protection Agency (U.S. EPA) standards [14,15,16]. The list
of the reference values recommended by these authorities were presented in Table 3 and Table 4,
respectively.
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Table 1 Measured heavy metal conceatrations in surface water samples
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Table 2 Measured heavy metal concentrations in sediment samples
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All 2 values = table are @ milliram per kdogram (ma kg) except for Fe and Ha. Fe and Hg results were given m *s and micropram per kdogram {pg kz) respactively

In the surface water samples, the relative abundance of the median concentrations of heavy metals
was distributed as follows: As > Cr > Fe > Zn > Ni > Cu > Pb > Hg > Mn > Cd. Surface waters'
lowest seasonal average As, Cr, and Cu contents were 9.4 pg/L, 7.8 pg/L, and 0.15 pg/L,
respectively, at sample stations S5, S1, and S9/S12. In contrast to the median value of 14.70 pg/L
in November, the median As concentration in June was 8.40 pg/L. Additionally, the measured
findings for the elements Cd, Fe, Hg, Mn, Ni, Pb, and Zn were below MDL and suggested levels.
Based on the results, the S9 sampling points had the highest seasonal average As and Cr
concentrations in surface waters, measuring 12.55 pg/L and 9.30 pg/L, respectively. The highest
seasonal average results for Cd, Cu, Fe, Hg, Mn, Ni, Pb, and Zn were significantly below the
recommended values and close to the MDL (Table 1). With the exception of As, all heavy metal
measurement results in Egirdir Lake surface waters fell within the WHO-recommended limit values.
A particular emphasis should be placed on As outcomes as well. Except for S5 sampling point, the
seasonal average As concentration was determined to be considerably above the WHO guideling,
which is 10 pg/L. Additionally, compared to the June data, the As concentration was higher in
November. The Sener et al. findings, which stated that the mean As content in Egirdir Lake was 13
0.0025 ng/L, are well verified by these findings [11].

106

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

Table 3 WHO limits for drinkable-water [14]

Heavy metals Guideline value (ng/L)
As 10
Cd 3
Cr 50
Cu 2000
Fe NA
Hg 6
Mn 400
Ni 70
Pb 10
Zn NA

Abbreviation: NA= not available

Table 4 Sediment Quality Guidelines recommended by EPA (mg/kg) [15,16]

Heavy metals Not polluted Moderately polluted Heavily polluted

As <3 3-8 >8

Cd NA <6 >6

Cr <25 25-75 >75
Cu <25 25-50 >50
Fe NA NA NA
Mn <300 300-500 >500
Ni <20 20-50 >50
Pb <40 40-60 >60
Zn <90 90-200 >200

Abbreviation: NA= not available

The relative abundance of the median concentrations of heavy metals in the sediment samples were
in the order of Mn > Ni > Zn > Cr > Cu > Pb > As > Fe > Cd > Hg. S9 sampling site had the lowest
seasonal average of Cu, Cr, Fe, Mn, Ni, Pb, and Zn concentrations in bottom sediments. The Tasevi
settlement and the Hoyran WPS are close to this sampling location. Additionally, the lowest seasonal
average As, Cd, and Hg concentrations were found in sediment samples taken from the S7, S10, and
S4 sampling stations, with values of 9.45 mg/kg, 0.15 mg/kg, and 9 mg/kg, respectively. On the
other hand, the highest seasonal average concentrations for heavy metals in bottom sediments
generated more complicated pattern. Cd, Cr, Cu and Mn concentrations were highest in S1 sampling
point, which is close to the Cay Stream Outfall with values of 0.22 mg/kg, 39.95 mg/kg, 35.98 mg/kg
and 801 mg/kg, respectively. Fe and Zn distributions were highest in S6 sampling point, which is
near the Bedre Beach. Furthermore, the highest seasonal average of As, Hg, Ni and Pb
concentrations were measured in S10, S8, S11 and S4 sampling points, respectively (Table 2). The
median results for both seasons demonstrated that Egirdir Lake can be regarded as being clear of
Cd, Pb, and Zn pollution, according to the EPA's recommendation for sediment quality guidelines.
On the other hand, the lake can be described as being severely As, Mn, and Ni polluted. Moreover,
in relation to Cr element, the lake can be classified as moderately polluted. Besides, while the lake
was non-polluted in the June with Cu, it turned to be moderately polluted in the November. The
median Fe results for both seasons were lower than the average of Earth’s crust, which is 5% [17].
It can be inferred from the current study results that the pollution level of the lake with Pb, Cu, Ni,
Mn and Zn was increased with respect to the findings of Sener et al [11].

4. CONCLUSIONS
Egirdir Lake is still one of the most unique natural wonders in the Goéller District as well as the
Isparta Province. In this detailed and updated study, the heavy metal distributions of Egirdir Lake
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were assessed. It could be stated that Egirdir Lake water, which was investigated in the current study,
were not significantly contaminated, only As concentrations were found to be slightly higher than
the international recommendation. Generally, heavy metal pollution in Egirdir Lake increased as
compared to the findings of earlier studies, particularly in sediment samples.
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ABSTRACT
Semiconductor materials give opportunities to develop some novel product in high technology areas
to present expected properties such as low energy consumption and high efficiency. Amorphous
Indium Gallium Zinc Oxide (IGZO) semiconductor firstly developed in 2003 and after development
of this very beneficial material, its structural, morphological, electrical and optical properties have
been investigated and obtained results have been interpreted.
In this study, we have concentrated on nonlinear optical properties of 1IGZO which has been
deposited as in the form of thin films. Firstly, by producing 1GZO thin films in nano dimensional
thicknesses using Pulsed Laser Deposition (PLD) method and non-linear optical (NL) properties of
thin films have been determined using femtosecond(fs) laser z-scan technique. Linear absorbance
range, nonlinear absorption coefficient, refractive index as well as third order susceptibility have
been calculated and given in details.
KEYWORDS: Nonlinear Optics, z-scan, pulsed laser deposition, optical susceptibility

1. INTRODUCTION

Interaction of laser beam with material is a comprehensive subject and can mainly be divided into
two main categories of linear and nonlinear interactions from the viewpoint of optics depending on
laser beam intensity. In the case of higher laser intensities, materials give a nonlinear response to
an intensive laser beam while linear optical phenomena are taken place in the case of lower laser
intensities. Due to these facilities, a large number of work have been performed by several research
groups all over the world and great results as well as technological outcomes have been given and
reported in literature [1-3]. Investigation of materials depending on laser beam intensities at the
focal point gains attraction as laser technologies develop and gives us some better and better
possibilities as well as flexibilities to set different experimental conditions.

The main concept of photonics can be defined to be production and investigation of new
technological materials showing high nonlinear effects. The most of materials at the present needs
a certain laser intensity to induce nonlinear effects. Some novel structures to produce some new
nonlinear optical properties can be expected in the future with different wavelength.

Novel as well as functional materials are required for the invention and development of
photonics such as new diodes, sensors with several applications, biosensors as well as solar energy
technologies. Conventional or nonlinear optical treatments may be needed to well characterise and
define materials for better usage for novel applications. Itis strongly believed that some new devices
based on nonlinear phenomena in new photonics applications are needed but it is not commercially
available yet [4]. The refractive index and absorption coefficient of materials can be divided into
two parts as linear and complex. These can be given to be

n=ny+n,l (1)
a=ay+Aa (2)

109

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

Where n 0 and o O are linear refractive index and absorption coefficient while n 2 and f are
nonlinear refractive index and multiphoton absorption coefficient, respectively. Where n_2 is
nonlinear refractive index of medium which can be increased or decreased as a function of light
intensity and interprets some significant properties of material, but n_0 remains constant in the case
of linear optics. Here, it would be better to mention thatnonlinear refractive index, n_2, is related to
the real part, y_Re”((3)), of third order susceptibility while the nonlinear absorption coefficient, f,
is related to imaginary part, x_Im"((3)), of, ¥*((3)), susceptibility, which are proportional to the light
intensity | (e<|E|*2), i.e., it can be written as

3
n, « (Xl(i’e))l

B o (xSHI

In the case of third order non-linear processes, the variation of susceptibility, the NL refractive index
and the NL absorption coefficient are all depends on the intensity of laser beam. 1GZO is one of the
most important materials for semiconductor technology and can be used either in crystal structure
or amorph structure depending on applications [5]. It is produced and used in amorphous form to
develop technologies, especially a large number of study has been reported in literature [6] in
amorphous structure and [7] in crystal form, and both form of material have been extensively
investigated and used for Thin Film Transistor (TFT) technology. It is well interpreted that the
deposition of a crystalline 1IGZO thin film can be constructed by a variety of methods and it was
stated that only a-IGZO can be obtained at low temperature and crystallisation 1GZO starts from
1400C and the best crystallisation was obtained at 1800 C under optimized experimental conditions
[7]. An open aperture z-scan experiment was performed to measure two photon absorption
coefficient of a-1GZO thin film produced at room temperature and NL absorption coefficient and
third order susceptibility of a-1GZO have been reported [6]. Crystallization characteristics of IGZO
thin film have been extensively studied as a function of substrate temperature and the thickness of
IGZO thin film [8]. In this work, Jo et al. have employed a RF deposition technique to deposit IGZO
thin films and they have investigated crystalline structure of 1IGZO and then they have allowed
annealing this thin film over an hour at 400-8500C in a conventional furnace and they have reported
that, a-1GZO thin film starts to become c-IGZO structure after 7000C as thin film thickness goes
down to about 10 nm [8]. In another work, Obonai et al. [9] has conducted a detailed work on the
nonlinear optical properties of IGZO thin film produced by sputtering technique at room temperature
as a function of different composition of components and have also investigated the effect of the
change of composition on the performance of field effected transistor (FET). 1GZO thin films were
deposited on glass substrates by ultrasonic spray pyrolysis as a function of the substrate temperature
by Jayaraman [10]. They have investigated physical properties of IGZO thin film and given results
about structural, morphological, optical, and electrical properties of IGZO thin films. Three 425,
450 and 475 °C annealing temperatures were applied and some conclusions were made that IGZO
thin films were produced as a crystalline form in hexagonal wurtzite structure and the substrate
temperature changed the sizes of hexagonal IGZO nanoparticles as well as transmittance in UV-vis
regions and it was concluded that IGZO films have transparent structure ( > 70%) with a minimal
resistivity [10].

In this study, we have worked out linear and nonlinear optical attitudes of IGZO semiconductor
material and determined n, a, B, real, ¥ Re”((3)), and imaginary, x_Im”~((3)), parts of ¥*((3)) as
well as y~((3)) third order nonlinear susceptibility itself. Due to the knowledge of authors, no
compact characterisation of IGZO thin film has not been studied yet, but it can be said that 1IGZO
sample is a transparent semiconductor and commonly used in transistor technologies [11-13].
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Therefore, it is believed that this work will give a significant contribution to 1GZO literature about
its nonlinear optical properties.

2.1GZO THIN FILM PRODUCTION

In this work we have given an extensive study either experimentally of theoretically to give some
important data from 1GZO semiconductor material to check whether we can produce some more
photonics applications or not. Experimentally, firstly we have performed an experiment to produce
IGZO, purchased from Kurt Lesker commercially, thin films by performing Pulsed Laser
Deposition (PLD) and we have performed a number of tests to give some characteristic data about
IGZ0O materials such as UV-Vis spectroscopy, Atomic Force Microscopy (AFM), Scanning Electron
Microscopy (SEM), Profilometry and Z-Scan analysis to give linear absorption coefficient and band
gap, surface morphology, compositional structure, thickness and either nonlinear properties
(nonlinear two photon absorption coefficient and nonlinear refractive index) have been determined,
respectively. All details of these procedure as well as results will be discussed below. PLD system
(given in Fig.1) is used in connection with a Nd:YAG laser (Continuum, Minilite Il, USA) system
which produces laser beam at 1064 nm used to perform IGZO thin films in this work. Laser system
produces laser pulses at 5 ns in duration with a tuneable repetition rate from 1 Hz to 15 Hz. Power
delivered by laser per pulse is changed through a neutral density filter and measured after the filter
at just before the focusing lens using a powermeter.
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Figure 1: PLD system is shown as (a) photograph, (b) schematics of the components of
vacuum system.

Soda lime glasses (SLG) were used as a substrate on which 1GZO thin films were deposited. SLG
substrates were first cleaned in an order of washing with soap foam, bath in acetone/isopropyl
alcohol for fifteen minutes, cleaning in an ultrasonic bath and then dried in a nitrogen gas flow. a-
IGZO films were deposited at room temperature (RT). The laser beam energy per pulse was set to
3 mJ and tightly focused on 1GZO sputtering target surface by using an optical lens with a focal
length of 40 cm. The background pressure in vacuum chamber before start experimenting was
evacuated down to several 107 mbar. Then, a-IGZO sputtering target was ablated by applying laser
pulses and a-1GZO thin films were grown in an O, atmosphere at 2x10° mbar. All details of our
experimental system have been given in several report elsewhere in literature [5, 14-19].

3. RESULTS AND DISCUSSIONS

The morphology of a-IGZO thin films deposited on a SLG substrate was analysed by AFM
microscopy technique. The optical absorption spectra of a-IGZO thin film deposited on SLG was
measured using a UV-Vis spectrophotometer (JASCO, V-670 Spectrophotometer, Japan) and then
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all results obtained have been discussed below. Absorption spectrum of a-1GZO is shown in Fig.2(a)
representing absorbance of a-IGZO over a spectral range from 300 nm to 1500 nm. Linear
absorption coefficient, , of sample has been determined to be « = 0.157. The absorption intensity
in visible region is relatively higher than that in IR region for this a-IGZO thin film. The Tauc
equation has been used to determine photon energy band gap values by using absorption spectrum
as indicated in Eq. (3),

(ahv)>=A(hv-Eg)? (3)

-

a-IGZ0 UV-Vis Absorption Spectrum
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Figure 2: (a) Absorption spectrum of a-IGZO structure, (b) (ahv)? energy diagram of a-IGZO
material as a function of photon energy.

where Eq is band gap value for a-IGZO thin film, A is area illuminated and hv is photon energy. All
of these three parameters are constant during the time duration of experiment. Eg has been
determined by straight line of (ahv)? plotted against (hv) in Tauc plot in Fig.2(b). The band gap has
been determined by performing a calculation using Eq. (3) to be about 3.45 eV and this value has
been used to determine nonlinear optical characteristics of a-1GZO thin film as is discussed below.
In this study, experimental measurement has been obtained from z-scan experiment ans theoretical
analysis of experimental data have been performed. Data was analysed and both nonlinear two
photon B absorption and nonlinear n2 refraction index have been determined and then obtained
results have been discussed below in detail.

Z-scan technique is a cleaver technique used to characterise several types of materials such as
glasses, organic/inorganic crystals, polymers, semiconductors, some organic/inorganic molecules,
liquid crystals, dielectric/metallic coatings, thin films, gases etc. [16, 20-31]. Experimental set-up
for this work is shown in Fig.3 and details have been given elsewhere [21, 22, 32, 33]. A fs laser
system was used to perform z-scan experiments consists of a Ti:Saphire laser system from
Quantronix, NY, USA, delivers laser pulses at 800 nm wavelength at 90 fs pulse duration @1, 2 and
3 kHz repetition rates. In our Z-Scan experimental system, we have an opportunity to measure both
two photon nonlinear absorption coefficient and nonlinear refractive index simultaneously
employing open and closed aperture detectors indicated as DI and D11 as represented in Fig. 3.

In the experimental procedure, we have used a reference detector to measure applied laser intensity
just before focusing lens, after that laser beam focused by a long focal length lens along z axis.
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Figure 3: Experimental set-up fo an open aperture Z-Scan system used in this work.

The sample under investigation moves along z-axis to pass through focal zone of laser beam back
and forth to investigate the sample response to the light beam as a function of the light intensity.
After gathering data from both detectors, we have used some MATLAB codes to fit data to
theoretical equations and then determine this nonlinear absorption and refraction coefficients of
material.

NL optical signal from DI open aperture detector has been measured and then fitted to Eq. (4)

(4)

_ BloLefr 1
T(z,B) = 22 (1422/20%)

where z is the position of sample and z, = mw, 2/ is Rayleigh range [34, 35]. Lesr=1-—
e L) /B is effective length, where B is the effective NL absorption coefficient, w, is the beam waist
at the focal point, 4 is laser wavelength and I is the laser beam intensity at focal point [36].

Table 2. NL two photons absorption (TPA) coefficient (B) and NL refractive index (n2)
parameters of a-IGZO at a laser intensity of 1.43x102 (W/cm?).

Sample Name B(x10~1cm/W) ny(x107 16 cm? /W)

a-1GZ0 7.223 -6.0464

The effective NLO two photons absorption coefficient § value is obtained from open aperture z-scan
transmittance using Eq. (4). Table 2 shows P parameters at the order of 10"** cm/W for a-IGZO
measured by using laser intensities about 102 W/cm? intensity for fs laser pulses.Open and closed
aperture z-scan curves for a-IGZO are shown in figure 4a and figure 4b. The curve in open aperture
(figures 3a) shows characteristic saturable absorption (SA) behaviours [37, 38] which is found out
that transmittance of laser beam through the sample under investigation increases as input laser
intensity increases at focal point [39]. Closed aperture z-scan curve shown in figure 3b demonstrates
no any good fit to theory for a-IGZO characteristics. The negative NL optical refractive index n;
exhibits no clear self-defocusing effect obtained from Eq. (5) and shown in Table 2. n, parameter
for a-IGZO thin film has been calculated as a negative parameter in order of 106 cm?/W [40].
Normalized transmittance z-scan curves from open and closed aperture detectors have been fitted
and plotted using necessary codes in MATLAB programme produced in our laboratory [20-22].
After collection of experimental data via a closed apertured detector, the signal is fitted to an
equation (Eq. (5)) of
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_ 4A¢02
T(Z; Aq)O) =1+ ((ZZ/ZOZ)+9)(ZZ/ZOZ+1) (5)

where z is the position of medium and A, is phase shift. The closed aperture z-scan data gives the
phase shift A, which is given to be A, = (2m/A)n,lyL.rr. The experimental measurements of
NL refractive indeX, n,, and NL-TPA coefficient, B, were carried out to calculate third-order NL
optical susceptibility (°) of a-1GZO thin film. The third-order NL optical properties of a-IGZO
have been calculated utilizing z-scan results which gives opportunity to calculate real and imaginary
values by using following equations;

xS (esu) = 107 —Eocznoz ., (6)
3)(esu) — 102 %A n“ B (7

According to the parameters in these equations, the vacuum permittivity and the velocity of light is
symbolized as &, and c, respectively. Calculated n,and g parameters have been utilized to identify
the third order susceptibility of a-IGZO applying Eq. (8) and results have been shown in Table 3
[40-42].
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Figure 4: (a) a-1GZO open and (b) closed aperture normalized z-scan data have been plotted and a
comparison of experimental and theoretical data has been presented.
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Table 3. The real and imaginary parts of third order NL optical susceptibility of a-1GZ0O.

Sample Name x5 (es) 1) (esu) x®
a-1Gzo -5.737x 10" 4.363 x 10 43634 x 101

1. CONCLUSIONS

The data shows some NL optical properties of a-IGZO and presented performing fs laser z-scan
technique. The open and closed aperture z-scan experimental results make possible to measure third
order NL optical susceptibilities and NL refractive indices and NL two photons absorption
coefficients [43]. These obtained data show that NL two photons absorption coefficient p and NL
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refractive index n2 of a-1GZO have been found to be good candidate of optical limiting devices
applications.

The third order NL optical parameters of a-1GZO in terms of fs z-scan experimental procedure as
well as real and imaginary parts are measured 10-16 esu and 10-14 esu. [, n2 and x(3) values for
the sample have been calculated to be in orders of 10-11 cm/W, 10-16 cm2/W and 10-14 esu,
respectively. Depending on NL optical results of a-IGZO is actively investigated by a number of
scientists and they have been concluded as potential candidate for optical limiter [44, 45] and optical
switches [46] for photonics applications.
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Tiirkiye'de Yapay Zeka Alaninda Lisansiistii Tezlerde Giincel Konular
(1984-2021)
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OZET

Lisansiistii egitim siirecinin en onemli ¢iktisi tezlerdir. Bu tezlerde ele alinan konular, o bilim
dalindaki bilgi birikiminin kapsamina iliskin 6nemli sonuglar ortaya koymaktadir. Ulusal ve
uluslararasi alanda bilimsel ¢alismalarin taranmast ile ilgili olarak yapilmis yiiksek lisans ve/veya
doktora tezlerini analiz eden birgok aragtirmaya rastlamak miimkiindiir. Bu arastirmada Tiirkiye’de
dogrudan yapay zeka ile ilgili anabilim dallarinda hazirlanmis ve Yiiksekégretim Kurulu Baskanligi
(YOK) Tez Merkezi’nde 974 Yiiksek lisans tezi, 296 doktora, 18 Tipta uzmanlik 4 sanatta yeterlilik
ve 2 dis hekimligi olmak {izere 1294 lisansiistii tez incelenmistir. Arastirmanin temel amaci bu
tezlerde odaklanilan konu ve yontemleri tespit etmektir. Bu amagla 2022 yilina kadar (1984-2021)
yayimlanmis tezlerinin genel profilini belirlemeye ¢alisilmistir. Tezler 6zgiin dil, yil, {iniversite,
enstitii, anabilim dali, konu, uygulama alani ve yontem agisindan incelenmistir. Arastirmada nitel
yontem kullanilmis, YOK Tez Merkezi'nde paylasilan tez kiinyeleri ve 6zetlerinden edinilmis
veriler, icerik analizi teknigi ile analiz edilmistir. Yapilan analizler sonucunda yapay zeka
konusunda yapilan tezlerin ¢ogunlukla Bilgisayar Miihendisligi, Elektrik Elektronik Miithendisligi,
Endiistri  Miihendisligi, Insaat Miihendisligi, Makine Miihendisligi, Isletme, Mekatronik
Miihendisligi ve Mimarlik Anabilim Dali’nda ¢alisildig1 ortaya ¢ikmistir. Ayrica tezlerde en ¢ok
arastirilan konunun Bilgisayar Miihendisligi Bilimleri-Bilgisayar ve Kontrol ve en yaygin kullanilan
yontemin yapay sinir aglari, makine 6grenmesi ve derin 6grenme oldugu belirlenmistir.
ANAHTAR KELIMELER: Yapay Zeka, Yiiksek Lisans Tezi, Doktora Tezi, Tiirkiye

Hot Topics in Postgraduate Theses on Artificial Intelligence in TURKIYE
(1984-2021)

ABSTRACT
In online education, which is becoming more and more widespread, it is critical for the quality of
education to evaluate and grade the assignments or exams that students upload to the system.
However, it is time consuming to determine how well the circuit drawings prepared for the digital
logic course, which is a fundamental course in computer engineering and similar disciplines, are not
only correct, but also compatible with the truth table. Content-Addressable Memory (CAM), also
known as Associative Memory, is a data storage and retrieval unit. Typically used instead of the
conventional memories in fast-paced and time-sensitive applications such as address lookup in
internet routers, databases, and pattern recognition. cams implement the search process by
comparing the content itself with a key instead of finding the address like the conventional
memories. Unlike conventional memories where the search process is done sequentially and takes
multiple clock cycles to find the desired data, the parallelism property of the CAMs allows them to
search for the data (content) within the memory unit in a single clock cycle. A logic circuit evaluation
engine is an application that can be used as an educational tool that helps to evaluate hand-drawing
or digital-drawing logical circuit designs. The increase in the speed of the evaluation process helps
the application to be more efficient, especially if there is a large number of designs. In this paper, a
comparison between an FPGA-based logic circuit evaluation engine using CAM versus Random-
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Access Memory ( RAM ) is made in order to demonstrate the advantages of using CAMs over the
conventional memories based on their discussed results.
KEYWORDS: Artificial Intelligence, Master Thesis, PhD Thesis, Turkey

1. GIRIS

Yapay zeka; insan gibi diislinen, insan gibi davranan, akilc1 (rasyonel) diisiinen ve akilc1 davranan
canlilarin zekice olarak kabul edilen davranislarina sahip bilgisayar sistemleridir ve makine
6grenmesi bu anlamda yapay zekanin son evresi olarak kabul edilmektedir (Howard, 2019). Yapay
zeka teknolojileri, endiistriyel siireclerin verimliligini ve etkinligini artirmak i¢in kullanilmak iizere
tasarlanmustir (Sahin, 2021). Bilgi islem ve bilgi isleme tekniklerindeki hizli ilerleme, bilgisayarlarin
¢ikarim, analiz ve karar verme gibi akilli insan davraniglarini simiile ederek gorevleri
gerceklestirmesini saglamayr amaglayan yapay zekanin (Al) ilerlemesini ve uygulamalarini
hizlandirmistir (Topol, 2019). Yapay zeka kavrami, “insan zekasinin sinir sistemi, gen yapisi gibi
fizyolojik ve norolojik yapismmin ve dogal olaylarin modellenerek makinelere (bilgisayar ve
yazilimlara) aktarilmasi” olarak tanimlanmaktadir (Pomerol, 1997). Yapay zeka, canlilarin ve
insanin davranig bi¢giminden esinlenerek sistemlerin modelleme ¢aligmasinin genel adidir (Sucu ve
Ataman, 2020). Giliniimiizde ve gelecekte yapay zeka iizerine sdylenecek birgok sey bulunmaktadir
(Nabiyev, 2012). Yapay zeka insan zekastyla karsilastirildiginda, yapay zekanin daha fazla kalict
oldugu kolaylikla kopyalanabilir ve genis kitlelere ulastirilabilir oldugu goriilebilir (Demir, 2018)
ve bazi tibbi sistemler, potansiyel hastaliklar1 tespit etmede veya biiyiik bir veri setini analiz ederek
karar vermede insan uzmanlara yardimeci olabilir (Zhu, 2020). Gigli yapay zekd karsitlari
makinelerin kalitsal olarak insandan farkli olduklarini savunarak, asla sevgi duyamayacaklarini,
ogruyu ve yanlist sagduyulu bir sekilde ayirt edemeyeceklerini, insan gibi diisiinemeyeceklerini
savunurlar. Bununla birlikte taraftarlar ise insan beyninin tek basina diisiinemeyen suurlu olmayan
bilesenlerden olusup, bir araya geldiklerinde diisiinen ve suurlu olduklarini sdyleyerek ayni
fenomenin makine i¢in de gegerli olabilecegini savunurlar (Sen ve Yurtoglu, 2020).

Tiirkge kaynaklarda Yapay Us ve Suni Zeka olarak da bilinen Yapay Zekanin ¢agdas bir bilim dali
olarak gelismesi 1956 yilinda C. Shannon, M. Minsky ve J. McCarthy’nin ¢abalar1 ve katkilari ile
baglamustir. “Yapay Zeka” adi ilk kez 1956 yilinda ABD’de bir Makine Zekasi konferansinda
kullanilmis bir kavramdir (Allahverdi, 2002). Yapay zekanin amaci insan zekasina sahip
bilgisayarlar gelitsirmek, insanin zeki davraniglari ile benzeyen makineler yapmaktir. 1956’1
yillardan giiniimiize 6zellikle de bilgisayar donanim ve yazilimi, robotlarda gérme, tanima, oriintii
ve konusma algilama, 6grenme, bilissel modelleme, bilgiye erisim, bilgi arama, oyun teorisi, gibi
uygulamalarda kullanilmig binlerce akademik yayin, arastirma projesi ve doktora ¢aligmasina sahne
olmustur.

Yapay zeka ile ugrasan bilim adamlari bir anlamda bilgisayar programlarinin problemleri ¢dzerken
gosterdigi yaklagimin bir insanin davranigina benzemesi olarak kabul edilen bilgisayar sistemleri
gelistirmekle ugragsmaktadirlar (Allahverdi, 2002). Yapay zeka, insanlarda zeka ile ilgili zihinsel
fonksiyonlar bilgisayar modelleri yardimiyla inceleyip bunlar1 formel hale getirdikten sonra yapay
sistemlere uygulamay1 amaglayan bir arastirma alanidir (Nabiyev, 2012). Cagdas diinyada bilgisayar
ve bilgisayar sistemleri yasamin vazgegilmez pargast haline gelmistir. Elimizdeki cep
telefonlarindan, evlerimizdeki buzdolaplari, bulagik makinasi, ¢amasir makinasina kadar bir ¢ok
makine bilgisayar sistemleri ile calismaktadir. Is diinyasindan kamu gevrelerine, cevre ve saglk
sektoriinden askeri sistemlere kadar hemen hemen her alanda bilgisayardan faydalanmak gereklilik
haline gelmistir. Bunun tersini diisinmek bile teknolojinin nimetlerini hige saymak olarak
goriilebilir (Oztemel, 2012).

Ozetle yapay zeka; “insan gibi diisiinen, insan gibi davranan, akilc1 (rasyonel) diisiinen ve akilc
davranan” (Atalay ve Celik, 2017), canlilarin zekice olarak kabul edilen davraniglarina sahip
bilgisayar sistemleridir ve makine 6grenmesi bu anlamda yapay zekanin son evresi olarak kabul
edilmektedir. Yapay zekd uygulamalarinin en basinda giiniimiizde insansi robotlar gelmektedir
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(Selwyn 2019). Ozellikle gelisen teknoloji ve yeni dogan ihtiyaglarla birlikte yapay zeka ve insanst
robotlara ilgi her gegen giin artmaktadir (Oztiirk, Sahin, 2018).

YZ kavramini ilk duydugumuzda ister akademisyen, 6gretmen, dgrenci olsun ister isadami olsun
birgok kisi tizerinde oldukga fazla merak uyandirmaktadir. Bu merakin nedeni olarak aslinda zeka
gibi soyut kavramin yapay olarak nitelendirilmesi olarak aciklanabilir. Yapay zekanin uyandirmis
oldugu bu merakin nedeni olarak igerigi yada temsil ettigi konular hakkinda birgok kisinin ciddi bir
bilgiye sahip olmamasindan da kaynaklanabilir. Yapay zeka ile birlikte daha ¢cok duyulan ifadeler
ise uzman sistemler, yapay sinir aglari, bulanik mantik, genetik algoritmalar, makine dgrenmesi,
etmen tabanli sistemlerdir (Allahverdi, 2002). Bunun yaninda yapay zeka konular ile ilgilenen
bilgisayar miihendisligi, endiistri mithendisligi, felsefe, bilissel bilim, elektronik bilimler gibi bircok
disiplin bulunmaktadir. Yapay zeka konusunda son zamanlarda Tiirk¢e yayinlanmis bazi yayinlar
olsa da heniiz yeteri diizeyde olmadigini sdyleyebilir. Bu ¢alisma da Tiirkiye’de dogrudan yapay
zeka ile ilgili anabilim dallarinda hazirlanmis ve Yiiksekogretim Kurulu Baskanligi (YOK) Tez
Merkezi’nde yaymlanmis 1294 lisansiistii tez incelenmistir. Bu tezlerde odaklanilan konu ve
yontemler tespit edilerek 2022 yilina kadar (1984-2021) yayimlanmis tezlerin genel profilini
belirleme amaci tasimaktadir.

Tablo 1. Gegmis Yillarda Yapilan Calismalarin Ozeti (Topal ve Sahin, 2016)

Yazar (Yil) Yillar Konu

Sekreter ve Akyiiz (2003) 1995-2002 Pazarlama Arastirmalari

Ari ve ark. (2009) 1990 - 2005 Pazarlama Ve Y06netim Alani
Benligiray (2009) 1983-2008 Insan Kaynaklar1 Y6netimi

Kayabagi (2010) 2010 Lojistik

Yalcin (2011) 1941-2010 Jeoloji

Ciltas (2012) 2012 Matematik Egitimi

Gomleksiz ve Bozpol (2013) 2013 Egitim Programlar1 Ve Ogretim Alam
Bakir (2013) 1994-2012 Pazarlama

Alkan 2014 1984-2012 Muhasebe

Bas ve ark. (2014) 2002-2012 Entelektiiel Sermaye

Bozyigit (2016) 2014-2015 Tiirkiye’deki Lojistikle Ilgili Lisans Béliimleri
Celik (2016) 2000-2015 Yenilikgilik

Topal ve Sahin (2016) 2000-2015 Tedarik Zinciri Ynetimi

Bu caligma 1984-2021 Yapay zeka

2. LITERATUR ARASTIRMASI

Yapay zeka insan zekasinin ileri teknoloji ile kopyalanmig, mantikli ve matematiksel kararlar
verebilen teknoloji sistemidir (Topakkaya, Eyibas, 2019). Yapay zekanin sezgisel karar vermeyi
yonlendiren taklit edebilme ve ¢ogaltabilme gibi insana 6zgii nitelikleri gergeklestirebilmesi oldukga
zor gorilmektedir. Gelecekte yapay zekanin insan-yapay zeka is birliginde karar verme siirecinde
insan yerine ge¢ebilmesi tartisilan konular arasinda yer almaktadir (Jarrahi, 2018).

Yapay zeka, insan tarafindan yapildiginda zeka olarak adlandirilan akilli davraniglarin makineler
tarafindan da yapilabilmesidir. Yapay zeka aslinda insan aklinin nasil ¢calistigini1 gosteren bir kuram
seklinde de aciklanabilir. Yapay zekanin makineleri daha akilli hale getirmek, zekanin ne oldugunu
anlamak ve makineleri daha faydali olacak sekilde gelistirme amaci vardir (Tektas ve ark., 2002).
Teknolojik gelismeler sonucu ortaya ¢ikan inovatif iirlinlerden biri de kollobratif robotlar olarak
bilinmektedir. Gliniimiizde fabrikalarda iscilerin yardimeilart niteliginde gorev yapan bu robotlar
iiretim siireclerindeki hem hiz ve verimliligi artirmakta hemde maliyetleri diisiirmektedirler (Kurt,
Bozokulu, 2019). Bu teknolojik gelismelerin yaninda ayrica ses tanima ve anlama ile konusulan tiim
icerikler mikrofon tarafindan dijitallesir bir duruma getirilir ve bu sesler, harflere doniigmekte,
kelimeler ise algilanmaya ydnelik calismaya baslamaktadir. Bireysel yonde kullanilan Google
Asistan, Siri, Cortana, Now ve Echo onemli 6rnekler olarak gosterilebilir. Kurumsal ortamlara
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bakildiginda sirket santral sistemlerinde sesli yanitlama o6zellikleri ve ¢agr1 merkezlerinde insan
olamadan sadece sesli miisteri hizmetleri, sesli imza tarzi uygulamalar olarak goriilebilmektedir.
Baska bir teknoloji ise goriintii islemedir. Burada kamera sayesinde c¢esitli goriintiiler ortaya
¢ikmaktadir. Bu yonde de bilisim giicti dijital yonde algilanmaktadir. Kameranin pikselleri dijital
ortamda bir kod seklinde gosterilmektedir. Bu pikselleri anlamada yapay zeka teknolojilerinin
algoritmalar1 kullanilmaktadir. Gortintii isleme ile ilgili olarak siiriiciisiiz araca verilen konum bilgisi
ile aracin sensorler ile etrafin1 algilayip aract dogru konuma gotiirmesi giizel bir 6rnek olarak
gosterilebilir. Ayrica giivenlik kameralarmin tehlikeli durumlar1 algilaylp alarma ge¢mesi
olusabilecek tehlikeyi dnlemesi oldukca 6nemlidir. Bunun yaninda cep telefonlarindaki kameralarda
yer alan tam cihazlar1 da saglik agisinda gerekli tespitler noktasinda gelistirilmis faydali
algoritmalardir. Ayrica dogal dil isleme ile climlelerde arama yapma, baska dile ¢evirme gibi
algoritmalarin gelistirilmesi de gilinliik hayatimizda kullandigimiz &rneklerdir. Google’in arama
motorunda Skype’ta konusan kisinin konustugu dili algilayip bagka bir dile gevirebilme 6zelligi
bulunmaktadir. Belki de en dikkat ¢ekici olan muhakeme 6zelligidir. Muhakeme esnasinda karsit
diislinceye sahip olan kisi dinlenir ve bir yargiya varilir. Yapay zeka bu nokta da olay1 degerlendirip
rasyonel bir ¢ikarimda bulunmasi beklenmektedir (Sucu, Ataman, 2020).

DoNotPay Ingiliz-Amerikali bir girisimci olan Joshua Browder tarafindan kurulmus bir hukuk
hizmetleri sohbet robotudur. Chatbot baglangicta park cezalarina itiraz etmek i¢in inga edilmistir,
ancak daha sonra diger hizmetleri de icerecek sekilde genisletilmistir. Bir "robot avukat" olan
DoNotPay, her ii¢ ayda bir 36 ABD dolar1 abonelik maliyetiyle yasal hizmetler sunmak i¢in yapay
zeka kullanan indirilebilir bir mobil uygulama olarak bilinmektedir (Adhikari, 2020). Giinlimiizde
robotlar, olduk¢a fazla kullanim alani bulmaktadirlar. Bu sayede insanlarin mesleki alanlar
icerisinde kendine yer bulmaya baslamstir (Selwyn, 2019). Caliburger adinda bir burger firmasi,
Miso Robotics firmasindaki mutfak bdliimiine entegre ettikleri Flippy adi verilen robot ile isbirligi
yapmuslardir. Bu sayede yemek hazirlatan hamburger sefi olarak calisan bir robot tasarlamislardir.
Ayrica bu yonde engelliler i¢in de robot kullanimi sayesinde giinlik hayati daha da
kolaylagtiracagina diisiinerek turizm de seyahatlerde de tercih edilmeye baglanmistir (Sucu, Ataman,
2020).

Giliniimiizde yapay zeka uygulamalar1 ile yapay zekaya entegre edilen robotik teknolojilerin
insanligin hizmetine daha fazla dahil oldugu goriilmektedir. Yapay zekayr diger teknolojik
gelismelerden farkli kilan 6grenebilen bir algoritmaya sahip olmasidir. insanligin yaratilmasindan
giiniimiize kadar olan siirecte en biiyiik esiklerden biri olarak yapay zekanin gelistirilmesi kabul
edilebilir (Kafali, 2019).

Genel olarak insan zekasi soyut ve somut kavramlar arasindaki iligkiyi kurabilme, muhakeme etme,
soyut diisiinme ve zihinsel islevlerini amaca yonelik kullanabilme olarak tammlanmaktadir. Insan
sahip oldugu zekasi ile bazi nesneler arasindaki iliskileri gorebilmekte, kaliteyi anlayip ve degisik
nesnelerin nasil birbirleriyle iligkili olduklarim1 ortaya koyacak sekilleri tanimlayabilmektedir
(Topakkaya, Eyibasg, 2019).

Literatiir incelendiginde, pazarlama, insan kaynaklari, jeoloji, siirdiiriilebilirlik ve sosyal
sorumluluk, lojistik, muhasebe, entelektiiel sermaye, yenilik¢ilik gibi farkli konularda arastirmalar
yapildig1 goriilmistiir. Yiiksek lisans ve doktora diizeyinde yapilan bu arastirmalarda genellikle
verilerin toplanmasinda dokiiman analizi, verilerin ¢6ziimlenmesinde igerik analizi, betimsel analiz,
frekans analizi, tipolojik analiz vb. yontemlerin kullanildig: tespit edilmistir. Literatiirde yapay zeka
konusunda yapilan lisansiistii galigmalar incelendiginde daha ¢ok yapay sinir ag1, makine 6grenmesi,
derin 6grenme konularinda ¢alisildig: tespit edilmistir. Bu arastirma ile yapay zeka konusuyla ilgili
yapilan lisansiistii tezlerinin mevcut durumunu ortaya koymanin yani sira ileri ¢aligma onerileriyle
alana farkli bakis agilar1 sunma agisindan literatiire katki saglanacag diisiiniilmektedir.

Sekreter ve Akyiliz (2003), caligmasinda, 1995-2002 yillar1 arasinda, yurt digindaki Onemli
dergilerde pazarlama aragtirmalari alaninda yayinlamis makalelerin, uygulamis olduklari aragtirma
yontemlerine iligskin bir yazin taramasi yapmustir. Ar1 ve ark., (2009) Gazi tiniversitesinde 1990 ile
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2005 yillar1 arasinda pazarlama ve ydnetim alaninda yazilmis olan yiiksek lisans tezleri
incelenmistir. Benligiray (2009) 1983-2008 yillar1 arasindaki insan kaynaklar1 yonetimi alaninda
toplam 2216 lisansiistii tezin yapildig1 tespit edilmistir. Kayabasi (2010), ¢alismasinda miisteriler
tarafindan lojistik faaliyetlere yonelik sikdyetlerinin arastirilmasi amaglanmig ve bu amagla, icerik
analizi ile anket yontemi kullanilarak elde edilen veriler analiz edilmistir. Yal¢in (2011) 1941-2010
yillar1 arasinda 26 dgretim iiyesinin damigsmanliginda 140 tez yapildigini ve Istanbul Universitesi’nde
jeoloji konusunda tamamlanmis olan doktora tezlerini ilgili konu, danigsman 6gretim iiyesi ve
tamamlanma yil1 gibi kriterler cergevesinde incelemistir. Altuntas Ve Tiirker (2012), 2007-2010
yillar1 arasinda siirdiiriilebilirlik ve sosyal sorumluluk adlari ile rapor yayinlayan 17 firma
belirlenmis ve Tiirk is diinyasi i¢in heniiz yeni bir uygulama alani olan siirdiiriilebilir tedarik
zincirlerinin, Tirkiye’de stratejik olarak nasil kavramsallagtirildigi ve uygulandigini analiz
etmektedir. Bakir (2013) 1994-2012 yillar1 arasinda pazarlama konusunda yapilmis 184 doktora
tezinin genel bir profilini ortaya ¢ikarmis ve bu dogrultuda tezler, 6ncelikle yayinladig: yil, yazar
adi, danigman adi, tiniversite, bilim dali, veri toplama yontemi ve veri analiz yontemleri agisindan
incelenmistir.

Alkan, 2014, yaptig1 ¢alisma da 1984-2012 yillar1 arasinda muhasebe alaninda yazilan ve erigime
acik 656 lisansiistii tezi segmis ve secmis oldugu tezleri igerik analizi yontemi kullanilarak
konularina, kullanilan ydnteme, gelistirilen Oneri ve alana katki gibi belirli kriterlere gore
incelemistir. Bag vd. (2014) 2002-2012 yillar1 arasinda Tiirkiye’de entelektiiel sermaye alaninda
yazilmis olan ve anahtar kelimeleri bulunan lisansiistii (yiiksek lisans ve doktora) tez ¢caligmalarinin
icerik analizi yontemiyle incelenmistir. Celik, (2016), ¢alismasinda 2000-2015 yillar1 arasinda
Tiirkiye’de yenilikgilik konusunda yapilan doktora tezlerinin genel profilini belirlemeyi
amaglamaktadir. Calisma yenilik¢ilik konusunda yapilan 100 doktora tezini kapsamakta ve tezler
Ozgiin dil, yil, iniversite, enstitii, anabilim dali, konu, uygulama alani ve yontem agisindan
incelenmistir.

3. ARASTIRMANIN AMACI VE YONTEMIi

Bu arastirmanin amaci, yapay zeka konusunda Tiirkiye’deki iiniversitelerde yiiriitiilen lisansiistii
tezlerinin genel bir profilini ortaya ¢ikarmak ve bu tezlerde kullanilan yontemlerin yillar i¢erisindeki
dagilimini tespit etmektir. Bunu gergeklestirmek i¢in arastirmaya konu olan lisansiistii tezleri belirli
kategoriler c¢ercevesinde analiz edilmistir. Yapay zeka konusunda ka¢ adet lisansiistii tez
yapilmistir? Yapilan tezlerin 6zgiin dillerine gére dagilimlari, iniversitelere, enstitiilere ve anabilim
dallarina gore dagilimlari, konulara ve uygulama alanlarina gore dagilimlart ve daha ¢ok hangi
yontemlerin kullanildigi seklinde sorulara cevaplar aramaktadir.

Aragtirma kapsaminda bulunan tezlerin tespit edilmesi ile ilgili olarak Yiiksek Ogretim Kurumu Tez
Merkezi’den yararlanilmistir. Arastirma kapsaminda bu tezlerin giincel ve hatasiz oldugu kabul
edilmistir. Arastirmanin ana kiitlesini Tiirkiye’de yapay zeka konusunda yapilan lisansiistii tezler
olarak belirlenmis olup, orneklem 1987-2021 yillar1 arasinda yapilan lisansiistii tezler olarak
secilmistir.

Nitel arastirma, “gdzlem, gorisme ve dokiiman analizi gibi nitel veri toplama tekniklerinin
kullanildigi, algilarin ve olaylarin dogal ortamda gergekgi ve biitiinciil bir bigimde ortaya konmasina
yonelik nitel bir siirecin izlendigi arastirma” olarak tanimlamak miimkiindiir (Yildirim ve Simsek,
2008). Nitel arastirma, disiplinler arasi biitiinciil bir bakis agisini esas alarak, aragtirma problemini
yorumlayici bir yaklagimla incelemeyi benimseyen bir yontemdir. Uzerinde arastirma yapilan olgu
ve olaylar kendi baglaminda ele alinarak, insanlarin onlara yiikledikleri anlamlar agisindan
yorumlanir (Altunigik ve ark., 2010). Geleneksel olarak goriisme, gdzlem, dokiiman inceleme ve
odak grup caligmasini iceren nitel arastirma yontemleri arastirdiklari merkezi temaya gore farklilik
gosterebilmektedir (Dedeoglu, 2002).

Arastirma kapsaminda incelenen konuyla ilgili olgu ve olaylar hakkinda bilgi iceren yazili belgelerin
analiz edilmesiyle veri saglanmasina dokiiman incelemesi denilmektedir. Arastirma yapilan alanla
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ilgili pek ¢ok bilgi goriisme ve gozlem yapmaya gerek kalmaksizin belge inceleme yoluyla elde
edilebilir. Bu sayede arastirmaci zaman ve kaynak tasarrufu saglamis olur. Hangi dokiimanin 6nemli
oldugu ve veri kaynagi olarak kullanilabilecegine arastirma konusuna bakarak karar vermek gerekir
(Yildirim ve Simsek, 2008).

Aragtirmada Yiiksek Ogretim Kurumu Tez Merkezinin web sayfasindan yapay zeka anahtar
kelimeleri ile taramalar yapilmis olup, bu alanda yapilmig 1294 lisansiistii teze ulagilmistir. Elde
edilen veriler tablolar yardimiyla 6zgiin dil, yil, {iniversite, enstitii, anabilim dali, konu ve yonteme
gore siniflandirilmastir.

Tablo 2. Yapay Zeka ile ilgili Lisans Programlar1 ve Bagli Bulunduklar1 Universiteler

Universite Adi Program Adi Siire | Kontenjan
Ankara Universitesi (Devlet) Yapay Zeka Ve Veri Mithendisligi 4 25
?Dag\flﬁfe Universitesi (Ankara) Yapay Zeka Miihendisligi (ingilizce) 4 40
Istanbul Teknik Universitesi (Devlet) | Yapay Zeka Ve Veri Miihendisligi (Ingilizce) 4 40
Yapay Zeka Miihendisligi (Ingilizce) (Ucretli) 4 27
Bahgesehir Universitesi (Istanbul) Yapay Zeka Miihendisligi (Ingilizce) (Burslu) 4 8
(Vakif) Yapay Zeka Miihendisligi (Ingilizce) (%50 4 21
Indirimli)
Ostim Teknik Universitesi (Ankara) Yapay Zeka Miihendisligi (Burslu) 4 6
(Vakif) Yapay Zeka Miihendisligi (%50 Indirimli) 4 34
Yapay Zeka Miihendisligi (Ingilizce) (Ucretli) 4 10
Tobb Ekonomi Ve Teknoloji Yapay Zeka Miihendisligi (Ingilizce) (Burslu) 4 10
Universitesi (Ankara) (Vakif) Yapay Zeka Mithendisligi (Ingilizce) (%50 4 10
Indirimli)

Tiirkiye’de yapay zeka tizerine uzmanlagmak isteyen 6grenciler i¢in tezli ve tezsiz olarak toplamda
15 iniversitede yiiksek lisans boliimii bulunmaktadir. Yapay zeka, veri bilimi, veri analitigi, bliyiik
veri ve is zekasi gibi konulara agirlik veren yiiksek lisans boliimleri Tablo 3’te yer verilmistir.
Tablo 3. Yapay Zeka ile ilgili Lisansiistii Programlar ve Bagli Bulunduklar1 Universiteler

Universite Adi Béliim Adi Tezli | Tezsiz
Abdullah Giil Universitesi | Veri Bilimi Yiiksek Lisans X
Akdeniz Universitesi Veri Analitigi Ve Yonetimi Yiiksek Lisans X
Bahgesehir Universitesi Biiyiik Veri Analitigi Ve Yonetimi / Yapay Zeka Yiiksek Lisans | X X
Cankaya Universitesi Veri Analitigi Yiiksek Lisans X X
Dokuz Eyliil Universitesi Veri Bilimi Yonetimi Ve Analizi Yiiksek Lisans X X
Galatasaray Universitesi Veri Bilimi Yiiksek Lisans X
Istanbul Teknik Universitesi | Biiyiik Veri Ve Is Analitigi Yiiksek Lisans X
Izmir Bakircay Universitesi | Is Zekas1 Ve Veri Analitigi Yiiksek Lisans X
Kog Universitesi Data Science Veri Bilimi Yiiksek Lisans X
Marmara Universitesi Veri Miihendisligi Yiiksek Lisans X
Ozyegin Universitesi Veri Bilimi Yiiksek Lisans / Yapay Zeka Yiiksek Lisans X X
Sabanci Universitesi Veri Analitigi Yiiksek Lisans X
Ted Universitesi Uygulamali Veri Bilimi Yiiksek Lisans X X
Uskiidar Universitesi Yapay Zeka Yiiksek Lisans X X
Yeditepe Universitesi Veri Bilimi Yiiksek Lisans X X
4, BULGULAR

Yiiksek Ogretim Kurumu Ulusal Tez Merkezinden elde edilen verilere gore Tiirkiye’de yapay zeka
konusunda toplam 1294 adet lisansiistii teze ulagilmistir. Arastirma kapsaminda 1294 adet lisansiistii
tez secilmistir.
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Ozgiin dillere gore dagilim incelendiginde yaklasik olarak %70,79 Tiirkge, %29,06 Ingilizce oldugu
goriilmektedir. 2019, 2020 ve 2021 yillarinda 549 ¢alisma yapilmig olup bu ¢aligsmalardan 262’si
Tiirkce olarak hazirlandig1 goriilmektedir. Ayrica tiim yillar iginde %42,43’ 2019, 2020 ve 2021
yillarinda hem Tiirkge ve Ingilizce olacak sekilde hazirlandigi goriilmektedir. Yapilan tezlerinin
Gazi, [stanbul Teknik, Orta Dogu Teknik, Sakarya, Selcuk ve Yildiz Teknik Universitesi tarafindan
hazirlandig tespit edilmistir.

Tablo 4. Yapay Zeka Alaninda Yapilan Lisansiistii Tezlerin Ozgiin Dillere Gore Dagilin

Yil Doktora | Yiiksek Lisans | Diger | Toplam
1987 3 3
1988 2 2
1989 1 0 1
1990 1 2 3
1991 1 10 11
1992 1 5 6
1993 1 4 5
1994 1 4 5
1995 4 8 12
1996 1 8 9
1997 3 11 14
1998 5 21 26
1999 2 10 12
2000 4 12 16
2001 6 16 22
2002 4 16 20
2003 4 28 32
2004 4 32 36
2005 7 23 30
2006 7 25 32
2007 14 22 36
2008 8 16 3 27
2009 10 25 35
2010 12 31 43
2011 12 20 1 33
2012 9 28 37
2013 8 18 26
2014 7 25 32
2015 8 23 31
2016 15 25 1 41
2017 13 29 1 43
2018 14 50 64
2019 25 142 1 168
2020 32 112 7 151
2021 52 168 10 230

Toplam 296 974 24 1294
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Sekil 1. Yapay Zeka Alaninda Yapilan Lisansiistii Tezlerin Ozgiin Dillere Gore Dagilimi

Yapay zeka alaninda yapilan lisansiistii tezlerin yillara gore dagilimi Sekil 1°de goriilmektedir. Sekil
1 incelendiginde yapay zeka alaninda yapilan lisansiistii tezlerde 2017 yilindan sonra bir artig
goriilmektedir. 2017 yilina kadar yapilan ¢aligmalarin belli seviyede artarken bu yildan sonra biiyiik
bir artis oldugu goriilmektedir. 2017 yilinda daha ¢ok yiiksek lisans c¢alismalarinda artig, 2020
yilindan sonra da doktora ¢aligmalar1 artmaya baglamistir.

Tablo 5. Yapay Zeka Alaninda Yapilan Lisansiistii Tezlerin Universitelere Gore Dagilimi

. ol d|l | | ||l Ol ~|] 0| o O 4 %
Universite S| o|o|oc|o|s|o|s|lslaslslsl = %
N N N N N N N N N N N N |9
Ankara Universitesi 1 1 1 1 4 1 4 16 1,24
Bahgesehir Universitesi 2 2 514 |9 % 37 2,86
Bogazigi Universitesi 1 1 1 1 1 2 5 2 1 23 1,78
Cukurova Universitesi 1 1 3 2 4 2 16 1,24
Dokuz Eyliil Universitesi | 2 |2 |1 1 (1 |1 |5 (4 |9 |27 2,09
Ege Universitesi 3 |1 3 [1 [1 |1 ]2 |7 |24 1,85
Erciyes Universitesi 3 |14 (1|2 |1 |2 1 ]1 (1|3 é 43 3,32
Firat Universitesi 2 1 2 1 1 1 3 1 5 34 2,63
Gazi Universitesi 7 2 1 1 3 1 1 4 2 4 57 4,40
Gaziantep Universitesi 1 1 101 1 12 |2 |14 1,08
Hacettepe Universitesi 1 1 1 1 ]2 |3 |2 |18 1,39
[stanbul Aydin 1|1 1|1 |1 |1 |21 |5 |4 |18 | 139
Universitesi
Istanbul Teknik 1 3 1 2
Universitesi 3 2 4 3 4 5 1 8 1 0 3 6 1751 1352
[stanbul Universitesi 1 |1 1 |2 |1 |1 |4 |4 |3 |7 |36 2,78
Karadeniz Teknik 11 13|11 2 |1 |5 |26 | 201
Universitesi
Marmara Universitesi 1 1 2 1 1 1 1 1 3 7 5 39 3,01
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. ] ola|la|lmw|<|w]|o|~|w|la|lol | &
Universite S|s|s|c|s|s|s|la|las|a|lal38| a %
N N N N N N N N N N N N IS
Ondokuz Mayis 11311 |12 1 3 |4 |3 |19 | 147
Universitesi
Orta Dogu Teknik 2 |1 |2 4 |3 |4 3 2 |2 |66 | 510
Universitesi
Sakarya Universitesi 4 |2 1 |1 |3 |3 ]2 |1 |2 |6 |1 |5 4,17
Selguk Universitesi 3 3[4 |1 |1 |1 2 |8 |2 |2 |52 4,02
Silleyman Demirel 2 |1 2 |1 11 2 |2 |25 | 1,93
Universitesi
Yildiz Teknik 1 2 (2|2 |1 |3 |4 |1 |6 |6 |6 |48 | 371
Universitesi

Yapay zeka alaninda yapilan lisansiistii tezlerin liniversitelere gére dagilimi Tablo 5’de verilmistir.
Tablo 5 incelendiginde en ¢ok Istanbul Teknik Universitesi, daha sonra sirasiyla Orta Dogu Teknik,
Gazi, Sakarya ve Selcuk Universitelerinde ¢alisma konusu oldugu gériilmektedir. Bu calismalar
daha ¢ok 2019, 2020 ve 2021 yillarinda oldugu tespit edilmistir.

Tablo 6. Yapay Zeka Alaninda Yapilan Lisansiistii Tezlerin Enstitiiye Gore Dagilimi

Enstitii Frekans %
Bilisim 19 1,47
Biyo-Medikal Miihendislik 1 0,08
Biyoteknoloji 1 0,08
Dis ticaret 1 0,08
Dis hekimligi 2 0,15
Egitim arastirma 1 0,08
Egitim bilimleri 11 0,85
Ekonomi ve Sosyal Bilimler 1 0,08
Enerji 1 0,08
Enformatik 4 0,31
Fen bilimleri 899 69,47
Giizel Sanatlar 9 0,70
Isletme 1 0,08
Lisansiistii Egitim 65 5,02
Miihendislik ve Fen Bilimleri 27 2,09
Niikleer Bilimler 2 0,15
Saglik Bilimleri 17 1,31
Sosyal Bilimler 214 16,54
Tip 16 1,24
Yurt disi enstitii 2 0,15
Toplam 1294 100

Tablo 6 incelendiginde ise yapay zeka alaninda lisansiistii ¢alismalarinin yaklasik %69,47 oraninda
Fen Bilimleri ve yaklasik % 17 oraninda ise Sosyal Bilimler Enstitiilerinde calisildigi, bunun
yaninda %22,33 ile Bilgisayar Miihendisligi anabilim dalinda ve %10,59 oraninda ise Elektrik
Elektronik Miihendisligi anabilim dalinda ¢aligildig1 gériilmektedir. Bunun yaninda Endiistri, Ingaat
ve Makine Miihendisligi anabilim dallarinda da yapay zeka alaninda lisansiistii ¢aligmalar1 yapildig:
goriilmektedir.
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Tablo 7. Yapay Zeka Alaninda Yapilan Lisansiistii Tezlerin Anabilim Dallarina Gore Dagilimu

o — N o <t n [{e] M~ (o0} (o] o — %
AnaBilim Dah S|o|els|c|ela|3|alala|8]|a]| %
N N N N N N N N N N N N |S

Bilgisayar Miihendisligi 1518 |8 |5|10|12| 6 |12|15|36 |30 | 43 | 289 | 22,33
Biligim Sistemleri 110|110 2 O(1(3 1|3 |16 ]| 1,24
Elektrik Ve Elektronik 11| 7 [12] 11|10 23 | 137 | 1059
Miihendisligi

Elektronik Ve Haberlesme ol1lz|zlofslolofz|4ala]|3]|17] 13
Miihendisligi

Elektronik-Bilgisayar Egitimi 111(0|2|1|0|0|0O|1|1|0]|O0]|16| 124
Endiistri Mithendisligi 3/]0(4(3[1(2|0|2|3|8|7]|6]80 6,18
iktisat 0|1/0(0|2|0|0|0O|0|3|3|4]|16| 1,24
Insaat Miihendisligi 2|5(|3|1|1|1|2|2|4|8|0|6]|69]| 533
Istatistik 1(0(2(1(1(0f(1|1({0|2 1|2/ 14 1,08
1$letme 211|10(3|2|1|5(1|6|6|16|15]| 76 5,87
Makine Miihendisligi 1(2(1(1(0f(0(1 21|34 2] 48 3,71
Matematik 0|2|1]2|0]|2]|0]0|J0|0]|1]|2]| 14 1,08
Mekatronik Miihendisligi ojo|1|1|2|0|2|21|212|7|2]|7]|23 1,78
Mimarlik 211(0(1(0|0|2|1|2|2]|4]| 6] 43 3,32
TOPLAM 43133|37(26(32|31|41|43|64 186 115 203 1‘219 100'8

Tablo 8’de ise konularina gore lisansiistii tezleri incelendiginde tezlerinin daha bilgisayar
mithendisligi bilimleri-bilgisayar ve kontrol, elektrik ve elektronik miihendisligi, endiistri ve
endiistri mithendisligi ile ilgili oldugu, bunun yaninda isletme, insaat miihendisligi, makine
miihendisligi, mimarlik {izerine oldugu tespit edilmistir.

Tablo 8. Yapay Zeka Alaninda Yapilan Lisansiistii Tezlerin Konulara Gére Dagilimi

o — N o <t 0 © M~ o] (o)) o — %
Konu >c|la|as|a|laslala|la|lala]| a8l S | %
N N N N N N N N N N N N IE
Bilgisayar
Miihendislig | . 301
i Bilimleri- 19 (10 [11 |9 |14 |13 |9 |18 |22 |52 [39 |60 |390 |,
Bilgisayar
ve Kontrol
Bilim ve o |1 o |o o |o |1 ]o |2 |5 |4 |12 |29 |224
Teknoloji
Egitim ve 1 (o |1 o |1 |o |1 |12 o |3 |2 |2 |19 |147
Ogretim
Ekonomi 10 1 0 0 1 0 0 0 0 3 4 6 17 1,31
Elektrik ve
Elektronik . 11,8
Mithendislig 3 |5 |3 |2 |3 |3 |12|5 |10 |16 |11 |27 |183 |,
i
Endistrive |13 1o V4 |3 |1 [2 |1 |3 |3 |9 |8 |6 |8 |62
Endistri .
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o — N o™ <t w0 © ~ o0} ()] o — %
Konu S|c|lc|c|c|c|c|s|a|s|s|&|a|%
N N N N N N N N N N N N |E
Miihendislig
i
Felsefe 0 0 0 0 0 2 0 0 0 2 5 1 13 1,00
Insaat
Miihendislig 1 4 3 1 1 1 2 2 4 9 0 4 64 4,95
i
Istatistik 1 0 2 1 1 1 1 1 0 2 1 2 16 1,24
Isletme 2 1 0 2 2 0 4 1 4 5 15 16 73 5,64
Jeodezi ve
Fotogrametri 0 1 0 0 0 0 0 0 1 1 3 3 16 1,24
Makine
Miihendislig 1 2 1 1 0 0 1 2 1 2 4 2 51 3,94
i
Matematik 0 2 1 2 0 2 0 0 0 0 1 2 15 1,16
Mekatronik
Miihendislig 0 0 1 1 2 0 0 0 1 5 1 6 17 1,31
i
Mimarlik 3 1 0 1 1 1 2 1 2 2 5 6 47 3,63
Mithendislik 1 /1 oo Jo |2 ]o |2 |1 |12 |7 |5 |25 |13
Bilimleri
TOPLAM 43 | 33 |37 |26 |32 |31 |41 |43 |64 | 168 | 151 | 230 ‘1129 380‘
% 3, 2, 2, 2, 2, 2, 3, 3, 4, 12, | 11, | 17, | 100,
32 |55 |8 |01 |47 |40 |17 | 32 | 95 | 98 67 77 00

Tablo 9 incelendiginde ise yapilan lisansiistii tezlerin yapay sinir aglari yaklasik olarak %18,32 ile
en ¢ok tercih edilen yontem olurken, nitel aragtirma %10,05 ile tercih edilen bir yontem olmustur.
Bunun yaninda model 6nerisi, makine dgrenmesi, uzman sistem tasarimi ve derin 6grenme gibi
yontemler de yapay zeka alaninda yapilan lisansiistii tezlerde yontem olarak kullanildigi tespit

edilmistir.

Tablo 9. Yapay Zeka Alaninda Yapilan Lisansiistii Tezlerinin Caligilan Yonteme Gore Dagilimi

o — (V] o <t o [{e] ~ [e 0] ()] o — %
vouon | S| E|E|E|E|28|E|E|E|E S |85 | =

N N N N N N N N N N N N |9
Algoritma 1 |4 |4 |2 |3 |2 |4 |4 |1 0o |o |6 |4 |37
Tasarimi
Anfis 2 12 |0 |1 |1 |3 |2 |1 |1 [0 |0 |0 |22 |185
Anket Yontemi |0 |0 |0 |0 |0 |0 |1 |1 |1 |8 |7 |11 |31 |240
Bulanik Mantik 5 1 5 4 1 1 2 0 5 5 1 5 69 5,33
Derin Ogrenme 0 0 0 0 0 0 0 4 3 18 |19 |31 |75 5,80
Destek Vektor | o 15 1o 1o |1 |3 |o |2 [1 |o |o |4 |13 |100
Makinesi
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o — N o <t L [{o] N~ [ee] o o — %
voon (2|22 |E8|2|E8|2|8|E|E8|8 |8 5| %

N N N N N N N N N N N N g
Dogal Dilisleme |0 |0 |0 |0 |1 |2 |0 |1 |0 |3 |0 |5 |20 |155
EtmenTabanl 1 o 19 15 |1 | |g 0o |o |1 |o |3 |28 |216
Sistem
Genetik 4 |1 |2 o |3 |1 |12 |3 |3 |3 |o |0 |5 |386
Algoritma
Goriintiiisleme |0 |0 |O |0 |O |O |O |O |0 |6 |2 |5 |15 | 116
Makine 1 |1 |2 |o |1 |1 |3 |2 |5 |19 |20 |39 |98 |[757
Ogrenmesi
Model Onerisi 2 1 1 2 2 4 5 8 9 14 12 18 110 8,50
Nicel Aragtirma | 0 0 0 0 2 0 0 0 0 0 1 16 | 22 1,70
Nitel Arastrma |2 |0 |2 |0 |2 |2 |3 |3 [10 |13 |22 |48 | 130 éo,o
Robot Tasarim 0 0 0 0 1 2 0 0 2 2 0 0 13 1,00
Sistem Tasarimu | O 0 2 0 1 1 0 0 0 1 7 1 16 1,24
Uzman Sistem 1 0 1 0 4 0 0 0 0 1 3 1 83 6,41
Veri Madenciligi |1 |0 |1 |1 |1 |1 |0 |0 |0 |0 |2 |3 |15 |116
Yapay Sinir 1014107 |5 |1 [12]7 |12 |30 |16 |22 |237 | 183
Aglar1 2
Yapay sinir
aglart ve Bulanik | 2 4 1 1 0 1 2 0 1 3 0 1 27 2,09
Mantik
TOPLAM 43 |33 |37 | 26 |32 |31 |41 | 43 |64 | 168 | 151 | 230 [1129 380

% 3, 12 |2 |2 12 [2 13 |3 [4 |12 |11, |17, | 100,
32 |55 86 |01 |47 |40 |17 |32 |95 |98 |67 |77 |00

5. SONUC ve ONERILER

Bu aragtirmada Tiirkiye’deki iiniversitelerde 1987-2021 yillar1 arasinda yapay zeka alaninda yapilan
lisansiistii tezler igerik analizi ydontemiyle incelenerek, tezlerin mevcut durumlari ortaya konulmaya
calistlmistir. Elde edilen sonuglara gore, Tiirkiye’de yapay zeka alaninda yapilan lisansiistii tezlerin
¢ogunlukla 6zgiin dilinin Tirkge oldugu, en fazla tezin 2019, 2020 ve 2021 yillarinda yazildig: tespit
edilmistir. Ayrica en fazla yapay zeka alaninda lisansiistii tez yapan kurumun Istanbul Teknik
Universitesi ve Orta Dogu Teknik Universitesinde oldugu, yapilan tezlerin fen bilimler enstitiisiinde
Bilgisayar Mithendisligi anabilim dalinda ¢alisildig1 goriilmiistiir. Arastirmalarin yapay sinir aglari,
nitel arastirma, model 6nerisi, derin 6grenme ve makine 6grenmesi yontemlerin kullanildig: tespit
edilmistir. Tezlerde en sik arastirilan bilgisayar mithendisligi bilimleri-bilgisayar ve kontrol, elektrik
ve elektronik mithendisligi, endiistri ve endiistri miithendisligi konularinin oldugu gériilmiistiir.
Yapay zeka alaninda yapilan mevcut tezlere genel bir bakig saglama niteliginde olan bu
arastirmanin, gecmis aragtirmalari toplu bir sekilde ortaya koymasinin yani sira gelecek
arastirmalara da 151k tutarak yapay zeka konusunun gelistirilmesine katki saglamasi beklenmektedir.
Konuyla ilgili daha detayli olarak lisansiistii tezler incelenerek karsilastirmalar yapilabilir.

Arastirmanin Kisitlar1 ve Gelecek Arastirmacilara Oneriler
Bu arastirmada yalniz YOK Tez Merkezi'nde paylasima acilmis tezlerin incelenmis olmast,
aragtirmanin en biiyiik kisitidir. Gelecekte bu konuya ilgi duyabilecek arastirmacilarin YOK Tez
Merkezi'nde heniiz paylasilma agilmamis tezlere de ulasarak daha kapsamli bir degerlendirme
yapmasinin faydali olacag: diisiiniilmektedir. Ote yandan bu arastirmanin en azindan her on yilda
bir tekrar edilmesinin hem Yapay zeka tezlerinde sik¢a ve nadiren ele alinan konular hakkinda hem
de odaklanilan konularin trendi hakkinda faydali bilgiler sunabilecegi bdylece tez hazirlayan
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ogrencilere ve akademik danigmanlara fikir verebilecegi diigiiniilmektedir. Konuya ilgi duyabilecek
arastirmacilarin bir baska arasgtirmada da Tirkiye'de yapay zeka ile ilgili yazilmis bilimsel
makaleleri benzer bir yontemle inceleyerek makalelerde en ¢ok ve en az ele alanin konular
degerlendirmelerinin Tirkiye'deki yapay zeka literatiiriiniin baska bir boyutuna 151k tutabilecegi
tahmin edilmektedir.
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Determination of Ra-226 concentration at Suadiye beach in Istanbul

Osman GUNAY*
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ABSTRACT

Human beings are constantly exposed to ionizing natural radiation. Natural radiation is found in
rocks, soils and sand particles. One of the natural radiations that people are exposed to is radium
(Ra-226). Determining the natural radiation level is very important for human health. In this study,
radium dose level was determined in Suadiye beach sand samples in Istanbul. The radium dose level
in the sand samples on this beach varies between 24.57 and 31.26 Bg/kg, with an average of 27.68
Bag/kg.The calculated dose level was compared with the radium level in other beach sands around
the world. Radium dose level at the beach was found to be lower than the world average.
KEYWORDS - Natural Radioactivity, Istanbul, Beach

1. INTRODUCTION

Radiation has always existed in nature. Generally, natural radiation is examined in two separate
categories as cosmic and terrestrial radiation. There are basically three different radiations that make
up the terrestrial radiation source. These are Ra-226, Th-232 and K-40. Terrestrial radiation level is
very important for determining the radiation exposure of humans. For this reason, numerous studies
have been conducted on both radiation protection and terrestrial radiation determination [1-15].
The main purpose of this study is to determine the Ra-226 radiation dose concentration level in
Suadiye Beach in Istanbul.

2. MATERIALS AND METHODS

In this study, Ra-226 concentrations were determined in the sand samples of the Suadiye beach in
Istanbul. For this, approximately 1000 grams of sand samples were taken from 4 different points at
equal intervals from the beach. These sand samples were first dried in the furnace in the laboratory,
then sieved and purified from macro and micro impurities. then placed in airtight containers and
kept for 40 to 50 days. After this stage, the radiation dose was calculated by using the Nal (TI)
gamma detector to determine the Ra-226 dose level of the sand sample.

Gamma radiation measurement experimental setup is shown in figure-1. The measurement level of
gamma doses experimental set includes Spectrometer, Amplifier, MCA and Computer in general
terms.

The calibration curve is shown in Figure 2. The calibration of the experimental setup was made
using Co-60 and Cs-137 sources.

[Ampiifier] =
M T o
- 3 L —
| E
B |
w—

Figure 1. Experimental setup
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Figure 2. The gamma spectrum

3. RESULTS AND DICCUSSION

Ra-226 radiation concentrations are shown in table-1. The Ra-226 concentration was found to be
the lowest at sample-4 with 24.57+2.74 Bqg/kg, and the highest at sample-3 with 31.26+1.58 Bg/kg.
The average Ra-226 concentration was calculated as 27.66+£1.19 Bqg/kg. In fig-3, Ra-226
concentrations according to the sampling points are shown.

In a similar study conducted in Vietnam[16], the concentration of Ra-226 in the soil was 43 Bg/kg,
in a study conducted in Yemen48 Bqg/kg [17], in a study in India 27 Bg/kg [18], in a study in Iraq
14 Bg/kg[19] and in a study in Pakistan 26 Bg/kg[20]. The results obtained as a result of this study
are similar to the results of studies conducted in other countries.

Table 1. Ra-226 Concentration

Sampling Point Ra-226 Concentration Ra-226 Concentration (Bgkg?)
Sampling-1 28.80+0.96
Sampling-2 25.99+1.87
Sampling-3 31.26+1.58
Sampling-4 24.57+2.74
Mean 27.66£1.19

30

: I I I I I
X 1S
o 10
0

S S2 S3 5S4 Mean

mpling Point

Figure 3. Ra-226 Concentration
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4. CONCLUSION

In this study, Ra-226 radiation dose level in 4 different sand samples taken from Suadiye beach in
Istanbul was determined using Nal(Tl) gamma detector. The Ra-226 radiation dose concentration
found as a result of the study was compared with similar studies conducted in different countries. It
has been observed that the average of the results obtained from this study and the average of the
results obtained from the studies conducted in other countries are close to each other.
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ABSTRACT

Terrestrial natural radiation consists of radium, thorium and potassium. In this study, the radium
(Ra-226) radioactivity level in Goztepe Beach, one of the important beaches of Istanbul, was
determined. In the study, sand samples were taken from four different points of Goztepe beach and
the dose level of radium was determined by gamma spectroscopy system. The lowest radium dose
was 27.63+0.76, while the highest radium dose was 49.19+2.21. The average dose of radium is
35.96+1.57.

KEYWORDS - Natural Radioactivity, Istanbul, Beach

1. INTRODUCTION
Terrestrial natural radiation consists of radium, thorium and potassium. There are different ratios of
these three radioactive substances in the soil depending on the structure of the soil. These substances,
which constitute natural radiation, are not only found in the soil, but also in the structure of the sand.
It is very important to determine the radioactivity level in the sand since the beaches are used a lot
especially in the summer season. Researchers have done many studies on radiation, natural radiation
in soil and natural radiation in sand[1-15].

In this study, the radium (Ra-226) radioactivity level in Goztepe Beach, one of the important
beaches of Istanbul, was determined.

2. MATERIALS AND METHODS

In this study, firstly, 4 points to be sampled from Goztepe beach were determined. Approximately
750 grams of sand samples were taken from these 4 points. After the sand samples were dried in the
laboratory, they were sieved for purification. The prepared sand samples were placed in containers
and kept for about 1 month. After one month, the radium radioactivity concentration was determined
with a Nal(TI) detector and the average was calculated.

The experimental setup with gamma spectrometry is shown in figure-1 and the calibration curve is
shown in figure-2.

Figure 2. Experimental setup
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3. RESULTS AND DICCUSSION

Ra-226 radioactivity dose levels at Goztepe beach are shown in table-1. Ra-226 radioactivity dose
level at sampling point 1 was 27.63+£0.76 bq/kg, at sampling point 2 was 49.19+2.21 Bqg/kg, at
sampling point 3 was 35.97+0.89 Bq/kg, and at sampling point 4 was 31.07+0.93 Bq/kg . The mean

Figure 2. The gamma spectrum

Ra-226 dose level was calculated as 35.96+1.57 Bg/kg (fig-3).

Table 1. Ra-226 Concentration

Sampling Point Ra-226 Concentration lF;a-226 Concentration (Bgkg'
Goztepe-1 27.63+0.76
Goztepe -2 49.19+£2.21
Goztepe -3 35.97+0.89
Goztepe -4 31.070.93
Mean 35.96+1.57
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Figure 3. Ra-226 Concentration

4. CONCLUSION

In this study, Ra-226 radiation dose level in 4 different sand samples taken from Goztepe beach in
Istanbul was determined using Nal(TI) gamma detector. The mean Ra-226 dose level was calculated
as 35.96+1.57 Bg/kg.
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ABSTRACT

Robust regression is an alternative approach to the classical regression when data are contaminated
with outliers, and it can be used for the purpose of detection of influential observations. Recently, a
robust artificial neural network (RNN) has been proposed. This new form of neural network applies
the Huber loss function in the classification problem. We consider that this network model can be
effective to detect anomalies in the data as an alternative of Gaussian mixturde model (GMM).
Because from our previous analyses, we have seen that GMM is successful for the classification of
the protein-protein interaction data, specifically, when the data have outlier observations. Hence, in
the study, we perform both RNN and GMM for the classification in order to detect the outliers in
protein-protein interaction datasets while comparing the results with an autoencoder neural network
structure in RNN. Accordingly, we evaluate them under different dimensional biological systems’
data with distinct topologies and numbers of observations.

KEYWORDS: Robust statistics, Classification, Artificial neural networks, Bioiogical data

1. INTRODUCTION
Traditionally, the artificial neural networks or shortly neural networks have been shown strong
power to approximate high-dimensional functions and to truely classify/label the associated data. In
the process of labelling, besides the neural networks, different machine learning approaches have
been used too. But, this task can be computationally challenging for complex high dimensional
biological data. Because this data type has very complex structure and the numbers of parameters p
are much more higher than the numbers of obsevations n. The robust neural network (RNN) is a
special type of artifical neural networks which use Huber loss function in clustering the data and in
detecting abnormal observations.
Previously, RNN has been proposed to make labelling for high dimensional data by Smith et al.
(1993). Then, it has been studied by Beliakov et al. (2011) to detect outlier values on high
dimensional regression. More recently, the empirical risk minimization function (Mehri et al., 2018)
for RNN has been provided by Weng et al. (2021).
On the other side, the Gaussian mixture model (GMMSs) is another classification method for high
dimensional data. This method basically considers that clusters in the data are composed of a mixture
of Gaussian distribution with predefined weights in such a way that we can find cluster successfully
by capturing the underlying elements of mixtures (Peel and McLachan,2000). In recent analyses, it
has been shown that GMM can be a promising method to identify the outliers in biological systems’
datasets. In the application of moderate protein-protein interaction systems (Kaygusuz et al., 2022),
it has been seen that GMM performs better than artificial neural network when the data have outliers.
Hence, in this study, we compare both the performance of RNN and GMM to investigate the gain
in accuracy via the robustified version of artificial neural network over GMM under various
biological networks.
Accodingly, we organize our study as follows: We present the robust artificial and autoencoder
neural networks and empirical risk minimization function for RNN in the second section. Here, we
briefly describe GMM too. In the third section, we represent different biological networks which are
simulated under various topologies, numbers of observations and genes when the sytems have
outliers. Finally, fourth section is left for conclusion and future studies.
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2. THEORY AND METHODS

2.1. Robust artificial neural networks

Artificial neural network is based on a collection of connected units or nodes, called artificial
neurons, which loosely model the neurons in a biological brain. Each connection, like the synapses
in a biological brain, can transfer a signal to other neurons. An artificial neuron receives signals and
processes and sends them to neurons which are connected to those. The "signal™ at a connection is
a real number, and the output of each neuron is computed by some non-linear function of the sum
of its inputs. These connections are called edges. Neurons and edges have weights which are adjusted
in the learning procedure of neural networks. The robust neural network (RNN) is a specific neural
network which uses the Huber loss activation function in the calculation of weights. The Huber
statistics is one of the well-known robust statistics to overcome the limitation of traditional
parametric and non-parametric methods in statistical analyses (Huber and Rochetti, 1998).

lnpust

layer
Hidden
layer | Hidden
I.Illl‘-' 2

Cutpat

lnyer

Figure 1. An example of architecture of artificial neural network with multiple hidden layers
(Dixon et al., 2020).

In the mathematical modeling of RNN, as seen in Figure 1 and Equation (1), x(t) indicates the input
vector, y(t) denotes the output vector which is the output from the jth hidden layer and h(x) vector
shows a hyperbolic tangent (tanh) activation function. Here, in place of h(x), the classical neural
network uses typically sigmoid or rectified linear activation (ReLu) activation functions.

B, (O = tanh (2, wx,() +w ') « )

[« . .
in which w )is the input of the hidden layers weights vector and w ; ) is a hidden layer bias vector.
Thus, the estlmated output layer transfer function can be shown as the following form.

U

fite) =f (z, L wi b ) + w“’)), ¥

where w )is the input to hidden layer, w presents the hidden to output layers’ weights and

finally, w (.10“ refers to the output layer bias vector. All weights are obtained via a weight vector
I H
w= (W](l), WEj )).
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2.2. Auto-encoder neural network

The autoencoder is a special type of architecture for neural networks whose outputs are same as
their inputs. Thus, this network type can be used to learn a compressed raw data. It compresses the
input and the decoder attempts to recreate this input from the compressed version provided by the
encoder as simply shown in Figure 2. Hereby, this structure is used to reduce the noise in data.
Through the process of compressing input data, encoding it, and then reconstructing it as an output,
autoencoders allow to reduce dimensionality. Moreover, autoencoders can be trained as a
classification machine learning problem, in particular, when we have very limited input data.

ot brves Mgt Ly Outpert bover

Figure 2. An example of the architecture of auto-encoder neural network with three hidden layers
(https://lwww.jeremyjordan.me/autoencoders/).

Furthermore, regularized autoencoders are very useful for learning representations of the
classification task and they apply different activation functions such as sigmoid and ReLu while
computing the weights between nodes like RNN. Moreover, autoencoders are also generative
models which can randomly create new data similar to input data. Traditionally, autoencoder neural

networks minimize a function L (x, g(f(x))), where is L is a loss function penalizing g(f(x)) to

be dissimilar to x with L —norm of their difference. Therefore, we can define the regularized
auto-encoder neural networks as follows.

L(xg(f®)) +2Zies la®| (3)

inwhich Zisa L —regularization parameter and a denotes an activation function for the hth layer.
Thus, we can define the activation function for the auto-encoder neural networks as below.

a® = f(z®) and z®™ = w" Vx4 p* Y @

(h-1)

where w is a weighted matrix for the (h — 1)th layer of autoencoder neural networks and pt—v

is a bias vector of the (h — 1)th layer of the auto-encoder neural networks. In our assessment, we
construct RNN via auto-encoder structures so that their outcomes can be comparable with the
Gaussian mixture model’s outcomes.

2.3. Empirical risk minimization
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The empirical risk function is a function to compare the performance of robust classification neural
networks and gives theoretical bounds for performances of the multilayer neural networks. Here, the
risk function of a classifier is a measure of the average performance that can be defined as follows.

r,(f) = E(Xy) [L(X.Y, fy )], (%)

Pp

where (X,Y) is the input dataset, L describes the loss function, E(.) represents the expectionand p b

indicates the true data generating distribution. Hence, L(X,Y, f, ) can be written as ¢(f, ,Y) for
the natural risk via

rguto (fg ) — E(X‘y) pD[maxfep(M,C)d)(f IY)] (6)

while the empirical risk can be computed with Monte Carlo mean of (Xl, Yl) yeer (Xp, Y) pairs
for n number of observations.

2.4. Gaussian mixture model

Gaussian mixture model (GMM) is a special type of machine learning algorithm for classification
of mixed data in many different areas, including, genetics, finance and signal progressing analyses.
Basically, it uses to classify data into different categories based on the probability distribution. GMM
applies either hard clustering or soft clustering on query data. In hard clustering, GMM assigns query
data points to the multivariate normal components that maximize the component posterior
probability given the data. Hence, in GMM, it is assumed a (multivariate) Gaussian distribution for

each component k whose parameter 6, i.e., £, (x; Hk) ~ N(uk, Z) while clusters are centered at

the mean vector p, , and with scale parameter determined by the covariance matrix X, . The
parameter estimation of covariance matrix is done by means of an eigen-values of the form

Xk 4D A, D] where A, is a scalar value controlling the volume of the ellipsoid, A, shows a

diagonal matrix specifying the shape of the density contours with the determinant det(Ak) =1,and

D, presents an orthogonal matrix which determines the orientation of the corresponding ellipsoid.

Here, (.)7 indicates the transpose of the given matrix.

Hereby, GMM is an unsupervised learning algorithm whose cluster parameters are generally
estimated by the expectation-maximization (EM) algorithm (Dempster et al., 1977; McLachlan and
Peel, 2000) via mixtures of Gaussian distributions with iterative approach. In calculation, we accept

that x = {x1 P Xy e Xy xn} is a sample of n independent identically distributed observations.

The distribution of every observation is specified by a probability density function through a finite
mixture model with G number of mixture components, which takes the following form

f(xl., )= Yhioy T f, (xi; Gk) ’
)
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where W ={m ,...m _ .6, ..., 96} are the parameters of the mixture model, f,(x;6,) is

the kth component density for observations X, with parameter vector 0, and (7r1 e T[G—l) refer

to the mixing weights or probabilities such that m, >0, and Y¢_, m, =1 1In the computation, it
is accepted that G is fixed and mixture model paramaters are unknown in general. Therefore, we
need to estimate it with the likelihood equation (¥; Xy ey X )= 2, log fe (xi;llf).

Direct estimation of the log-likelihood function is very complex and as stated before, the maximum
likelihood estimator is obtained via the EM algorithm.

3. ANALYSES

3.1. Data description

In the application of RNN and GMM in protein-protein interaction (PPI) networks, we use different
simulated datasets. We generate data by the following scenerios:

We generate system with 10 and 20 proteins from multivariate normal distribution where each
protein has 50 observations. In the first 10-protein system, we simulate multivariate normally
distributed data whose 8 proteins have random topology and 2 proteins form scale-free topology
(Dataset 1). In the second dataset (Dataset 2), we simulate 20 proteins which have 4 proteins from
scale-free structure and accordingly, the remainings are from random network structure. Then, we
label them via 0 and 1 to present outlier and non-outlier proteins. By this way we have 2 systems
having outliers under mixture of normal distributions while outliers’ ratios are not greather than %
25 of the data.

We simulate mixture data similar to the above scenerios, but, with the following composition: 8
proteins are taken from scale-free networks and 2 proteins are generated from random network data
(Dataset 3). Similarly, in the fourth dataset (Dataset 4), we get 20 proteins where 16 of them are
from scale-free network and 4 proteins are simulated from random network structures. We also label
them as 0 and 1 to denote outlier and non-outlier proteins in our assessment of clustering
performances of RNN and GMM.

3.2. Results

In this part, we present the scatter plots of RNN and GMM to detect outliers when we have different
numbers of proteins (p=10 and 20) under 50 numbers of observations (n=50) and 4 different
scenarios. In the plots, the outliers are shown by red colours in RNN which are generated under
auto-encoder structures and by circle signs in GMM. Figures 3-6 present these plots for all datasets,
respectively. In these plots, the independent variables are plotted on the x-axis while the dependent
variable is plotted on the y-axis. Here, if y-values are greater than 2, we can say that the associated
observations are outliers.
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Figure 3. Scatter plots of robust neural network (a) and Gaussian mixture model (b) to detect
anomalies under Dataset 1.
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Figure 4. Scatter plots of robust neural network (a) and Gaussian mixture model (b) to detect
anomalies under Dataset 2.
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Figure 5. Scatter plots of robust neural network (a) and Gaussian mixture model (b) to detect
anomalies under Dataset 3.
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Figure 6. Scatter plots of robust neural network (a) and Gaussian mixture model (b) to detect
anomalies under Dataset 4.

On the other hand, we summarize our analyses in Table 1. In this calculation we compare their
accurate labels over the given p. From the results it is seen that in majority of the scenarios GMM
outperforms than RNN and correctly identifies the true classes.

Table 1. Number of correctly identified outlier classes in 4 datasets via RNN and GMM

approaches.
Networks Dataset RNN GMM
n=50, p=10 Dataset 1 7 6
Dataset 2 5 12
n=50, p=20 Dataset 3 4 5
Dataset 4 4 4

4. CONCLUSION

In this work, we have studied robust neural networks and Gaussian mixture models for protein-
protein interaction data to detect outlier proteins. In the robust neural network, the architecture has
been constructed via the auto-encoder structure. Then, both approaches have been applied to 4
simulated datasets whose dimensions and topologies are different. From the assessment, we have
seen that the Gaussian mixture model has had better accuarcy than the robust neural network in most
of the generated scenarios. Therefore, we consider that the first method is more promising than the
latter ones for the detection of outlier proteins.

As the future studies, we think to generate a comprehensive simulation studies to analyze both
approaches with more details. In this analysis, we will take into account the effects of dimensions,
and changes in observations per protein. Finally, we consider that in place of Huber statistics, other
robust statistics can be used as the activation function of the robust neural networks to improve the
accuracy.
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ABSTRACT

Causal models are the popular probabilistic tools to analyze and visualize conditionally independent
relationships between random variables. The random forest and classification and regression trees
are some of the popular models under this branch. In this work, we consider the causal additive
models (CAMs) which are the structural equations having additive forms between variables and
error terms. Besides their flexibilities in the interpretation due to the additivity, the parameters of
these models are identifiable from the distribution. But, from previous studies in the construction of
the biological networks, it has been shown that when the number of parameters is considerably
bigger than the number of observations, their accuracies can decrease. In order to solve this problem,
we have performed the conditional randomization test to choose the core proteins in the system.
From the results in bench-mark systems, we have observed that the test is successful in decreasing
the dimension of the networks and thereby, improves the accuracy of the random forest model.
Hence, in this study, we aim to extent this analysis by specifically performing boosting algorithm in
the conditional rabdomized test and apply a knockof filter criterion in the contruction of the optimal
model. By this way, we consier to decrease the computational time without losing from accuracy.
We think that the proposal idea can be also adapted to other complex regression problems where the
high dimension and correlations are the major challegences in modeling the data.

KEYWORDS — Multiple testing, causal models, generalized additive models.

1. INTRODUCTION
The causal additive models (CAMSs) are one of the useful model groups which can describe the
conditional relationships between random variables (Pearl, 2009). The random forest, classification
and regression trees method are some of the well-known causal additive models. Hence, these
models are special type of generalized additive models too (GAMS) which can capture non-linearity
in independent variables (Hastie and Tibshirani, 1993; Wood, 2017; Meier et al., 2009).
Conditional randomization tests (CRTSs) are very flexible to define relationship between variables
since they don’t have any distributional assumption about the model. Nonetheless, when the number
of parameter (p) is more than the number of observation (n), their computations can be challenging.
In this study, mainly, we combine both CAMs and CRTSs to improve the performance of causal
model by decreasing the dimension of the variables by CRT. As the causal additive models, we
apply the random forest since it is one of the successful alternatives in CAMs. Moreover, we propose
the boosting algorithm for CAMs to find computationally attractive selection procedure in CRTs
since the boosting algorithm is focused on iteratively combining weak learners while building a
strong learner that can predict more accurate outcomes. Therefore, this algorithm can reduce the
error on the training stage of machine learning methods too (Freund, 2019). Within this algorithm,
the selection procedure can be done by distinct criteria. In our analyses, we perform the knockoff
filter method (Candes et al., 2018; Barber and Candes, 2015) as it can effectively control the false
discovery rate of the estimated models.
On conclusion, we organize our paper as follows: The Second Section presents CAMs and CRTs to
define relationship between variables. Here, we also represent boosting algorithm and knockoff filter
while improving the power of CRTs. In the third section, we conduct the simulation analyses and
evaluate our results. Finally, the fourth section is left for conclusion and future studies.
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2. METHODS

2.1 Causal additive models

Causal models are mathematical models representing causal relationships between variables.
Therefore, these models are applied in different areas such as genetics, epidemiology, econometrics
(Peters et al., 2013; 2014; 2017). Causal additive models (CAMs) proposed by Buehlmann et. al.
(2014) exhibit structural equations which are additive in the variables and error terms as the
following form.

X = 5i(X papiy &) G=1-.p) W

where X ,, ; shows the set of parents for node j in directed acylic graphs, f; denotes a function

while j=1, ..., p, and &; shows the error. This model has some limitations when the number of
parameters (p) exceeds the number observations (n). Hence, additive structural equation models with
Gaussian errors are suggested by Buehlmann et al. (2014) to capture nonlinearities in the data and
to deal with the problem of high dimension. This extended model is presented in Equation (2).

X; = Xkerapiny Jik Kid + € )

inwhich &,,.., ¢, are independent with &; ~N(0, o) while g > 0. Here, E[f;; (X;)] = 0 for
all j, k. Furthermore, f;,(.) is a smooth function from R->R. Accordingly, it can be written as
Equation (3) with coefficients for structural equations models.

Xj = Lerapiy Bik X+ Nj. 3)
In Equation (3), &,.., &, are independent with &; ~N(0, ovjz) for af > 0 similar to Equation (2).

2.2. Conditional randomization tests

The conditional randomization tests (CRTS) are introduced by Candes et al. (2018) without any
assumption of dependent variable Y. They merely assume that the conditional distribution of random
variables, let (X, Y, Z), is known. But, the detection of the conditional distribution can be challenging,
in particular, for high dimensional data. Thus, it is accepted that the conditional distribution of X|Z
is known and Q(.|Z) shows the distribution of X given Z = z, conditional on Z3, . . ., Zp. Therefore,
CRT generates X values from datasets which have the following distribution:

x ~ 0012 (4)

where it is obtained independently from every i =1, ..., N and independently from real values of
Xj’s and Yj-s. Thereby, we can write (X|Y=y, Z=2) =d (X|Z=2) ~ Q(.|z). while ( =d ) indicates the
equality in distribution. Hence, we can present (X(l), Y,Z2)=(X,Y,Z) for all (X(l) =
X(ll), XS)) and for all null hypotheses which state the equality of distribution. If we have a
difference between two sides of equation, we can reject the hypothesis of the equality of distribution.
Then, we repeat this procedure k times in such a way that (X(ik)|X, Y,Z2) ~ QC(. |Zl,) is obtained
independently fori=1,...,Nand k=1, ..., K. In here, we assume that the conditional distribution
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of (X,Y,2), (X(l), Y,2), .., (X(k), Y,Z) are identically distributed and ex-changeable by the null
hypotheses. Thus, any statistics of T(X,Y,Z) is also exchangeable too via
T(X,Y,Z), T(X(l), Y,2), .., T(X("), Y,Z). So, the step of CRT can be listed as below:

i) Data step: (Xj,Yj), where X is the independent variable and Y shows the dependent variable
fori=1,...,n observations, are defined. Then, T(X,Y,Z) is computed as the test statistics to
check conditional relationship between X and Y. Finally, k € (1,...,K) copies the sample
x®Lx,, v)) forallto compute T(X",Y,2).

(F)

{1+ K 1} (rx ,Y,Z)zT(X,Y,Z)}

ii) Calculation step: The p-value is computed by p = "
p-values are obtained by true X vector versus the values of the CRT copies.

. Here, the

2.3. Boosting procedure for causal additive models

Boosting is an ensemble learning method that combines a set of weak learners into a strong learner
to minimize training errors (Schapire, 1999; Freund and Schapire, 2019). In boosting, a random
sample of data is selected, fitted with a model and then, trained sequentially—that is, each model
tries to compensate for the weaknesses of its precedes. Therefore, boosting is a method used in
machine learning to reduce errors in predictive data analysis. A generalized additive model is fitted
by using a boosting algorithm based on component-wise base-learners. The base-learners can either
be specified via the formula object or via the base learner argument. In this calculation, GAMBoost
algorithm is used to fit a generalized additive model by likelihood based boosting. It is particularly
suitable for models with a large number of predictors with potentially non-linear influence. It
provides a smooth functional estimates of covariate influenced-functions together with confidence
bands and approximate degrees of freedom.

2.4. Knockoff filter for causal additive models

Barber and Candes (2015) propose a novel model selection procedure by using false discovery rate
control for low dimensional regression. Later, this idea is extended by Candes et al. (2018) by
suggesting the conditional randomization test for logistic regression. Their selection procedure is
based on three stages. The first step is to make knockoff copies of conditional variables. Then, we
calculate the importance of variables. Finally, in the third step, we make model selection depending
on the false discovery rate control of type 1 error. Due to the exchangeability and sufficiency
properties of knockoff filter, they can be applied in causal additive models effectively.

3. APPLICATION

In the analyses, we use two simulated datasets. In the first data, we define four variables (p=4) and
in the second data, we use eight variables (p=8). Then, we assign 100 observations for each variable
(n=100) in both datasets. Later, we apply the boosting algorithm for random forest model and we
find 2-1 ,1-4, 3-4, 2-3, and 3-1 relationships for edges of the first dataset (i.e., p=4). For the second
dataset, these pairwise edges are found as 6-5, 2-1, 8-7, 5-8, 1-4, 3-4, 2-3, 6-7, 5-7, 1-6, 3-1, 3-6, 7-
4, 8-4,5-4, 2-4, 1-5 and 2-6.

Then, we perform the knockoff filter as the model selection criterion in the random forest whose
main edges are defined by boosting algorithm. We take 0.1 as the knockoff filter value, i.e., false
discovery rate, for both datasets. It means that among all the paired connections, 10% of these are
truly null, i.e., there is no edge between the selected nodes in the given dataset. Thereby, in the first
dataset, solely the (2-1)-pair has the p-value 0.126 implying that the edge is not significant, and the
remainings are found truly. On the other hand, for the second dataset, we find that among the selected
18 edges, (6-5), (8-7) and (6-7) pairs have higher p-values via 0.223, 0.177 and 0.121, respectively,
based on the false discovery criterion that is set to 0.1 as stated. Moreover, from both datasets, we
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observe that the computational time is reduced sharply via the proposal prediction of the system’s
structure. For the first dataset, thanks to the boosting algorithm, the calculation is completed as 3
times faster and for the second dataset, it is finished as 5 times faster. Finally, when we compare
the correctly estimated edges in both systems with the true systems’ connections, we find that the
estimated edges exist in the actual systems too. Therefore, we conclude that the inference of the
edges via CRT based on boosting algorithm and knockoff filter selection criterion give promising
results for the construction of estimated systems.

4. CONCLUSION

In this work, shortly, we have proposed an alternative model selection procedure for causal additive
models by using conditional randomization test (CRT) since it is very useful to decide relationship
between variables. Accordingly, in the construction of the systems, we have performed random
forest method in the family of causal additive models and have applied the boosting algorithm within
the CRT to estimate the connected edges. Finally, we have selected the optimal model via the
knockoff filter approach which controls the false discovery rate of all connected pair of genes. From
the findings, we have seen that the proposal procedure of analysis can successfully estimate the
major edges in the actual systems and significantly decrease the computational time since it focuses
on the major edges which have higher strengths between genes. We consider that due to the
efficiency of the time, this approach can be applied for realistically large systems, at least, to detect
the main connections.
As the continue of this analysis, we will investigate the performance of the proposal strategy is
inference of other networks models such as random networks and modular networks besides the
scale-free ones and under various sample sizes n and dimensions p.
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ABSTRACT

Heavy oil, as one of the unconventional oil and gas resources, is increasingly gaining more concerns
from all over the world. However, the steam injection recovery applied broadly is gradually being
abandoned due to low efficiency and large amounts of greenhouse gas emissions. Therefore, a radio
frequency (RF) heating technology used in vertical well is proposed which mobilizes heavy oil by
using RF electromagnetic wave (RF-EMW) rather than steam. To accurately investigate the
temperature distribution of heavy oil reservoir in situ heated by electromagnetic radiation, an
electromagnetic-thermal coupling model is established initially. The model considers the thermal
properties change the heavy oil reservoir with temperature. Afterward, the model is validated by
experimental data. Finally, the influence of several key factors on the reservoir temperature are
discussed. Calculation results display that the maximum heating radius of the RF heating technology
is up to 10m, which indicates that this technology has obvious technical advantages. The model
considering the varying specific heat brings about lower reservoir temperature around the wellbore,
and the maximum temperature in the condition of constant thermal conductivity is obviously higher
than that in the case of varying thermal conductivity. In addition, in the premise of constant
frequency (50MHz) and output power (10kW), the reservoir temperature based on RF heating can
be enhanced by increasing the relative permittivity of reservoir, porosity, electrical conductivity and
saturation of water. The research results are intended to provide important guidance for the field
application of RF heating technology.

KEYWORDS - Heavy oil, RF heating, Influencing factors, Temperature distribution, Numerical

simulation

1. INTRODUCTION

With the decrease of conventional crude oil, heavy oil is being exploited increasingly by a major
thrust of petroleum companies [1-3]. While the high viscosity of heavy oil is the main factor leading
to low oil production [4,5]. Several practices have demonstrated that increasing temperature helps
to reduce the crude oil viscosity [6]. Fig. 1 shows the viscosity change with temperature for the
heavy oil sample from the WanT 1 Qilfield, Xinjiang of China [7].

Current thermal recovery technologies include steam flooding, SAGD and combustion. But those
methods have gradually exposed the technique flaws of low profit, high carbon emission and
environmental disruption. Therefore, it is urgent to develop new mining technologies. In recent
years, RF heating method appears and considered to be a viable technology for extracting heavy oil.
It can effectively deliver more thermal energy to reservoir and extract oil from reservoirs cracks
where steam method is ineffective. Besides, the RF heating process does not emit carbon dioxide to
the atmosphere [8-10].
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Figure 1. The relationship between viscosity and temperature.

The use of RF-EMW was firstly mentioned by Ritchey to obtain oil from bitumen [11]. Later, some
researchers carried out extensive numerical simulation researches on RF heating technology, and
some simulation results show that this novel method is technically feasible [12-14]. The COMSOL
Multiphysics software is used to calculate the oil production rate. The simulation results can guide
the design of pilot tests for the RF heating process [15]. Wang and Gao studied various heating
patterns of RF heating based on the multi-antenna [16]. They also used the waveguide to transmit
EMW to the heavy oil blocks and comprehensively analyzed the factors influencing the reservoir
temperature [17]. The numerical simulation describing the processes of RF and electric heating was
done and the conclusion was obtained that RF heating was more applicable for the heavy oil
reservoir with different properties [7]. An RF heating with antenna array for horizontal and vertical
wells was proposed to improve heating power and area [18].

But in the previous investigations some mathematical models assumed that the reservoir properties
were constant, which failed to fit actual heating. This is due to the effects of temperature on the
reservoir properties during the RF heating process. This problem was rarely considered in the current
literatures and might result in some inaccurate simulation results.

Therefore, to address this problem, this paper considered the reservoir properties changes with
temperature, and the corresponding 2D axisymmetric geometry model and mathematical model were
established for obtaining the temperature results. Simulation values were also compared with the
experimental temperature data. Furthermore, the performance of RF heating was evaluated based on
the simulation results. The effects of relative permittivity, specific heat, electrical conductivity,
thermal conductivity, water saturation and reservoir saturation on the reservoir temperature
distributions were also investigated. The research purpose was to promote the development of RF
technology.

2. MECHANISM OF RF HEATING

As one of several heating methods, RF technology depends on the abilities of different materials to
absorb electromagnetic energy. The heavy oil reservoir is mainly composed of oil, water and rock.
In general, the water called lossy medium owns a strong ability to absorb EM energy. Due to
polarization effects in water present in the reservoir, the EM energy is dissipated into thermal energy,
causing the increased temperature of oil and rocks. Actually, the oil is heated indirectly, which is
shown in Figure 2. Moreover, the water is made up of the polar molecules, and the torques are
exerted on those polar molecules. The dipole moments align the polar molecules with the oscillating
electric fields [19,20]. Ultimately, the polar molecular collision causes the friction heat generation.
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Figure 2. Schematic diagram of RF heating mechanism.

Overburder

RF antenna

Heated arenm———

EM wave

lR eServoir

3. MODEL DESCRIPTION

3.1. Geometric Model

For RF heating technology, the antenna is regarded as an important component because it can radiate
EM wave into oil-bearing formation and provide EM energy. Considering the actual situation, the
antenna shape should make it accommodate to the narrow borehole space. Only in this way can the
flexible movement operations be successfully done. Accordingly, in this paper the dipole antenna
with linear appearance is adopted as the radiating element that emits RF-EMW, and the
corresponding geometry model is shown in Figure 3. The dipole antenna is composed of two arms,
and there is a gap between them. The coordinate origin of the whole geometric model is in the

antenna center, and Table 1 details its dimensions.
d

[ — Wellbore

Reservoir

Arms

h

d Dipole antenna

Lumped port
Figure 3. Geometric model of reservoir and dipole antenna.

Table 1. Geometric model size

Parameters Unit Value
Reservoir thickness (hy) m 15
Reservoir diameter (dy) m 20
Wellbore diameter (dw) m 0.2
Arm length of antenna (1) m 4.0
Antenna diameter (da) m 0.01
Gap between two arms (ga) m 0.01

3.2. Reservoir Properties

During the heavy oil is heated, the thermal conductivity and specific heat change dynamically
resulting from temperature rise. According to the experimental data from the Refs [21] and [22], the
least square and fitting methods are employed to describe the relationship between reservoir
properties and temperature. When the value of temperature is in the range of 250-500K, the
expressions are given as Eqgs. (1) and (2), respectively. The relative errors are 0.92% and 0.66%,
which indicates the correlations have high accuracy.
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¢(T) =—0.001(T +273.15)? + 2.186(T +273.15) +132.423 )
Where, ¢ is specific heat in J/kg/°C and T is reservoir temperature in °C.
K(T)=1.2x10°(T +273.15)° — 4.48x10*(T +273.15) +0.179 @)

Where, K is thermal conductivity in W/m/°C.
According to the Archie’s formula[23, 24], the electrical conductivity of reservoir is given:

o~o,@&™St @)

Where, o is electrical conductivity in S/m, ay is electrical conductivity of water in S/m, @ is porosity
in dimensionless, Sy is water saturation, m; is the cementation factor of rock in dimensionless, ny is
saturation exponent in dimensionless.

Besides, the reservoir density is calculated by the volume-averaged method:

p=(A-®)p,+S,Pp, +(1-S,)Pp, (4)

Where, p denotes reservoir density in kg/m3, the subscript s, w and o is for rock, water and oil,
respectively. The reservoir properties are listed in Table 2.

Table 2. Parameters of reservoir properties.

Parameters Unit Value
Relative permeability of reservoir (ur) - 1.0
Density of water (pw) kg/m? 1000
Conductivity of water (ow) S/m 0.5
Density of rock (ps) kg/m® 2100
Density of oil (po) kg/m? 980
Porosity of reservoir (®) - 25%
Frequency of EMW ( f) MHz 50
Water saturation (Sw) - 20%
Saturation exponent (n1) - 2.0
Initial reservoir temperature (Tconst) °C 30
Cementation factor of rock (m1) - 2.0
Relative permittivity of reservoir (er) - 12

3.3. Heating model
Helmholtz equation is firstly derived [25] based on the Maxwell equations:

VZE+k’E=0 (5)

Where, E is electric field in V/m, k. is wave number in 1/m.
kc is complex and also called “complex wave number”, it is expressed as:

K, = o\ e, (6)

Where, u is reservoir permeability in H/m, w is angular frequency in rad/s, & is complex permittivity.
So the value of K is:

K, = o\ &, 14, ()
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Where, o denotes permeability in H/m, o is permittivity in F/m. Their values are 41x107 H/m and
8.85x1072 F/m, respectively.
The expressions of e; and w are:

.0

E,=E— |— (8)
0]

w=2rf 9)

Where, ¢ is permittivity of lossy medium in F/m, j is imaginary unit, f is wave frequency in Hz.
The Eq. Hata! Basvuru kaynagi bulunamadi. can be obtained after substituting Egs.
Hata! Basvuru kaynagi bulunamadi.-Hata! Basvuru kaynagi bulunamadi. into Eqg.
Hata! Bagvuru kaynagi bulunamadu.:

vE+ Ak £ 19 |E_o (10)
o & 2nfs,
And then Eq. Hata! Bagvuru kaynagi bulunamadi. becomes:
L VPE+KE| 6, — 37 |E=0 (11)
2rfe,

Substituting the Eq. Hata! Basvuru kaynagi bulunamadi. into Eq.
Hata! Basvuru kayna@ bulunamadu., electrical field distribution equation can be obtained (Eq.
Hata! Bagvuru kaynagi bulunamada.).

w(wE):v(v.E)—vZE (12)
vxﬂrl(vxﬁ)—kg[gr—Zijfgojﬁzo (13)

The heat converted by EM energy is [25]:
1 [
Q=ERG[(G—272‘fj8r)E'E ] (14)

Where, Q is heat in W/m®,

FEM is used to compute the mathematical model. To improve calculation accuracy, the meshes in
the outer surfaces of the dipole antenna and the reservoir area around the wellbore are discretized
densely (Figure 4).
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Figure 4. Mesh discretization of geometric model in rz plane.

3.4. Model Validation
An experimental setup is designed to verify the validity of the mathematical model. Figure 5 displays
the compute values and experimental results of temperature distribution. The comparison indicate
that the simulation results are in line with the experimental values. the relative errors of all points
are within the range of 3.04% to 4.37%. The errors can be caused by the several reasons: (1) the oil
sand is Inhomogeneous due to manual operation; (2) water vapor appears causing temperature
change; (3) there are several measurement errors. So the established model considers the key factors
and it can be concluded that the silumation results are feasible.
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Figure 5. Numerical values (solid lines) and experimental results (symbols).
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4. RESULTS AND DISCUSSION
The performance of RF heating is evaluated in this section, and the EM frequency and output power
are 10kW and 50MHz respectively throughout the heating process

4.1. Evaluation of RF Heating with Vertical Well

Figure 6 shows the simulation results after 6 months of heating. The part of this 3D model is cut
away to show the internal structure clearly.
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Figure 6. Electrical field (left) and electric power dissipation density (right) distribution.
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The electrical field distribution in the reservoir is shown in Figure 6-(a), It is noticed that the areas
of high electrical field intensity are located near the two antenna arms, especially in the areas near
the midpoint of two arms, due to EMW attenuation. Besides, the electric field distribution with the
corrugated shape within the reservoir indicates that EMW has penetrated the reservoir. Figure 7
shows the temperature fields after 6 months of heating. The distributions of temperature field and
electric power dissipation density are similar. The higher temperature is reached along the wellbore
or in the vicinity of antenna arms. This is because that the most EM energy is absorbed by the
reservoir near the antenna, but the remaining EM energy is less and continue to transmit to the distant
reservoir area.

@ (b)
Figure 7. Temperature distribution ((a) 3D view and (b) sectional view).

Figure 8 draws the temperature distribution marked in the Figure 7-(b). The r-axis is located in the
middle of the two arms and the z-axis is along the wall of wellbore (r=dw/2). From Figure 8-(a), we
can observe that the temperature drops gradually with the r-axis, and the heating radius is greater
than 10m. Besides the temperature curve symmetrically distributes along the r-axis, there are three
local maximum values and four local minimum values, and the maximum temperature value appears
in the r-direction (Figure 8-(b)). It is worth noting that the calculated results in Sect. 4.1 are based
on the dynamic change of the specific heat and thermal conductivity of the reservoir with
temperature.
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Figure 8. Temperature distributions along the radial direction (left) and wellbore (right).

4.2. Effects of Reservoir Properties on Reservoir Temperature

Under the premise of the constant output power and EM frequency, the effects of reservoir properties
on temperature distribution are analysed in this section. Initially, the temperature distribution in the
case of unchanged value of specific heat and thermal conductivity is compared with that in the
condition of the varying values with temperature. Afterwards the effects of relative permittivity,
electrical conductivity of water, water saturation and reservoir porosity on the temperature
distribution during the RF heating process are analyzed according to a single variable method, and
finally, the reasons for the above analyses are explained in detail.

(1) Effect of Specific Heat of Reservoir

Considering the two cases of constant (case 1) and changed values (case 2) of specific heat, the
temperature curves are drawn in Figure 9, in which the constant value of specific heat is set to
800J/(kg-°C). Obviously the maximum temperature along the wellbore in the condition of the
constant value is higher. In Figure 9-(a), we can also see that within 2.5m distance of wellbore, the
temperature near the wellbore for case 1 is slightly high than that for case 2. With the increase of
radial distance, two temperature curves drop and trend to coincide. In Figure 9-(b), the wellbore
temperature near the area of two antenna arms are higher than that of other areas, and the constant
specific heat contributes to higher wellbore temperature. But the temperature values outside the
antenna region for the cases 1 and 2 are almost equal. In brief, the numerical model of this paper
considering the varying specific heat can result in lower reservoir temperature near the area of
antenna.
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Figure 9. Effects of specific heat of reservoir on temperature curves.

(2) Effect of Thermal Conductivity
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Figure 10 displays the effect of thermal conductivity of reservoir on temperature curves during 6
months of heating. Here the constant value of thermal conductivity is set to 0.2W/(m-°C), and the
varying thermal conductivity with temperature refers to Eq.

. Similar to the results shown in Figure 9, the constant thermal conductivity results in higher wellbore
temperature. From Figure 10-(a), it is apparent that within 1.0 m radial distance, the wellbore
temperature for unchanged value of thermal conductivity (case a) is greatly high than that for varying
value of it (case b). Besides, within the range of 1-3m, the temperature curve of the case a is below
that of the case b, and as the increase of radial distance, the two temperature curves trend to coincide.
The degree of temperature increase within the antenna region shown in Figure 10-(b) is obviously
higher than that in the both ends of wellbore. Therefore, the numerical model in this paper based on
the varying thermal conductivity can lead to apparently lower reservoir temperature near the
wellbore.
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Figure 10. Effects of thermal conductivity of reservoir on temperature curves.

4.2.1 Effect of Relative Permittivity of Reservoir

This Sects. 4.2.3-4.2.6 mainly focuse on the studies on the effects of relative permittivity, electrical
conductivity of water, water saturation and reservoir porosity on the reservoir temperature profiles.
Because this meets the actual situation during the RF heating process. Therefore, the results are more
convincing and have important guiding significance.
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Figure 11. Effects of relative permittivity of reservoir on temperature curves.

The effects of relative permittivity of reservoir on temperature curves are presented in the Figure 11.
When the relative permittivity increases from 17 to 22, the reservoir temperatures at any points of
the r-axis grow. Figure 11-(b) shows that the relative permittivity of reservoir has a greater influence
on wellbore temperature distribution. The temperature values along the wellbore rises when the
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relative permittivity changes from 17 to 22, As its value becomes 12, the maximum temperature
drops slightly, however, the temperature becomes high within the area of 1.0-3.8m. The results
indicate that higher relative permittivity of reservoir contributes to high maximum temperature but
lower relative permittivity can result in high temperature in the local position of the wellbore.

4.2.2 Effect of Electrical Conductivity of Water

Through comparing the curves shown in Figure 12, the increase of the electrical conductivity of
water remarkably brings about a rise in reservoir temperature near the antenna area. When the
conductivity is the value of 0.9 S/m, the maximum wellbore temperature is up to 620°C, which
indicate that the high electrical conductivity of water has good absorbing property for EMW and
then causes higher temperature. It is worth noting that the continued high temperature appears near
the antenna or along the wellbore, which may pose a greater challenge to the antenna and wellbore
stability. So some effective measures need to be taken to maintain the temperature within a
reasonable range, for example, employing the intermittent heating mode.
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Figure 12. Effects of electrical conductivity of water on temperature curves.

4.2.3 Effect of Water Saturation

Furtherly, Figure 13 shows the influences of different water saturations on temperature curves.

Higher value of water saturation brings about high maximum wellbore temperature, but the curve

for high water saturation drops sharply as the increasing radial distance. In fact, the other change

laws shown in the Figures 13-(a) and (b) are similar with the temperature curves revealed in Figures
-(@) and (b).
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Figure 13. Effects of water saturation on temperature curves.
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4.2.4 Effect of Reservoir Porosity

From the Figure 13, it can be seen that the effects of porosity on temperature are obvious. The
maximum temperature is 653°C when the porosity is 35%, however the maximum temperature
decreases to 268°C as the porosity is 15%. Meanwhile, as the increase of radial distance, the
temperature values of three curves trend to the initial temperature, and their temperature values are
about 35°C in the position of r=10 m (outer boundary of the reservoir) (Figure 14-(a)). However,
within the range of 4.5-7.5m (or -7.5- -4.5m), the temperature values in the condition of lower
reservoir porosity become high (Figure 14-(b)). So the analyses above manifest that the reservoir
with higher porosity can improve the temperature near the antenna arms, but it fails to increase the
temperature near the two ends of the wellbore.
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Figure 14. Effects of reservoir porosity on temperature curves.

5. CONCLUSION

From this study, the following main conclusions are drawn: (1) the maximum reservoir temperature
in the condition of the constant specific heat is slightly higher than that in the case of the varying
specific heat. The numerical model considering the varying specific heat can result in lower reservoir
temperature near the area of antenna; (2) the constant thermal conductivity can improve greatly
maximum wellbore temperature. So, the numerical model based on the varying thermal conductivity
can lead to apparently lower reservoir temperature near the wellbore. Besides, the degree of
temperature increase within the antenna region is obviously higher than that in the both ends of
wellbore; (3) when the EM frequency (50MHz) and output power (10kW) are constant, the reservoir
temperature can be enhanced by increasing the relative permittivity of reservoir, water saturation
and reservoir porosity. Moreover, the reservoir temperature near the area of antenna arms ascends
obviously with the increasing electrical conductivity of water during the RF heating. In fact, high
porosity and water saturation help to improve the water content. Therefore, the conclude can be
drawn that the water content and electrical conductivity of water play an important role in affecting
the reservoir temperature distribution.
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Experimental Approach for Natural Radioactivity Mesurement
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ABSTRACT
Radiations are existed since creation of universe due to the long life time of radionuclid. They are
found in soil, rocks, water, air, vegetation, building material, food in small amounts and also from
space as cosmic rays. In this study, measurement technique of measurement natural radioactivity for
226Ra, 232Th and 40K concentrations were detailed.

KEYWORDS: Natural radioactivity, Gamma spectroscopy,

Humans are exposed to radiation from both natural and artificial sources in their living
environments. Knowing the level of natural radioactivity in any region is important not only for
people to recognize the natural radioactivity levels of their habitats, but also to detect any possible
changes in radioactivity levels. Significant contributions to environmental radiation are due to
radioactive elements such as 238U, 232Th and 40K. Uranium and thorium concentrations in soils
are high in local areas and cosmic rays are more intense at high altitudes [1]. External exposure due
to natural environmental radioactivity and gamma radiation is largely dependent on geological and
geographic conditions and appears at different levels in the territory of any area in the world [2].
The main purpose of environmental radiation measurements is to determine the type and dose of
radiation that people receive from environmental sources and to assess the risk to be posed. In this,
the environmental concentrations of radionuclides, which constitute natural sources of radiation, and
the effect of radiation on biological systems, particularly in humans, need to be determined. In
addition, the relationship between the radionuclides in the environment and the dose of radiation
received by humans from these sources should also be determined. Only after such an investigation
can it be decided whether a region is suitable for living in terms of natural radiation.

The radioactivity concentrations of ??°Ra, 232Th and “°K in soil samples were determined using a
gamma ray spectrometry consists of a 3”x3” Nal(TI) detector connected to Multi-Channel-Analyser
(MCA). The spectrum is analyzed using the MAESTRO32 obtained from ORTEC. The schematic
view of the experimental system has been shown in Figure 1.
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Figure 1. Schematic view of gamma Spectrometer and electronic units

The spectrum is analyzed using the MAESTRO32 obtained from ORTEC. The measurement was
based on recording natural radioactivity quantities of three natural long-live elements: 2%5Ra, 232Th

165

2022.iccesen.org iccesen2022@gmail.com



Proceedings of ICCESEN-2022 29-31 October 2022, Antalya-TURKEY

and “°K which are considered the photopeaks at 1760, 2610 and 1461 keV respectively, in the natural
y-ray spectrum [3,4].
The activities for the natural radionuclides were calculated using the following relation [3]

N
A(Ba/kg)=—-—

p.t.m @

where A is the activity of the radionuclide in Bg/kg, N is the net peak area under the most prominent
photo peaks calculated by subtracting the respective count rate from the background spectrum
obtained for the same counting time. The net count rate in the measurement is calculated from the
background subtracted area of prominent gamma ray peaks. ¢ is the detector efficiency of the specific
gamma ray, y the absolute transition probability of gamma decay, t the counting time (s) and m the
mass of the sample (kg).
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Abstract

Unconventional gas reservoirst™€l have played a most important part in use of unconventional
resources, especially for tight gas. Therefore, the production performance analysis of fractured well
in tight gas reservoir is important for us to study. However, until now, most of researchers only
focused on 2D fracture model. To overcome this limitation, this work proposes a p3D fracture model
to improve this situation. Considering that discrete fracture and matrix model is very useful for usfl.
In this paper, a Discrete fracture—matrix method based on numerical simulation model (DFM-
PDA).And it also provides an accurate code for the simulation of gas flow, including non-linear gas
properties coupling in unconventional fractured gas reservoirs.

Numerical examples and field cases are presented to test the validity and show the capabilities of
the proposed approach.

Keywords-Discrete fracture matrix simulation; Production data analysis (PDA); Vertically
fractured well; Tight sandstone gas reservoir; P3D fracture modeling

1 INTRODUCTION

The development of tight sandstone gas reservoirs synthesizes a number of advanced technological
achievements in a variety of territories, especially hydraulic-fracturing. Until now, it is the only
technology that can make the production from the low and ultralow-permeability unconventional
plays possible[1,2,6]. Because of the big value of thickness about real tight gas sandstone reservoirs,
such as Shenmu gas field, the 2D fracture models cannot accurately simulate complex 3D fracture
systems. Recently, some researchers have studied 3D fractured reservoirs by use of p3D DFM
model. Lots of research effort has been devoted to developing numerical methods to accurately
model fluid flow in fractures (p3D/3D)[3-10]. In this paper, we develop a p3D DFM model to
simulate the polygonal fractures about fractured well in tight sandstone gas reservoirs. Our simulator
is verified by a good match of the simulation result with the actual field data in the case of simple
vertical fracture.
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2 EVALUATION OF SIMULATION RESULTS

2.1 Results

The proposed approach FVM-TPFA approach for the modeling of gas recovery from discrete
fracture-matrix is validated against actual field data. In this study, we use the advanced generator
DISTMESH to construct p3D grid[l. Based on 2D triangular grid, we extrude it into 3D layered
grid. The case study for real gas fluids are investigated. To demonstrate the applicability of the
proposed FVM-TPFA solution to production conditions typical of field operations, a field example
is considered in this section. The data used in this case is a vertically fractured gas well in the Shenmu
gas field of China.Fig. 10 gives the comparison of the interpretation results of well Al. As Fig. 1(a)
and 1(b) show, the solution results of proposed FVM - TPFA approach are compared against the
data from real gas field. Good agreement between results generated using the proposed method and
that from data from WellAl. It is found in Fig.10 for all in which an excellent match is also observed
among real field data and simulation data.

MR

13 2day

HMday | dday nSday
N1 day 19 dwy tay LN T

1(a) Pressure distribution during the process of
802 days’ production for gas well Al in Shenmu
gas field of Case study

1(b)log-log gas flow rate of wellAl in
Shenmu gas field

Figure. 1 Comparison of gas flow rate for Case between DFM-PDA, real field data of gas well Al
from Shenmu gas field

2.2 Sensitivity Study

Based on p3D fracture model, this sensitivity analysis concentrates on the effect of p3D parameters,
including length of hydraulic fracture and aperture of hydraulic fracture on the Bottom-hole
pressure’s behavior. As shown in Figure. 2(a), the more HF’s length increases, the farther pressure
spreads. With HF’s length increasing, the pressure’s drop gradually. Therefore, the increase of
hydraulic fracture’s length can be beneficial to the improvement of reservoir’s properties. As Figure.
2(b) shows, the more HF’s aperture increases, the farther pressure spreads. Therefore, the increase
of hydraulic fracture’s length can be beneficial to the improvement of reservoir’s properties.
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Figure.2 Influence of type curves for different parameters.

3 CONCLUSIONS

In this study, this work proposes a most useful method for simulating vertically fractured wells in
tight gas reservoirs. Some conclusions can be drawn as follows:

(1) The FVM-TPFA solution derived in this work is a generalized formulation applicable to natural
gas reservoirs is very useful for us to analyze the production data on fractured well in tight gas
sandstone reservoir.

(2)The good agreement between predictions given by proposed solution and reported field data.

(3) A general tight gas framework, DFM-PDA is developed and verified. This method can easily
use and extend DFM-PDA to analyze practical giant tight gas problem with height and non-linear
gas properties, like Shenmu gas field.
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