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Open Spaces Design Principles Of Elementary Smart Schools for spécial needs
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(Al Amal schools for the deaf and hard of hearing)

Abstract :

It is considered a problem to develop educational curricula for people with special needs with the
different type of disability, so these curricula have become more dependent on teaching and learning
within the open spaces in smart basic education schools, which requires redesigning these spaces to
meet this development in need. Therefore, the research aims to prove the hypothesis that the optimal
approach to a good design process for open spaces in smart schools for people with special needs is
design in an integrated framework that combines the achievement of design standards and the needs
of users while taking into account the safety and security factors of this category, by designing a
matrix of criteria to coordinate Open spaces and defining smart design Principles for basic education
schools for people with special needs

key words:

Open spaces - smart schools - Schools with special needs
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HE I
- Aga Khan award of architecture,
https://www.akdn.org/architecture/project/sand
bag-shelters.
- Deborah Macédo dos Santos, José Nuno Dinis
Cabral Beirdo, Generative tool to support
architectural design decision of earthbag
building domes S1GraDi 2017, XXI Congreso de
la Sociedad Ibero-americana de Grafica Digital
22 — 24, Noviembre, 2017 — Concepcidn, Chile.
- https://archnet.org/sites/4366/media_contents/

89632.

- https://canadiandirtbags.wordpress.com.
-https://www.lowimpact.org/lowimpact-
topic/earth-bag-building/
- Kaki hunter and Donald Kiffmeyer, Earthbag
Building, The tools, tricks, and techniques, New
society publishers, (2004), Canada.
- Kelly Hart, Essential Earthbag construction,
the complete step by step guide, New society
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Earthbags Buildings
As An Approach to Build The Refugees' Shelters
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Abstract:

Construct the residential buildings in the crises considers as one of the major problems for the
countries, which need to provide affordable shelters within limited time especially in the refugees’
cases, earthquakes, floods or any emergency crises.

The paper suggests to use the earthbags buildings as a solution.

Earthbags system considered as one of the Flexible —form Rammed Earth technique which lays on
mixing earth components, soil and dirt with little amounts of water.

Earthbags method begins with filing the soil into the bags before drying as the same with the rammed
earth, then laying the bags and compact them with tampers, two strands of 4-point barbed wire are
laid in between every row which act as mortar, that helps to raise the tensile strength of the walls,
finally the bags corbel to form the domes.

The paper focuses on studying the Earthbags building techniques to use in the refugees' shelters, and
comparing with the compressed earth blocks to show the deference in the time of building process, in
addition to the community participation which adds values in the crises cases.

The paper presents some examples of building with earthbags system and finally concludes to a
methodology to apply the earthbag system on the refugees' shelters.

Key words:
Earthbags Buildings- Refugees' shelters- Compressed earth blocks.
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Assessment of Sustainable Ecological Design

Considerations in the Built Environment
Abstract:

In view of the multiplicity of urban problems and issues as a result of some environmental
variables and the loss of diversity and biological balance in urbanization, the need arose to provide a
positive relationship between buildings and the surrounding natural environment, to reduce the
negative impacts on the built environment to become livable and human-friendly, as the problem was
the neglect of many urbanists and architects. the application of sustainable ecological design
considerations in the built environment, which led to the emergence of sick buildings with a rate of
30% of the urbanization as a result of lack of ecological integration, which included the negative
aspects that the built environment suffers from at the level of buildings and surrounding spaces, and
the current urban and architectural patterns to achieve the principles and standards of sustainability
therefore, the research aims to assess the extent of application of ecological considerations by
proposing a methodology for evaluation according to scientific foundations and standards, to find
innovative mechanisms and solutions for a sustainable ecological built environment that achieve
compatibility between human needs and natural, environmental determinants, in order to provide a
healthy built environment to face urban issues and future variables, and the research assumes that
ecological design the sustainable generation as one of the modern trends of urban and architectural
thought achieves the positive relationship between buildings and the natural environment, with the
achievement of production, low cost, affordability, sustainability, integration with the environment
solubility, and used the inductive approach with theoretical study, and the analytical, deductive and
comparative method of analytical study, to study global experiences and evaluate The validity of the
proposed methodology, and then monitoring and analyzing the results in the form of graphical
comparisons, which proved the validity of the hypothesis and achieving the goal by evaluating the
extent of application of the proposed methodology to achieve the ecological design considerations for
the sustainability of the built environment.

Keywords:
Ecological design - the built environment - sustainable urbanization - future changes - urban
issues.
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The Role of Sustainable Urban Transportation in Solving Air Polution Problem in
Great Cairo
Mohamed Adel Salama
Architectural Engineering department, Thebes higher institute for Engineering.
mas_siak@yahoo.com

ABSTRACT

The research aims to demonstrate how sustainable urban transportation can participate in protect the
environment from air pollution in Great Cairo Region, accordingly the research follows two methods
to achieve its goal, the first is to demonstrate the environmental problems caused by transportation in
Great Cairo Region, their reasons and their negative environmental effects, while the second states
the environmental considerations that have to be taken in consideration while planning of sustainable
urban transportation, as long with showing the role of sustainable urban transportation in solving air
pollution problem in Great Cairo Region.

.from this point the research showed the reasons of transportation problems in Egypt, and the negative
environmental effects of transportation in Great Cairo Region such as problems related to air pollution
and problems related to traffic jam, moreover the research showed the environmental considerations
of planning sustainable urban transportation in order to mitigate the negative environmental effects
of transportation, also the research showed the required solutions for the environmental problems
caused by transportation in Great Cairo Region such as solutions related to reduce air pollution, and
solutions related to sustain urban transportation.

The research concluded that it is a must to go toward sustainable urban transportation in Great Cairo
because it is the best solution to mitigate the negative environmental effects of transportation
especially air pollution.

Key Words: Urban Transportation, Air Polution in Great Cairo, Environmental Pollution, Strategy
of Urban Transportation
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A mechanism for public services allocation in Egypt,
Depending on their compatibility

The concept of mixed land uses emerged because of what cities have suffered
because of the problems of segregation in land use, such as urban sprawl, the high cost of
transportation to workplaces and services, and environmental pollution. Due to the many
problems that cities face, especially the Egyptian ones, such as urban sprawl on agricultural
lands, and the inefficiency of service provision, in addition to The difficulty of implementing
detailed plans for cities because of the lack of state-owned land suitable for urban
development, which corresponds to the areas required to provide the cities' current and future
needs for services, so the multiple use of land can be an appropriate solution to overcome the
problem of availability of land as well as to achieve maximum benefit from the value of land.
The research problem is based on the absence of a current mechanism by which compatibility
between services can be determined, and to decide their simultaneous or sequential
coexistence in the same site within the context of multiple use of lands. The research deals
with this problem by defining the main objective of the research, which is to uncover the
theoretical framework that includes the current problems of Egyptian urbanization, then
review and analyze the literature of the application of mixed land uses, as well as the
compatibility between land uses and analyze previous studies that dealt with calculating the
compatibility between land uses in order to determine the variables of calculating the degree
of compatibility Between services in Egypt, and the preparation of a compatibility matrix
between services in Egypt to assist the urban planners and decision-makers in identifying
alternatives to services that are suitable for simultaneous or consecutive joint coexistence, as
well as a participation matrix explaining the spaces that can be provided by each service to
share with other services, whether similar or different service.
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Towards implementing the mechanism of multiple use of land in Egypt

New planning trends that adopt the idea of mixing land uses such as the
compact city model and the new urbanism trend have arisen in because of continuous
increase of population as a determinant of urban development, so new approaches
have appeared in urban planning to solve the problem of land availability to meet
this increase, such as the vertical city, the floating city and underground city, as is
currently the case in Singapore. There are also voices calling for the use of a single
plot of “multiple land uses” in order to achieve the greatest benefit from the plot of
a limited, non-renewable resource, within the framework of the concept of mixed
land use where no single type of land use dominates.

Therefore, the interest in the multiple use of land policy as a new proposal
has become one of the important and urgent considerations, as the research aims to
reach to determine the suitability of the multiple use of land for application in Egypt
and to know what are the mechanisms of its application, which contributes to
improving the performance of urbanization, and how to use it to develop lands,
whether space or based on the use of (lands Public services - educational, cultural
and youth ...) in the Egyptian cities, through the theoretical framework of the study
to reach the advantages, disadvantages and requirements of the application of the
multiple use of lands. The analytical framework was done by studying the previous
experiences and finally by selecting the results through a questionnaire of opinions
of specialized experts
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ABSTRACT:

A lot of people have to live near power
lines, and there is strong evidence that electric
fields around power lines may cause cancer as
well as many other symptoms that humans can
directly observe, such as poor short-term
memory, chronic fatigue, depression, nausea,
and rashes. Hence, it is necessary to mitigate
these fields to acceptable values to protect such
groups. There are already many conventional
compensation techniques in electric field
mitigation may be useful in areas where the
space is available however in residence with
high civil density other techniques should be
introduced. In the present paper, the self-
compensation using voltage unbalance will be
introduced. The main concept of the research is
that the electric field resulting from three-phase
voltages is negligible as the separations among
phases are too small. However, in Overhead
Transmission Lines the separations among
conductors are determined based on the
breakdown strength of air and cannot be changed
widely. On the other hand, this concept could be
applied electrically not mechanically in
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overhead power lines by controlling the three-
phase voltages to make it as if it were located as
near as possible to each other, resulting in a
lower electric field. Genetic Algorithm (GA) is
used to find the desired voltage unbalance
achieving the electric field as minimum as
possible in the residence area. The proposed
algorithm is applied to 11 kV line and the results
show that the electric field is reduced to about
82% under the safe limit, which is considered a
very good percentage compared to other
techniques.

Keywords:

Voltage unbalance, electric field,
genes, fitness, individuals, genetic algorithm,
and mitigation techniques.

Symbols & Abbreviations:

AC: alternating current
ALS: Amyotrophic Lateral Sclerosis
EHV: Extra High voltage
EMF: Electromagnetic field
EMF: Electromagnetic Force
FDM: finite difference method
FEM: finite element method
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GA: Genetic algorithm
Hz: Hertz (unit of measuring
frequency)
kV: kilovolt (units of measuring
electromotive force)
PSO: particle swarm optimization
RMS: Root mean square
V/m: Volt per meter (unit of measuring

electric field)

I-INTRODUCTION:

There is a modern term called “electric
pollution”, which refers mostly to the bad effects
of electric and magnetic field energy emanating
from electrical wiring. Many publications have
dealt with this subject and discussed the harmful
effects of electromagnetic fields on the human
body depending on the frequency and intensity
of the electromagnetic field. They concluded,
"Chronic exposure to EMF is associated in some
scientific studies with increased health risks that
vary from headaches, skin rashes, mental
confusion, tinnitus, impaired learning and
disorientation to a variety of cancers, and
neurological diseases like Amyotrophic Lateral
Sclerosis (ALS) and Alzheimer's. Thus it is
always a good idea to avoid the unnecessary
exposure to electromagnetic fields whenever
possible. [1, 2]. Although attention has focused
on childhood cancer and leukemia in relation to
exposure to EMF; other diseases including adult
cancers, heart disease, Alzheimer’s disease, the
incidence of suicide, miscarriage, and
depression have been investigated [3]. The limit
for the undisturbed field for humans is 15 kV/m
as RMS wvalue [4]. When designing a
transmission line this limit is not crossed. Also,
proper care has been taken in order to keep
minimum clearance between transmission lines

[5].
There are different methods used to

calculate the electric field around power lines.
The boundary-dividing methods are preferred,
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such as the finite difference method (FDM) or
finite element method (FEM) [6]. Gaussian
cubature method is an efficient numerical
integration method that yields simple and fast
potential and field formulas since the triangles
and rectangles with their continuous charge
distributions are replaced by discrete point
charges. Thus this method is very accurate at
positions far from the elements. However, for
positions very close to the elements, the
Gaussian cubature method is not precise enough,
therefore analytical integration has to be used
there [5, 7, 8].

Different methods are used to mitigate the
electric field intensity near to power lines. These
methods could be electrical or mechanical. The
mechanical methods depend on changing
positions of conductors such that the magnetic
field is minimum. One of these methods is the
transposition of overhead power line such that
the desired values of electric and magnetic field
mitigation are obtained [9]. But this method
requires more than a line to find the optimal
solution in addition to the best solution is
restricted by discrete values of the field. Another
mechanical method that is suitable for a single
line method is adjusting the line geometrical
parameters in order to achieve the minimum
intensity of the electric field and magnetic field
intensity the line [10]. The main disadvantages
of this method are the high cost and the solution
is restricted by the breakdown strength among
phases [9, 11]. Also, active and passive shield
wires are used to mitigate the electric field as an
electrical method. The electric field at the
ground level decreases continuously with the
increase of the spacing between shield wires.
The main disadvantage of this method is that it
has no great effect around the line, its effect
appears only under the line [10, 12].

The present paper provides a proof that
inserting voltage unbalance into the power line



could be used to mitigate the electric field
intensity to a very low level. Adjusting the
voltage of each conductor within the allowable
limits which not exceed than 10% of the rated
voltage [13, 14], to make them seen as electrified
by balanced three-phase voltage at positions
close to each other resulting in a lower electric
field.

Fig.1 shows a schematic diagram of the
proposed method. In the proposed method GA is
used to obtain the desired voltage unbalance
causing the electric field intensity minimum
value.

Fig.1: Schematic of proposed method

I CALCULATION OF ELECTRIC FIELD
a- general case:

A transmission line of long conductor
parallel to the ground shown in Fig.2 consists of
n conductors with potentials Vi and charges g
per unit length (i=1,2, ... n).

Fig.2: Transmission-line conductors over the
ground plane.
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The effect of the ground is simulated by
mirror images of the charges qgi [15]. The
potential @,,, at an arbitrary point M(x, y) due to
conductor 1 and its image assuming the line
charge is located at the axis of each conductor is
given by:

q1
2TEy

I 22M
aim

)

Dy1 =

Where,

aim: the distance between the conductor
1 and the selected arbitrary point
M

bim: the distance between the image of
the conductor 1 and the selected
arbitrary point M.

A useful approximation is to consider
that the line charge is located at the axis of each
conductor, and to finish the calculations,
(hi - the height above the ground) & (ri - the
radius of the iy, conductor) should be considered.
The field at point M due to conductor 1 and its
image is the gradient of @y, as follows:

= 00m1 — 001
EMl - = Ax x ay uy (2)
& q1(x—x1) 1 1) _
B = 0 )
M1 2meg aip? biy?) % +
q1  y—hi  yt+hy -
A h vty g 3
2meg (a1M2 blMZ) y ( )

Then the potential at point M due to all the
transmission-line conductors could be given by:

4)

bim

aim

n qdi
=1 o1e,

QM = In

Subsequently, the resultant field at point M
has the following components:

(

1
(x=x)?+(y—hy)?

®)

qi(x—x;)
2meg

n
i=1

)

(Exdm =
- r
(x=x)2+(y+h)?



(E,) =3y, X ( y=hi _ bi1 bz by

Yom = 2meg NP+ G-ho)? [b]=bz1  bzz by
y+h;

(x_xi)2+(y+hi)2) (6) b31 b32 b33

If the point M is placed on the first

2y; \/(xz —x)?+ (2 +y1)? \/(Xs —x)?+ (V3 + y1)?
conductor, then N R TREng 2, [P T G v
(1 —x3)2 + (1 3)? (e —x3)2 + (12 3)? 2y;
Om =V, biv=2h, amm=r1 y Fot T g
. Finally, (4) takes the following form shown Py Py, Py
in (7). [P1= P21 Py; Py3
V= Bn2y 92 Pz 95 g, Das gy Par Paz Pas
2megy T1 21EQ aip 21EQ ais
an bin b b b
—In—= Eq. 7 2t 212 s
2meg naln ( g ) In aia In aiz In a3
bz bz, bz3
i i =k* In= In—= In—=
. Using the matrix form, (Eq.,7) could be k N, M, M.
written as follows; In2 ez gl
asi asz ass
Vi = q1P1y + q2Py + q3P3q + - Where,
1
Vo = QP12 + q2Ppp + q3P3p + - k2 (Constant) = 2me,
g0 (Vacuum Permittivity) = 8.854 x
102C/V m
Vi= qiPui+qiPy +qiPs + - x: (Horizontal distances of the conductor
Finally, the previous equation could be from the origin) = [x1 x2 x3]
introduced in the following matrix form: y: (Vertical distances of the conductor
from the origin) = [yl y2 y3]
[V1=[P][d] (8) r: (Radii for the three conductors) = [rl
r2 r3]
b- Three-conductors case:
For only 3-conductors line, the electric field 2-  Calculating [q] = [P]* * [v]
could be calculated through the following steps: Where,
1- Calculating _distance matrices [a] : (Charges at the three
[al,[b] & [P] conductors) = [g1 92 gs]

a;1 Qg2 A4g3
[a] = @21 @z Azs [v] : (Voltages for conductors) =

as; asz; ass [Vi V2 vs]

= 3- Calculating the electric field at a

r Vo =22+ 02— y1)? @ — %) + (3 — y1)? point, then repeat at a range
(x1 = 22)% + (1 — ¥2)* T2 (3 —22)% + (3 — ¥2)* F i
or a point M(Xm |, , the
\/(x1 —x3)2+ (y1 - ¥3)? \/(xz —x3)2+ (y2 — ¥3)? T3 p ( m ym)

following electric fields in X
direction are given as follows:
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]

k

1
(xm -%X1)2+ m -y1)?  (¥m - X1)?+ (m+y1)?

Exl Xl) [

(Xm
1

ar*

Exo = K* Qo™ (Xm— Xo) * [ ————————
2= K0 O =) " L e G
_%]
(om - %2)%+ (Vm+y2)?
Exs K * g% (Xm — X3) * [
1 1 ]

(om - %202+ W -y2)?  (Xm - X2)2+ (Vm+ ¥2)?

Then, the total x-coordination of
the electric field Ex is

Ex = Ex1 + Ex2 + Ex3
Similarly, applying the same for y-
coordination

E =Kk * * (Ym -y1) _

" & S om
(Ym+y1) ]

(¥m = Xx1)%+ (Ym+y1)?

B = kK * g * [

(Ym+y2) ]
(xm = X2)%+ Ym+y2)?

Eys = k * a3 * [
]

Ym -y2) _
(om - %2)%+ (Vm - ¥2)?

(Ym -y3) _
(em - %3)%+ (Ym - ¥3)?
(Ym+ys3)
(xm -%3)%+ (Ym+y3)?

Then, the total y-coordination of
the electric field Ey is

Ey = Ey1 + Ey2 + Eys3

Finally, the total electric field Eo
can be calculated as,

Etot = /E,C2 + E)?

111-PROPOSED TECHNIQUE

Fig.3 shows how the voltage unbalances
could be used to mitigate the electric field. The
negative sequence voltage is inserted in the
circuit before the study area and then it is taken
out after the end of the study area. It is important
to note that the three-phase voltages are balanced
before and after the residence, only the part of
the transmission line parallel to the residence is
unbalanced. The figure illustrates the proposed

€)

method and shows how controlling the voltages
is equivalent to changing the positions of the line
causing the resultant electric field is minimized.

The figure shows also that the voltage
unbalance is seen only at the part of line parallel
to the residential area however for the overall
power system, it is seen as a floating circuit. The
voltage unbalance could be inserted using
different means such as a voltage source active
power filter, series reactive elements, and some
special connections of autotransformer [16]. The
selection of the suitable method depends on the
standard limits of the electric field and economic
criterion.
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Extracting
Unbalance

Residence

Fig.3: Graphical illustration of the proposed
method

GA is applied to estimate the values of the
negative sequence voltages (three magnitudes
and three-phase angles) resulting in minimum
electric field mitigation. The standard GA is
shown in Fig 4. It is based on the principles of
natural genetics and natural selection. The basic
elements of natural genetics; reproduction,
crossover, and mutation [17, 18]. GA is a
heuristic search that reflects the process of
natural selection. The fittest individuals are
selected for reproduction in order to produce
offspring of the next generation. If parents have
better fitness, their offspring will be better than
parents and have a better chance at surviving.
This process keeps on iterating, and at the end, a



generation with the fittest individuals will be

found [19, 20].

| Initialization |

A 4

Individuals test
for fitness

l

Individuals selection
for reproduction

!

Reproduction
(crossover and mutation)

No

Final Generation |

Fig.4: GA flow chart

The genes of the proposed GA are the
values of magnitudes and phase angles of the
unbalanced voltage inserted into the line at the
beginning of the residential area and extracted at
the end of it. Voltage magnitudes and phase
angles are controlled in the range of 10% the
normal values to produce the desired values
which result in the best-optimized level of an
electric field in the specified residence.

The proposed GA is subjected to the
constraint that is the voltage between any two
conductors does not exceed the standard limit.
The values of voltages magnitudes and phase
angles are encoded as binary genes of each
chromosome. Fig 5 shows the encoding genes
where Vn, represents the rational change in the
voltage magnitude and Vn represents the
rational change in the phase angle. The number
of genes depends on the number of the line
circuits, where each circuit is encoded using six
genes.

Vm
1

Vph
1

Vm Vm Vm
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Fig.5: Encoding of proposed GA

The fitness function of the proposed GA is
the mean value of the electric field induced from
the power line over the specified residence area.

IV-SIMULATION AND RESULTS

a. Case study

The proposed method is applied to an
Egyptian medium-voltage single-circuit 11 kV
overhead transmission line. The configuration of
the 11 kV transmission line and the simulation

data are shown in tables 1 and 2.

Table 1. The configuration of 11 kV
transmission line

Coordinates(m)
Phase Lateral
conductor distance Height
number from the tower
center
1 -0.5 10
2 0 10
3 0.5 10

Table 2. Simulation data of the proposed

method
. The The
Radius | Horizontal .
Voltage vertical
. of the range on .
magnitu . . distance
wires both sides
de (kV) above the
(mm) of the .
tower (m) g
11 7 50 2

Fig.6 shows the electric field profile
without compensation for the case study
described above. The electric field is calculated
at medium voltage power line of 11 kV single
circuit suspended at towers of 10m high and the
lines are separated by 0.5m each.



Fig.6 shows that the peak value of the E- Selection | Roulette | Probability 001
Field is about 35 kV/m, and it occurs at a operator: | wheel of Mutation: | =
distance of 5m from the center of the tower. At -

A . Adaptiv -
10 m from the center of the tower, the E-Field is Mutation e Probability 01
about 24 kV/m that is greater than the safe value operator: feasible of elitism: '
which equals 15 kV/m as stated before.

Based on the proposed 6 genes (3 voltage

magnitudes and 3 phase angles), the electric

30 - field is minimized. Fig.7 shows the electric field
profile with and without compensation and the
results of the proposed GA are shown in table 4.
2 It is clear that a considerable reduction in the
5 electric field in the residence area. Since the
electric field is mitigated on one side of the
power line, however on the other side the electric
5 field increases, the proposed method is suitable
to residences extending on one side. The peak at

% 40 a0 a0 go o 1 2 3 w0 % the right side is disappeared completely and the
E-field at this point (5m from the center of the

Fig.6: E-field Vs distance from the tower at tower) decreases steadily from 35 kV/m to 5

35

25

E-Field in Kv/m

normal case kV/m. After 5 m there is nearly no field (85%

b. Proposed GA reduction). The main advantage of the proposed
The proposed GA is applied to the case study ~ Method is that the field is decreased
with the parameters shown in table 3: continuously to the same level over a range, not

a point. However, the main disadvantage of the
proposed method is that it implemented on one

Table 3. GA applied parameters side.
The « Before Optimizati
preCiSiO After Oplfmizaiion
n of %0
Two
. 0.0001 _
Stopping among Crossover - E After
criteria: 30% of operator: poin E \ . Before
< 30 4
the best t i _ /
solution 8 L
S
Populatio Probabilit o
P 100 Y 1o
n size: of crossover:
-050 40 -30 -20 -10 0 10 20 30 40 50
PI’Obabi”ty The Distance From The Tower in (m)
Nfumber. 6 of ducti 03 Fig.7: The distribution of electric field before
ot genes. .repro Ledio and after optimization
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Table 4. Mean of E-Field before & after GA

optimization
Voltage magnitudes | The mean | The mean
in (V) of E-Field | of E-Field
and phase angles | from 0:50 | from 5:50
‘é’ in (Degree) m at right | m at right
N3
8 N I D
@ Field | 5 | Field | o
[9°] @D
3<g<3<'g_<3<g< value | 2 |value | &
kVim| £ |kv/im| 2
o o
=} 5
g
S|, |~ [ = ©
23 28(5l8|o|8|R] @ 5
I~ o1
55/8|5|8| |8|°| & 8
o
> 75 85
o % %
ESIR - N -
§.> oLk, |8 o o
22|13]5|8|75|% B | | B
=.
5
c. The Comparison of the results with

other:

In comparing the values resulting
from the proposed method with the
values resulting from other effective
method, the following results shown in
table 5 have been found:

Table 5. Comparing the proposed
method with other

Other
Proposed .
effective
Method
. . . methods
Evacuation | (inserting .
. (changing
parameters negative .
power line
sequence .
geometrical
voltages)
parameters)
Line
. 11 kv 220 kV
potential
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Before 8.1538 5.0358
optimization kV/m kVim
After 1.2318 0.6967
optimization kV/m kV/m
% Reduction 85% 86%
Change I!ne No need mandatory
construction
Optimization Acceptable High
cost

Where the other effective method is
applied to 220 kV power lines. The
technique used is to optimize the line
geometrical parameters aimed to reduce
the intensity of the electric field intensity
under an overhead power line. GA and
particle swarm optimization (PSO) are
used to find the optimum solution [9].

And as shown in table 5 that the
mitigation results are too close, but in the
proposed method, the cost is low, and
don’t need any changes in the line
construction, as compared to the other
method. It is worth noting that the
proposed method has been applied to
medium  voltage while all other
researches apply the  mitigation
techniques to high voltage, in order to
make use of the results in Distribution
Companies.

V - CONCLUSION AND FUTURE WORK

The present paper provides a new
technique to mitigate the electric field near
the overhead power lines. This technique is
based on adjusting the three-phase voltage
in the residence zone such that the electric
field is minimum. When the desired
unbalance voltage is inserted in the power



line, the line conductors will seem like a
balanced three-phase voltage located as
near as possible to each other resulting in
minimum electric field. The negative
sequence Voltage is inserted into the power
line at the beginning of the study area then
extracting it at the end of it. GA is used to
obtain the desired negative sequence
voltages achieving the lowest possible value
of the electric field in the study area. The
results show high reduction rates of the
electric field in the study area. 11 kV
medium-voltage line is used as a case study,
examining the electric field values before
and after mitigation at 2 m height under the
power line of 10 m height and 0.5 m spacing
between phases and at 50 m long at the right
of the tower.

In the future, the optimized genes; the
voltages magnitudes and phases of the
three-phase line; could be replaced by their
corresponding series reactive elements that
cause the desired voltage to unbalance
assuming constant line current.
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Abstract

A Brain Tumor Classification Framework has been outlined and created. The framework uses
computer based strategies to identify tumor blocks or lesions and classify the sort of tumor utilizing
matching histogram in MRI images of different patients with brain tumors. The picture processing
methods such as picture segmentation, picture enhancement. Several techniques can classify the
tumor such as Support vector machine (SVM), artificial neural networks (ANN), and Naive Bayes,
but they did not accomplish the required accuracy. The automatic classification of tumors requires
high precision since the non-accurate conclusion would cause a rise within the predominance of
more serious diseases. In this paper, the proposed method using fuzzy logic and genetic algorithm
based on image histogram to enhance the brain tumor classification. The experimental result
showed that our technique is more effective than the previous techniques, as well as the
classification accuracy efficiency is 99.9%.

Keywords: Image Segmentation, Histogram, MRI, Fuzzy, membership and weight.

1. Introduction Classification of brain tumors is a more
Automated classification and discovery of difficult task due to frequent change of
tumors in several medical pictures requests behavior for tumor region's texture, form,
high precision since it deals with human life. discontinuity, irregularity and uncertain
Too, computer help is highly looked for in boarder of gliomas. Analyzing the medical
medical institutions due to the reality that it images manually gives more mistakes, as
seem improve the results. It has been proven well as takes a long time. This problem
that double reading of medical pictures may significantly degrades the accuracy of the
lead to way better tumor discovery. But the classifier and has a negative effect on
cost caused in reading is very high; hence computational time. The hybrid
great computer program to help people in classification technique to enhance the
medical institutions is of great interest these accuracy problem.The proposed methode
days. consists of sub steps: FCM segmentation
Magnetic resonance images (MRI) combine based on otsu's thresholding, the image
a common advantage with CT - high spatial histogram and fuzzy-genetic classifier. FCM
resolution pictures - but with no ionizing segmentation is an unsupervised
radiation presentation, which makes it a more classification  algorithm  [14]. Otsu's
secure method. MRI holds a really particular Thresholding is used for removing the noise
place among imaging modalities ,since it is of the picture to get a high-quality image
highly flexible from particular centres of see without losing any important information. It
,and it offers flexibility of slice positioning at is a critical technique in medical picture
any point inside the three dimensional space, preparing. The basic idea is to calculate the
included to an really great soft tissue optimal threshold gray level value required to
differentiate. isolate the object region from the overall
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image. This algorithm greatly improves the
speed of thresholding and has superior
resistance to salt and pepper noise [13].

In the area of medical diagnosis, some
Artificial  Intelligence  (Al)  methods
including neural networks and fuzzy logic
are successfully applied to a wide variety of
decision-making problems. In the proposed
method, the data set BRATS 2013 which is
online available is used [8]. It comprises of
low-grade gliomas (LGG) and high-grade
gliomas (HGG).

MRI sequences are T1-weighted, T2-
weighted, and Fluid Attenuated Inversion
Recovery (Flair) scans. Flair has a better
resolution since it involves 1019 images for
HGG type and 206 images for LGG type.
MRI images are converted into grayscale
images, and then they are segmented using
the FCM method biased on Otsu's
thresholding. The proposed classification
method generates fuzzy if-then rules based
on image histogram, and then optimizes the
matching accuracy using genetic algorithm.

The rest of this paper is organized as follows.
Section 2 describes the related work for brain
tumor classification. Section 3 presents the
proposed model. The experimented results
obtained by the proposed method and
discussions are given in section 4. Finally,
the conclusion.

2. Related work

Saumya Chauhan et al. [1] detect the tumor
from MRI pictures utilizing Instance-based
K-Nearest utilizing Log and Gaussian
Weight Kernels  (IBKLG).Unimportant
information from the picture is evacuated
utilizing median filtering. The input MRI
pictures are Grayscale. HSV colour-map is
utilized to change over the picture into an
RGB picture, which makes a difference to
imagine the colour contrasts. K-means
clustering calculation is connected to make
sections of the picture. Texture Features are
extricated. This method achieves a better
accuracy with 86.6% compared to Naive
Bays.
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Garima Singh et al. [2] detect the brain
tumors using K-Means Segmentation and
Normalized Histogram. They classify using
the Naive Bayes method and SVM into
normal and abnormal.

The results were not satisfactory and the
classification of brain tumors was not
accurate. However, G Rajesh Chandra et al.
[3] make a segmentation method using soft
thresholding Discrete Wavelet Transform
(DWT) and genetic algorithm  for
enhancement of the image. This method
achieved SNR (signal to noise ratio) value
from 20 to 44 and segmentation accuracy
from 82% to 97% based on ground truth MRI
images.

Anitta Antony et al. [4] classify the tumor as
meningioma or glioma. They segment the
image into three clusters K=3 and extract
1024 features using weighted Neighbor
Distance using Compound Hierarchy of
Algorithms Representing Morphology
(Wndchrm tool)with SVM classification. An
80% accuracy is achieved, however for 154
features with SVM classification, 93.33%
accuracy is achieved.

Saddam H et al. [5] utilize cascade deep
convolutional neural networks (CNN) design
for tumor segmentation. This strategy joined
both local and global features since is
important for tumor segmentation. The
utilize of max-pooling, max-out and drop-out
complement the learning handle, progressing
training and testing speed by decreasing
highlights in a completely associated layer as
well as decreasing the number of parameters,
which decrease the chances of over-fitting.

Reema Mathew et al. [6] design a K-mean
clustering algorithm for image segmentation
and extracted from it GLCM, DWT and
Gabor wavelet features. Since the vector
gotten could be huge, it is decreased with the
assistance of Principal component analysis
(PCA). PCA output is the input for the SVM
classifier. Their results appeared that the
SVM method with a linear kernel achieves
more precision for a large number of the data.
Sudipta Roy et al, [7] develop a classifier
system using ANFIS for brain tumor tissue.



It got 98.25% precision on the Harvard
benchmark dataset. Examination with a huge
number of variables requires a huge amount
of memory and computation control. Feature
extraction may be a term for strategies of
building combinations of the factors to get
around these problems while portraying the
information with adequate exactness.

3. Proposed Method

In this study the design of the proposed
system provides the MRIs with accurate
detection and classification into a benign
and malignant .The proposed classification
method consists of sub steps as shown in
fig.1.

The image pre-processing has the objective
of removing the noise and keeping the
information for the tumor by thresholding. In
the FCM segmentation, the tumor is
extracted from the image with high accuracy.
In the next stage, the histogram from the
segmented image. The final stage is the
classification based on the image histogram
using fuzzy system. The matching accuracy
is optimized using genetic algorithm.

Brain MEI Images

4

OTSU'S Thresholding

=

FCM Segm entation

-

Im age Histogram

-

Fuzzy - Genetic Classifier

4 U

Benign

Malignant

Fig. 1 Flowchart of the proposed
method for Brain Tumor Classification
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3.2

3.1 Proposed Image Pre-processing

The goal of pre-processing is striding the
image data that smother undesired distortions
and improves image features that are
pertinent for processing [9,10].

It includes sub steps such as thresholding and
FCM segmentation [11, 12].

The flow chart of the proposed method is
shown in fig.2. It has higher accuracy than
other methods such as neural network or K-
mean method. FCM clustering for brain
tumor gives three clusters; CSF, WM, and
GM (brain tissues) [15, 16].

The fuzzy partition should have two
properties; homogeneity within the clusters
and heterogeneity between clusters [17, 18].
Utilizing an averaging (Gaussian) filter and a
median filter to remove salt and pepper noise

from an image.
Read MRl nput Eﬁ :ﬂ Findthe Mask }::) Cerzhrum Region
\

FCM Seementaion

Find he il
Theeshold

OTSUS Threshalding

Tumor Region

Fig. 2 Flowchart of the proposed method
for image segmentation
Image Histogram

Histograms are an effective strategy to depict
distributions  of  continuous  factors.
Histograms plot the frequency of event of an
observation within the intervals. It can be
respected as a sort of classification of
information. Each sample is sorted into one
of several "bins" agreeing to some property.

Firstly, we assess the number of bins 'S, used
to build MRI image histograms, on the
classification results. The main aim from our
proposed system is to obtain a feature space,



which may be utilized to discriminate

between benign and malignant tumor.
3.3 Fuzzy classifier
In later decades utilizing fuzzy theory in
administration and building has increased
significantly. Fuzzy science is able to develop
models which can handle qualitative data
intelligently nearly like a human. Data input for
the fuzzy system is the histogram from the
segmented image. Fuzzy systems use the
linguistic variables to create choices based on
fuzzy rules and this is the reason why these
systems get better results compared to those use
crisp values [19- 21]. Thus, fuzzy logic provides
simple modeling, fast convergence, and noise
reduction. The proposed fuzzy system could be
illustrated through the following items:
linguistic variables, fuzzification,
knowledgebase, fuzzy logic operations, and
defuzzification.
3.3.1 Fuzzification
In this phase, the input is the histogram from
the segmented image and converts this crisp
value to a fuzzy weight depending on the fuzzy
membership. The membership functions have
multiple types such as triangular, Gaussian,
trapezoidal, piecewise linear and singleton. In
the proposed fuzzy system, two output fuzzy
sets are labeled “low” and "High".
The MF is the triangular membership function.
A triangular MF is indicated by three
parameters {a, b, c} as takes after:
The parameters {a, b, c} (with a< b < c) specify
the x coordinates of the three corners of the
TMF. Triangular memberships function (a, b, c)
by calculation in equation (1).

— 0 x<a
= a<x<bh
b—a
Ha(x) ~
=X b<x<c (D)
c-b
0 xX=c

3.3.2 Histogram Matching

Histogram-based picture coordinatin
calculations attempt to measure the similarity
in contents through their histograms between
a model picture and any pictures in database,
i.e., target images, in arrange to properly

classify or recover images. Histogram
intersection (HI) is calculated by equation (2).

(2)  HI =X, min (hy (i), hr (i)
Where,

hy The histogram of a model image.

hy The histogram of a target image.

n  Number of bins

The intersection of two fuzzy sets High and
Low has the triangular membership function.
Applying a binary operation on the unit
interval function [0, 1].

The shaded area from the intersection
between the test histogram and the triangular
membership

function is the py, or y, show in fig.3, and then
apply the fuzzy rule base for ;, and y, values.
Itis cleared from fig.3, that p;, > ;. So that
the image histogram belong to high and the

tumor is malignant.
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Random FM forLow

Random FM for Eigh

Shadod Asea (1 1)

| JESCIU)

Fig.3 the histogram matching between the
test histogram and fuzzy membership

3.3.3 Fuzzy Rule base

The proposed rule base for fuzzy system is

shown in fig.4.



HHigh

Qutput
is Benign

YES

Output
is Malignant

Fig.4 Flow chart of the proposed fuzzy rule

3.4 Genetic Algorithm

The proposed GFS (Genetic Fuzzy System) is a
fuzzy system classifier improved by a genetic
algorithm. In the proposed genetic algorithm,
the parameters (a, b, c) for each fuzzy
membership are optimized such that the
classification accuracy is as maximum as
possible [22]. The fitness function of the
proposed Genetic algorithm is the classification
accuracy that

could be calculated by equation (3).

AC = Tg+Tym
Tp+ Tym+Fp+ Fy
Where,

Tz Number of true benign.

Ty Number of true malignant.

Fg Number of false benign.

Fy Number of false malignant.

The parameters (a, b, ¢) defining the fuzzy
membership functions are defined as a
chromosome in the optimisation process as
shown in fig.5. A group of chromosomes (a
population) is created at random. A simulation
evaluates the fitness of each chromosome.
Then, based on the results of the simulation, the
population evolves through three genetic
operations: selection, crossover and mutation.
The phase of assessment-evolution is repeated
until a condition is reached. The false positive
error rates and false negative error rates are used
to determine the fitness of a chromosome when
improving the fuzzy system used for

* 100 3)

classification.

Fuzzy System

XXX

S

Fitness Evaluation

{abeclug {(abe)iow

-~

Genetic Operation

o

Fig.5 Fuzzy system optimization by
combining a genetic algorithm

4. RESULTS

This section presents in details the simulation
of the proposed methods that carried out on
the BRATS2013 dataset. The proposed
method is implemented in MATLAB R2016a
and executed in a PC with AMB A8 -5545M
APU processor with 1.70 GHz speed and 8
GB of RAM.

4.1 Results of proposed image processing

4.1.1 FCM segmentation based on
OTSU's thresholding

In this stage, there are two sub-steps are

Otsu's

thresholding method and FCM segmentation.

The obtained FCM parameters are shown in

Table 1.

Table 1 FCM system parameters

Max. No. of iteration limited t0100
Min. improvement le-5 is an optional limit.
No. of clusters 3

4.1.2 Otsu's thresholding
Firstly, Original image is converted into gray
scale image. Fig.6 shows both of the original
images and enhanced one.

a) Original Image
Image
Fig.6 a. Original, b. Enhanced Image

b) Enhanced

Matching Error



4.2 Image Histogram for the segmented Table 2 shows the histogram for each MRI
image image and its type.

Table 2 the segmented images and image histogram.

Segmented images Image type Histogram of the image

Malignant

Benign |

Malignant TV

Benign F

4.1.3 Fuzzy c-means clustering

Otsu,lewvel=0.27 0588

The FCM algorithm gives the best results.It
divides the input image into 3 clusters and
calculates the center for each cluster 3 Levels
are: {0.2843, 0.1605, 0.5237}. Fig.7 shows the EEm——
result from FCM segmentation and the tumor )
region.

FCM1 bewvel=0. 502 500

Fig.7 the result of the proposed 3 class
thresholding FCM Segmentation.
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In this study, the counts and pixels value
(ranges) for each histogram are the input for
the classification stage.

4.3 Genetic Algorithm

GA is used to get the optimal fitness value
and get higher accuracy value. The
parameters of the proposed Genetic fuzzy
system are shown in Table3.

Table 3.The proposed genetic

Parameters
No. of genes 6
No. of Chromosomes 100
Crossover probability 0.6
mutation Probability 0.01
stopping crite 30

Table 4 shows the best parameters for TFN
(triangular fuzzy numbers).

The proposed classification method using fuzzy
logic and genetic algorithm is achieved
accuracy 99.9%.

Table4. The results from Genetic Fuzzy system

Parameters A B c
High 70 75 80
Low 88 93 98

5. Conclusion

The proposed system is performed on different
MRI images without manual intervention. It
achieves better results compared to other
methods. The pre-processing and FCM
segmentation are used to enhance the image and
to separate the interested region ( Tumor region)
from the normal tissues GM, WM and CSF.
Then calculates the histogram for each
segmented image. Finally, the classification
stage is implemented with fuzzy-genetic
system. The proposed hybrid method achieved
higher accuracy than the other methods such as:
Support vector machine (SVM), artificial neural
networks (ANN), and Naive Bayes. The
classification accuracy obtained for this system
i5 99.9 %.
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Abstract: Fire in buildings is nearly always man- made, i.e. resulting from negligence or error, which
can cause immense damage in terms of lives and property [1]. But when we deal with nuclear
constructions (like nuclear power plants NPP), the dangers of fire do not stop only at the potential
damage that the concrete structure is exposed to, but rather extends to the risk of a radiation leak that
may cause serious damage to the human life and all living creatures. For this reason, designers of
nuclear constructions (which are mostly reinforced concrete) give special attention for making the
concrete structure capable of resisting the effects of fire or thermal leakage, as well as having a high
ability to resist all types of radiation (specially gamma ray radiation). On the other hand, incorporation
of nano additives into concrete structures components become a promising field of research these
days. The current study tries to investigate the effect of using different nano materials (Nano silica,
Nanoclay, and hybrid mix of both materials) as a cement replacement into the concrete radiation
resistance ability (in the term of linear attenuation coefficient ). Results showed remarkable
enhancement on the values of p at all temperature degrees. For the conduct of reliable estimate and
prediction of the values W, this study adopts the fuzzy logic models as powerful tools of artificial
intelligence to model the non-linear cause and effect relationships. Prediction results was superior
when compared with traditional linear regression analysis.

Key Words: Nanoparticles, linear attenuation coefficient, Fuzzy logic models, Artificial intelligence.
1.Introduction technologies. Nanosilica, Nanoclay, Nano
Concrete is widely used as a construction  carbon tubes, and many other Nanomaterials
material due to its different advantages, such as  were investigated for application in concrete
the high strength, workability, and durability  industry. On the other hand, there is a problem
properties (corrosion, fire, and radiation  that scientists and engineers always face when
resistance ability). As a result of these  dealing with concrete, which is the inability to
advantages, concrete is the basic and most  predict its behavior due to the large humber of
important material in the process of building  variables that control the results of any
nuclear power plants NPP. Usually heavy weight ~ characteristic of concrete such as compressive
concrete is the most popular concrete type touse  strength, residual strength after fire exposure, or
in the construction of NPP due to its high ability ~ radiation shielding ability. Hence the idea of
to resist radiation compared to the other types of  using artificial intelligence applications to
concrete. However, this advantage can be  overcome these obstacles has come. Fuzzy
achieved by using ordinary concrete supported Logic Systems FLS which considered as a strong
by some additives that enable it to reach a high  tool of artificial intelligence techniques were
capacity, whether in resistance to fire or  used for the conduct of reliable estimate of the
radiation. Nanotechnology opened a world of = complex nonlinear behaviour of concrete
modern materials with unique characteristics =~ gamma ray linear attenuation coefficient p after
that made it represents a scientific revolution in ~ fire exposure. The Fuzzy system modelling
the world of building materials technology and  approach is simpler and more direct than
all branches of science and manufacturing  traditional statistical methods, particularly when
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modelling nonlinear multivariate
interrelationships. Artificial Intelligent-based
modelling techniques like Fuzzy system models
have been utilized to approximate non-linear and
complex behaviour for various properties of
construction materials. [2]. A general fuzzy
system is presented in Figure (1). According to
Figure (1), the system has basically four
components: fuzzification, fuzzy rule base,
fuzzy output engine, and defuzzification [3].
Fuzzification converts each piece of input data
to degrees of membership by a lookup in one or
more several membership functions. Fuzzy rule
base contains rules that include all possible
fuzzy relation between inputs and outputs. These
rules are expressed in the IF-THEN The key
idea in fuzzy logic, in fact, is the allowance of
partial belongings of any object to different
subsets of a universal set instead of belonging to
asingle set completely. Partial belonging to a set
can be described numerically by a membership
function, which assumes values between 0 and 1
inclusive. Intuition, inference, rank ordering,
angular fuzzy sets, neural networks, genetic
algorithms, and inductive reasoning can be,
among many, ways to assign membership values
or functions to fuzzy variables. Fuzzy
membership functions may take many forms, but
in practical applications, simple linear functions,
such as triangular ones, are preferable. In the
current FLS model, different conditions from
temperature degree, nanoparticles type, and
replacement ratios are represented major data
inputs, while the predicted value of u after fire
exposure represent the model output.

Fuzzy Base Rule

Input Data
——)

Fuzzification Defuzzification

Fuzzy Output Engine

Figure (1) The fuzzy logic modelling process.

Output
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2.The aim of study

In the current study, the experimental work
focused on the effects of adding Nanosilica,
Nanoclay, and hybrid mix of the two materials
into normal concrete composition in order to
improve its ability to resist radiation and high
temperature. In another words, the current
investigation aims to explore the ability of
normal strength concrete supported with
Nanoadditives to replace the heavy concrete as a
construction material in the structures exposed
to radiation and high temperature effects. There
are different methods to detects the ability of
different materials to resist radiation. In that
study, linear attenuation coefficient calculated
from Beer lambert equation was adopted to
determine the ability of the different concrete
mixes to absorb the gamma ray radiation. Beer
lambert formulate the general law to calculate
the value of linear attenuation coefficient: u =

%ln (?) ,where p is the linear attenuation

coefficient, t is the thickness of the shield
material, 10 represent the initial intensity of
gamma rays emits from the radiation source
without using the shield material, and I represent
the final intensity of gamma rays emits from the
radiation source after using the shield material.
The higher the value of the linear attenuation
coefficient is, the higher the material's ability to
resist radiation. Moreover, the current study
adopted Fuzzy Logic Systems models as a strong
Artificial Intelligence tool in order to develop
smart prediction model of the value of gamma
ray linear attenuation coefficient 1 at different
conditions of temperature degrees, Nano
addition type, and Nano addition proportion.

To assure and verify the high prediction
accuracy of the developed Fuzzy Logic model,
prediction results were compared to the results
of linear regression analysis. Regression
analysis is a set of statistical processes for
estimating the relationships among variables [4].
It includes many techniques for modeling and
analysing several variables, when the focus is on
the relationship between a dependent variable
and one or more variables. Regression analysis
is widely used for prediction and forecasting,
where its use has substantial overlap with the



field of machine learning. Regression analysis is
also used to understand which among the
independent variables are related to the
dependent variable, and to explore the forms of
these relationships. The performance of
regression analysis methods in practice depends
on the form of the data generating process, and
how it relates to the regression approach being
used [5].

In addition to the verification process of the
proposed FLS model, sensitivity analysis of the
model variables was performed. Sensitivity
analysis (SA) usually used to determine which
subset of input factors accounts for most of the
output variance and in what percentage.
Sensitivity Analysis can be explained as how
much the model response is influenced by
changes in the model input parameters [6]. To
assess the impact of each of the key four input
parameters on gamma ray linear attenuation
coefficient, a Sensitivity Analysis was
performed using Statistical Package for the
Social Sciences software (SPSS).

3. Experimental work

Recently, many of Pozzolanic materials with
particles in nano size available in the local
market were proposed to be used in enhancing
the properties of cementitious mixes (cement
pastes, cement mortar and concrete). Nano
silica(NS) and Nano clay (NC) are the two
nanomaterials widely used in concrete
construction sector. Also, some previous studies
proposed using the hybrid of them for the same
purpose. To achieve the targets of the current
research, the experimental program was
designed to cover a wide range of variables
changing in order to provide sufficient amount
of data to build up the FLS model. At concrete
curing age of 28 days, specimens of different
mixes were tested to calculate the gamma ray
linear attenuation coefficient values at room
conditions, and with different temperatures
(200°C, 400°C, 600°C, 800°C), and exposure
time of two hours. The results of p of 65 cubic
specimens of 10x10x10 cm represents the input
data of the Fuzzy Logic prediction model. All
used materials description, mixes proportions,
and tests criteria and results are provided in the
following sections.
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3.1 used materials

3.1.1 cement

In this study, CEM | 42.5 N. Testing of cement
was carried out as the Egyptian Standard
Specifications ESS 4756-1/2009 [7], with
specific gravity of 3.15. The properties of the
used cement are shown in Table (1).

Table (1) properties of the used cement.

Property Value ESS Limits
Spec[flc 315 | e
gravity
IS t'.me 198 > 60 min

(min)

FS time 256 < 600 min
Fineness % 7% <10 %
Soundness 3 <10 mm

(mm)

The chemical composition of used cement
shown in Table (2).
Table (2) Chemical Composition of cement

Oxide Composition CEMI By

Mass %
Silicon dioxide (SiO2) 20.24
Aluminum oxide (Al203) 6.09
Ferric oxide (Fe203) 3.38
Calcium oxide (CaO) 62.65
Magnesium oxide (MgO) 2.03
Sulphur trioxide (SO3) 2.24
Potassium oxide (K20) 0.87

Titanium dioxide (TiO2) _

Sodium oxide (Na20) 0.78
Loss on Ignition 1.68

3.1.2 Fine Aggregate

Fine aggregate used in concrete cubes mixing
are natural clean siliceous sand with specific
gravity of 2.64. The physical properties of sand
including specific weight, bulk density, and
percentage of silt and fine impurities are shown
in Table (3).

Table (3) Physical properties of fine

aggregate

Siliceous
Sand

Test Limits




Specific
Gravity
Bulk Density
(t/m3)
Fineness
Modulus
Materials
Finer than
200 Sieve
(No.%)

2.65

1.70

2.92

Less than

2.6 30

Sieve analysis of the used fine aggregate
illustrated in Table 4. All values lie within the
range of fine grading zone according to the
classification of the Egyptian code of practice
for design of concrete structures [8], and the
requirement of ESS 1109/2002 [9].

Table (4) Sieve analysis of fine aggregates

Sieve Size (mm) % Passing
4.75 95.2
2.8 91.6
14 77.3
0.71 57.2
0.355 13.8
0.177 1.9

3.1.3 Coarse Aggregate

Coarse aggregate used at this experimental study
was local crushed limestone (dolomite) with a
specific gravity of 2.66, bulk unit weight of 1618
Kg/m3, void percentage 39.2%, fineness
modulus of 6.35, according to the requirement of
ESS 1109/2002 [9].

3.1.4 Water

Tap water was used for both mixing and curing
the test specimens according to the requirement
of the (ECP 203-2007) [8].

3.1.5 Nano Silica

In this study amorphous Nanosilica (SiO2) with
particle size ranged from 15-80 nm was used in
preparation of the Nanosilica blended concrete
specimens. The Nanosilica used is powder type,
Colorless (White), and with average density 2.2
- 2.6 g/mL at 25 °C as shown in Figure (2).
Transmission Electron Microscope (TEM)
micrograph of Nanosilica used in this study are
shown in Figure (3).
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Figure (2) Nano silica used in this research

wor

rw

Figure (3) TEM micrograph for the Na
silica.

Table (5) Chemical Composition of Nano
silica

Composition % of mass
Si02 99.86
Al203 0.02
CaO 0.03
Fe203 0.01
TiO2 0.01
Loss on Ignition 0.05

3.1.6 Nanoclay
The Nano-clay used in this work is Nano
Metakaolin which produced from heat treatment



of kaolin. This heat treatment, at about 900 °C,
and (5) respectively. Breaks down the structure
of kaolin such that the alumina and silica layers
become puckered and lose their long-term order,
producing Nano Metakaolin MK. The Nano-
clay used is powder with (off white) color, and
with average density of 0.6 — 0.8 gm/cm3 at 25
°C. The appearance of a sample of Nanoclay
used for this research study and its TEM
micrograph are shown in Figures (4)

& 10.36nm

200 nm

Figure (5) TEM micrograph of for Nano clay
particles

Table (6) Chemical Composition of Nano
clay

Composition % of mass
Sio2 51.52
Al203 40.18
CaO 2.00
Fe203 1.23
Tio2 2.27
Loss on Ignition 2.01

3.1.7 Hybrid Nano silica - Nano clay

Hybrid Nano silica — Nano clay is a composition
resulting from mixing the two Nanomaterials to
obtain improved characteristics as compared to
those relevant to each individual component.
Previous studies have shown that Nanosilica is
more amorphous than Nanoclay so, it has more
contribution in increasing of the C-S-H gel
during the hydration process of cement [10]. On
the other hand, other previous researches have
indicated that Nanoclay acts as a filler material
having better effect than Nanosilica in
decreasing the voids and producing denser
concrete [11]. Accordingly, a hybrid mix of
(NS+NC) may contribute positively in
producing denser, stronger, and less voids
concrete. These characteristics may have a good
effect on the values of gamma ray linear
attenuation coefficient .

3.1.8 Chemical Admixture

One type of chemical admixtures was used. A
superplasticizer based on a modified
polycarboxylic ether was employed to obtain a
satisfactory workability for the mixes and
accelerates the cement hydration. A commercial
superplasticizer (GLENIUM ACE 30) produced
by chemicals company (BASF) in Egypt was
used at all mixes with fixed proportion by 2.77%
by weight of water as recommended percentage
by the manufacturer was 1-3%.

3.2 Mixing properties

To achieve the objectives of this work, three
groups with a total numbers of 12 concrete mixes
in addition to control mix were prepared and
investigated. The first group was designed using
different ratios of Nanoclay as a cement
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replacement with percentages 1, 3,5, 7,9 %. The
second group with different ratios of Nanosilica
as a cement replacement with percentages 1, 2,
3, and 4%. The third group with hybrid mix
between Nano silica and Nano clay using
different ratio, and to answer about the question
why that hybrid mix was investigated, the
answer is related about characteristics of each
material. Previous studies showed that Nano
silica is more amorphous than the Nano clay,
which means that Nano silica is very effective
and contribute in increasing of the C-S-H gel
during the hydration process of cement [12].
However, Nano clay can be classified as filler
material that help in making concrete dense and

durable by decreasing voids ratio [13]. Thence,
design combination between Nano silica and
Nano clay can make a moderate area between the
two materials. Fixed proportion with five liters
for each one cubic meters of concrete of
chemical additive of Superplasticizer was used
to obtain a satisfactory workability for the mixes
and accelerates the cement hydration. Constant
contents of cement, water, and aggregate, in all
concrete mixes, were contemplated to achieve
comparable results that reflect the effect of
adding different levels of Nanoparticles.The
compositions of the concrete mixtures are shown
in Table (7).

Table (7) The mixes design

° : Symb | Cement Aggregate Water Nano Nano
c g Mix ol (ko) (kg) _ (Iit) Silica Clay
© > g coarse | fine (kg) (kg)
control 1 ‘Mo | 400 | 1170 | 656 | 180 | — | -
. 1%NC M1 396 1170 656 180 ---- 4
2 3%NC M2 388 1170 656 180 - 12
g’ 5%NC M3 380 1170 656 180 ---- 20
(‘5 7%NC M4 372 1170 656 180 --—- 28
9%NC M5 360 1170 656 180 --—- 36
> 1%NS M6 396 1170 656 180 4 —
= 2%NS M7 392 1170 656 180 8 —
o 3%NS M8 388 1170 656 180 12 ----
O 4%NS M9 384 1170 656 180 16 ----
0.5% NS +
- 45% NC M10 380 1170 656 180 2 18
~ 1% NS +
%. 4% NC M11 380 1170 656 180 4 16
6 1.5% NS
+ M12 380 1170 656 180 6 14
3.5% NC

3.3 Measuring of linear attenuation
coefficient p

Firstly, it’s worth mentioning that the current
experimental work represents an extension to
previous experiments were performed with the
same conditions of materials proportions,
temperature degrees, and fire exposure times in
order to investigate the positive effects of adding
the same nano additives on the value of residual
compressive strength of normal strength
concrete after fire exposure [1]. At 28 days age,
results showed that Nano clay gives the optimum

improvement compressive strength in room
conditions at 5% replacement of cement ratio
with 17.1% improvement ration, followed by the
hybrid mix at (1%NS + 4% NC) with 15%
improvement ratio, and Nano silica at 2% with
11% improvement ratio. After fire exposure,
The optimum additives ratios for the most of
temperature degrees were5% for Nano clay, (1%
+ 4%) for the hybrid mix., and 3% for Nano
silica. The values of concrete residual
compressive strength can give us general view
to predict the direction of the expected pvalues.

181



In the previous experiments [1], six target
temperatures (200°C, 400°C, 500°C, 600°C,
700°C, and 800°C) were chosen, besides
ambient temperature, to capture the effect of
elevated temperature on compressive strength of
concrete specimens for exposure times of (60-
120) minutes with total number of 156
specimens. While the total number of the cubic
specimens in the current study was minimized
by excluding the temperatures degrees of
(500°C, 700°C), and the exposure time of (60
minutes) with total number of 65 specimens. The
reason of minimizing the total specimens
number is to verify the power of the Fuzzy Logic
model to achieve high prediction accuracy with
lower available amount of data. The furnace
used to simulate the conditions of actual fire
exposure is a natural gas furnace, equipped with
two net of gas burners, each network contains
twenty-one of the gas burners with dimensions
of (4001300 mm) up to the target temperatures.
The outer dimensions of the furnace are
150x120x80 cm while, the inner dimensions are
140%110%x70 cm. The flame was intended to
simulate the heating conditions in an actual fire.
The concrete specimens were burnt by direct fire
flame as shown in Figure (6). Control valves and
thermocouples were utilized to control and
measure the inside temperature during the firing
process. The digital thermometer continuously
recorded the temperature as shown in Figure (7).

1 s

o

Figure (6) Burning of Concrete specimens
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Figure (7) The digital Thermometer

As previously stated, Beer Lambert equation
was used to calculate 1 values before and after
fire exposure using gamma ray radiation source
of Co-60 (1173 keV). The transmitted gamma
ray intensity was measured using a gamma-ray
spectrometer with Nal detector. Figure (8)
illustrates the used technique to detect the
concrete shield ability to absorb and resist
gamma ray radiation. Firstly, the initial intensity
of gamma rays lo was measured without using
the cubic 10x10x10 cm concrete shield. Then the
different nano concrete shields were put to
oppose the way of gamma rays and the intensity
of radiation was recalculated I.

Nal Detector

Lead Block

concrete cube

silt 10 mm

Gamma Ray Source

Figure (8) Measuring of p for different
Nano-concretes
4. Result and Discussion
4.1 linear attenuation coefficient values
By substituting the measured values of | and lo
in Lambert equation, p values were calculated as
reported in table (8). Results showing obvious



improvement in p values for the different nano-
concrete specimens, (shaded cells values will be
used for prediction process using Fuzzy Logic
Systems model later). At the conditions of room
temperature, improvement ratios of
(15.8%,14.3%, and 14.3%) were recorded
comparing with the control mix for the optimum

nano replacement ratios at 5% NC, 3%NS, and
(1%+4%) for the hybrid mix. For the different
temperature degrees, the improvement ratios
varies according to the different mixes and
temperatures as illustrated in figure (9) for the
optimum replacement proportions.

Table (8) Linear attenuation coefficient p results after 2 hour burning.

28 days/2h Nano silica (NS)% Hybrid (NS +
ays r ano silica (]
y x Nano clay (NC)% NC)%
E 05 15
o
Property | £ 1 3 5 7 9 1 2 3 4 + | 144 | +
S 45 35
25 1013|014 01|02 ]01]01|01]01]01]01]01]|01]01
oc | 3 2 | 47 | 54 | 48 | 44 | 39 | 47 | 52 | 49 | 50 | 52 | 48
200 1012 | 013 | 01| 01|01 01]01]01]01|01]|01]01]01
. c | 9 9 | 43 | 49 | 43 | 40 | 35 | 42 | 46 | 44 | 46 | 49 | 45
€ |40 011|013 |01 |01 |o01]|01]01]o01|0L|0L]0l]01]01
G oc | 7 0 | 33|30 |3 | 32|25 |3 |37 | 33| 3 | 38| 36
=
600 | 010 | 011 | 01|01 |01 ]01]01]01|01]01]01]01]01
c | 8 8 | 22 | 290 | 25 | 23 | 17 | 21 | 26 | 22 | 24 | 27 | 23
800 1 009 | 010 01|01 |01]01]|00|01]01|01]01]01]021
°c | 6 5 | 09 | 14 | 12 | 07 | 99 | 04 | 10 | 06 | 07 | 1 | o8

25.00
20.00
15.00
10.00

5.00 II II

250C 200 oC

0.00

M improvement ratio

400 oC 600 oC 800 oC

Temperature degree

B 5%NC  m3%N5

1%NS+4%NC

Figure (9) p improvement ratios according to optimum replacement values.

It’s remarkable that Nanoclay is the most
effective nano material for all temperature
degrees in linear attenuation coefficient
improving. This can be explained by nature of

Nanoclay that acts as a filler material which
contribute to make the concrete shield denser
and with less voids. This property enables the
concrete shield to be more effective in resisting
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the radioactive waves such as gamma ray
radiation. On the other hand, Nanosilica
particles also have positive effect in p
improving. They act as a supplementary
cementitious material and contribute in
additional hydration activity and denser
concrete. The hybrid mix effect lies in a
moderate area between Nanosilica and
Nanosilica.

4.2 Visual observations of concrete samples
after burning

The following figures (10), (11), and (12) show
the effect of fire exposure on concrete specimens
at different temperature degrees. After two-
hours exposure, for all Nanoadditives specimens
there was a little visible effect on the surface of
heated specimens up to 400 °C. Small cracks and
partial spalling were when the temperature
reached 600 °C. It was observed that the
aggregates decomposed and lost their integrity
as the temperature reached 800 °C.

Figure (11) Nano clay specimen at 600 °C

Flgure (12) Hybrld mix specimen at 800 °C
5.Fuzzy Logic Systems model
5.1 Fuzzy model structure

In 1965, Lotfi Zadeh developed the Fuzzy set
theory in order to deal with the imprecision and
uncertainty that is often present in real world
applications [14]. As previously mentioned, the
general fuzzy Logic systems (FLS) consists of
four components: fuzzification, fuzzy rule base,
fuzzy output engine and defuzzification, while,
input and output data can be added [15] as
illustrated in Figure (13). The fuzzification
process role is to convert the input data into
different degrees of membership by a lookup in
one or more several membership functions
(simple linear functions, such as gauss or
triangular ones, are preferable) [16,17]. All of
the proposed membership functions in this study
consist of three inputs (Nanoadditives type,
Nanoadditives proportions, and Temperature
degree). and one output (linear attenuation
coefficient ). The membership function plots of
input variables used in the training process are
shown in Figure (14). Fuzzy rule base contains
rules that include all possible fuzzy relation
between inputs and outputs. These rules are
expressed in the IF-THEN format [18]. Fuzzy
output engine considers all the fuzzy rules in the
fuzzy rule base and learns how to transform a set
of inputs to corresponding outputs. The final
step of defuzzification converts the resulting
fuzzy outputs from the fuzzy output engine to a
number [3].
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Figure (14) Block diagram of input variables used in the training process

5.2 Simulation of FLS model and regression
analysis.

Parameter prediction is determination of aimed
values response to evident input values of
constituted model. For this aim, in the study 65
data of experiment results as reported in table (6)
were used in the processes of fuzzy inference
model in FLS. Five specimens results (shaded
cells in table6) were omitted for use in the
prediction process. Simulation and prediction
results using FLS found to be very strong when
compared to traditional linear regression
analysis. The technique of regression depends
on making the best fitting line through a big
number of results, that line can represent the
overall direction of results, and then the equation
of the line can be concluded. Employing data of
the
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60specimens, the main deliverable of SPSS was
the following empirical formula:

p = 0.14501 -5.16158E-05 X1 + 0.0011218 X2
+0.002068X3

Where: X1 represents temperature degree, X2
Nano clay ratio, and X3 represents Nano silica
ratio. Table (9) showing all the expected p
values using FLS and linear regression analysis.

Table (9) Comparison of L experimental data
with FLS models and regression analysis results

Experimental FLS Regression
analysis
0.133 0.135775107 | 0.143721726
Experimental FLS Regression
analysis
0.142 0.139001882 | 0.144843481
0.147 0.148071115 | 0.147086992
0.148 0.148063173 | 0.151574013
0.144 0.144245546 | 0.153817523
0.129 0.13084309 | 0.134688969
0.139 0.135002404 | 0.135810724




0.143 0.144172562 | 0.138054235
0.149 0.147760299 | 0.140297745
0.143 0.143594524 | 0.142541255
0.14 0.139673978 | 0.144784766
0.13 0.130243557 | 0.125487573
0.133 0.134322911 | 0.127731083
0.139 0.13893175 | 0.129974594
0.135 0.13705421 | 0.132218104
0.132 0.130651658 | 0.134461615
0.108 0.109647911 | 0.114042667
0.118 0.115708399 | 0.115164422
0.122 0.121919495 | 0.117407932
0.129 0.126587627 | 0.119651443
0.125 0.125480474 | 0.121894953
0.123 0.123126964 | 0.124138464
0.096 0.097556773 | 0.103719515
0.105 0.102174357 | 0.104841271
0.109 0.110682533 | 0.107084781
0.114 0.115335945 | 0.109328292
0.111 0.110463834 | 0.111571802
0.107 0.107132199 | 0.113815313
0.139 0.138935012 | 0.145790038
0.147 0.146755344 | 0.14785835
0.152 0.152296086 | 0.149926662
0.135 0.134941171 | 0.136757281
0.142 0.142093659 | 0.138825593
0.146 0.145277179 | 0.140893905
0.144 0.144800361 | 0.142962217
0.132 0.13298104 | 0.128502442
0.137 0.136293298 | 0.130570754
0.133 0.133781505 | 0.132639066
0.117 0.117112715 | 0.116110979
0.121 0.119121733 | 0.118179291
0.126 0.126589916 | 0.120247603
0.122 0.12172182 | 0.122315915
0.099 0.098768561 | 0.105787828
0.104 0.105030298 | 0.10785614
0.11 0.109495221 | 0.109924452
0.106 0.106441192 | 0.111992764
0.15 0.150564617 | 0.153590008
0.152 0.151065844 | 0.15311673
0.148 0.148349911 | 0.152643451
0.146 0.146528711 | 0.144557251
0.149 0.146789877 | 0.144083972
Experimental FLS Regression
analysis

0.145 0.146379401 | 0.143610694
0.135 0.134990627 | 0.1342341

0.138 0.136833486 | 0.133760821
0.136 0.136903905 | 0.133287543
0.124 0.124082305 | 0.123910949
0.123 0.122985318 | 0.122964392

186

0.107 0.107372137 | 0.113587798
0.11 0.108793115 | 0.113114519
0.108 0.108693061 | 0.112641241

To assess the goodness -of-fit of the developed
formula, the coefficient of determination (R"2)
and the standard error of estimate are the most
widely used statistics for this purpose. In this
analysis, (R"2) associated with the equation
fitted is equal to (0.909) as shown in figure (15).
While (R"2) value for the FLS found to be
(0.993) which represents an extremely accurate
and superior value as shown in figure (16).

RA2 =0.909

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

U from regression analysis

0 005 01 015 02
Linear attenuation coefficient p

Figure (15) Regression Plot for the predicted
values of p using the developed empirical

formula.
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“5_ 0

0 0.05 0.1 0.15 0.2

Linear attenuation coefficient B

Figure (16) Regression Plot for the predicted
values of p using FLS



5.3 prediction process using FLS.

Data of 5 specimens randomly selected, as
shaded in table (6), were reserved so that they
are employed to assess and verify the proposed
model. Using data (values of input variables and
the corresponding experimental results of p) of
the 5 reserved specimens, the proposed FLS
model is assessed for its efficiency in accurately
simulating the linear attenuation coefficient ()
after fire exposure. In other words, the
developed FLS model is assessed by comparing
experimental results and simulated (predicted)
values with one another for 5 specimens
reserved to this end. The results of the
comparison provided in table (10) showing
strong accuracy and high efficiency.

Table (10) Simulation results for the reserved five

5.4 Sensitivity Analysis

Sensitivity Analysis (SA) can be explained as
how much the model response is influenced by
changes in the model input parameters [19].
Generally, the accuracy of the outputs prediction
is highly dependent on the number of input
variables. In other words, the more the number
of input parameters are, the more accurate the
results of the predictor models would be [6].
Results of Sensitivity Analysis are summarized
in table (11) and figure (17). Results show that
temperature degree has the most impact on . In
addition, p is influenced by levels of Nanoclay
more than those of Nano silica.

Table (11) Independent Variable Importance for
RCS prediction model

specimens for Y prediction model. Variable Temperature NC NS
Sample 1 2 3 4 5 Importance .763 137 1
Temperat Normalized
ure degree 25 | 400 | 25 | 400 | 600 Importance 100.0% 179% | 13.1%

NC (%) 5 o] ol o 1

NS (%) 0 0 4 1 4

ex et’limen 0.15 | 0.11 | 0.14 | 0.12 | 0.12

] 4 | 7T |9 | 5 |7

tal results

preFdLicSted 015 | 0.11 | 0.14 | 0.12 | 0.12
2 6 8 8 7

values

Mormalized Importance

02 202 1076
1 1

B0%% S0% 10026
1 1

Temperature—|

rc—

rNs—

T T U
(=] oz (=1 0.6 o.s

Importance

Figure (17) Relative importance of input parameters
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5. Conclusion

According to the results of both the experimental
investigation and the developed Fuzzy Logic
systems model, the following points could be
concluded:

1- Nanomaterials used in this study (Nanoclay,
Nanosilica, and hybrid mix of both) lead to
obvious improvement in linear attenuation
coefficient values for the different concrete
mixes either at room temperature conditions or
after elevated temperature exposure.

2- Improvement rates in linear attenuation
coefficient values are influenced by type and
proportion of Nanomaterials used in this study.
3- After two hours of fire exposure at 800°C, u
value of the control mix was reduced by 27.82%.
The addition of 5% NC could reduce that ratio to
the level of 14.28%, while improvement ratios
of (15.8%,14.3%, and 14.3%) were recorded
comparing with the control mix for the optimum
nano replacement ratios at 5% NC, 3%NS, and
(1%+4%) for the hybrid mix.

4- Linear attenuation coefficient values are
influenced by levels of Nanoclay more than
those of Nanosilica according to sensitivity
analysis results.

5-In general, complex nonlinear behavior of
concrete can be effectively processed using
Fuzzy Logic Systems model, while the current
study verified the high accuracy of FLS in p
values simulation before and after fire exposure.
6- Statistical technique of regression analysis
was performed in order formulate mathematical
prediction equation of p values with acceptable
regression value of 0.909.

7- Prediction results provided by simulation of
linear attenuation coefficient values using the
developed FLS model is found superior
compared with regression analysis.
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Abstract

The optimal sizing of a hybrid energy system may be a difficult undertaking problem, because of the
huge number of structure settings and the irregular nature of solar radiation and wind power sources.
This issue has a place with the classification of combinatorial enhancement, and its solution dependent
on the classical technique may be a waste of time. This paper proposes a Genetic Algorithm (GA)
methodology to find the optimal sizing of a hybrid Photovoltaic, Wind Turbine, Battery Storage, and
Diesel Generators (PV/WT/BA/DG) energy system based on the number of PV modules, the number
of wind turbines, the number of batteries, the number of diesel generators, the slope angle of PV panel
and a hub height of wind turbine as the design parameters and study its effect on the Levelized Cost
of Energy (LCOE). The proposed method aims to minimize the LCOE with high reliability of load
supplying by increasing the design variables gradually. The proposed method will be tested at
different sites with various metrological data to ensure its robustness. The results show that the LCOE
decreases as the design parameters increase, also that the average wind-speed is inversely proportional
to the LCOE of the site under study.

Keywords: Genetic algorithm, hybrid system, Renewable energy, Optimization.

Symbols
Solar declination angle hy  Diesel total operation hours
a Solar elevation angle H,, Wind turbine hub height
o Azimuth angle i interest rate
) Location latitude I Solar insulation at  standard
0 conditions

w Hour angle N project lifetime

Panel surface tilt angle nn Day Julian number.
€ Roughness ingredient factor nb Battery lifetime
o Discharge rate. Ng Number of batteries
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Nac Charging efficiency
MBD Discharging efficiency
Cg Battery cost
Cg, Battery replacement cost
(o Diesel cost
Cqc Diesel capital cost
Cruel fuel cost
Cpve  Capital cost of PV
Coym  Maintenance cost of PV
Cyic Capital cost of wind turbine
Cwtm  Maintenance cost of wind turbine
Cpvw  Cost of PV/wind system
CRF  Capital recovery factor
Dy Hourly fuel consumption
Eg(t) The battery capacity kWh at time t
Eg Battery energy (Wh)
fi Derating factor
f Inflation rate

Np Number of diesel
Npy Number of PV panels
N,  Number of wind turbines
OMF  Operating and maintenance factor.
Pg Battery power (W)
P, Diesel rated power
Py, Diesel average output power
ps Fuel price per litter.
Pr Power rated of wind turbine
By PV module output power
S Solar insulation
SFF  Replacement factor
v wind speed.
V. Cut out speed
VH Wind speed at hub height H
VH, Wind speed at reference height H,.
/] cut in speed
v, Rated speed
Ypv Rated capacity of PV array

1. Introduction

Because of the huge consumption of fossil-fuel
resources globally, a critical quest for alternative
energy vitality should be presented, so
renewable energy resources have become an
interesting topic for the past two decades.
Renewable energy sources like solar and wind
can be defined as “vitality acquired from the
continuous or repetitive currents on energy
recurring in the natural environment” or as
“energy flows which are replenished at the same
rate as they are used”. Renewable power
generating systems are more reliable and
environmentally clean. This is the motivation
behind why sustainable assets are significant.
As the electricity demand is rapidly increasing,
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but conventional plants cannot supply the
electricity requested, hence renewable resources
can be utilized to overcome the gap between
supply and demand loads or they can be utilized
to supply electricity to remote areas where
conventional power generation is impractical.

The hybrid power generating systems, which
combine two or more sources, are cost- effective
compared to standalone systems. They can
supply the load with demand energy and also
minimize the size of the system components and
hence reduce the total capital cost. Attempts
have been made to optimize the size of the
hybrid PV-wind system. By the aid of Matlab
Simulink S. Kumar (2014) [1] presented a
design of a hybrid PV -wind generation system



considering the change of environmental
conditions such as solar irradiation and
temperature and tilt angle of the wind turbine,
also the maximum power point was tracked
using the Perturb and Observe method, but the
model had no control method on battery
charging. H. Yang, et al. (2008) [2] considered
more variable such that (number of PV modules,
number of wind turbines, PV modules' slope
angle, and wind turbines' installation height) and
used a genetic algorithm to find optimal sizing
method for a stand-alone hybrid solar-wind
system to achieve the customer demand Loss of
Power  Supply Probability (LPSP)with an
optimal annual cost. The proposed model
showed good performance and less cost than the
one system solution. Since the model depends on
statistical parameters, it needs to be redesigned
with the variation of those parameters.
Koutroulis, et al. (2006) [3] introduced a genetic
algorithm methodology as an optimization
method for modelling PV -wind systems, such
that the system cost was minimal over a 20-year
period with supplying a total demand of energy,
the proposed method showed that the hybrid
system offered a lower cost than using only PV
or a wind system. It also allowed selection
between various types of devices according to
the design parameters such that (number and
type of PV modules, number, and type of wind
turbines, the PV modules tilt angle, the
installation height of the wind turbines). I.
Tégani, et al. (2014) [4] applied a genetic
algorithm and a differential flatness approach,
based on a control strategy to a hybrid PV -wind
system for optimizing the proper number of units
such that the minimizing the cost over 20 years
as well as totally supplying the load demand.
The model was also simulated by the Matlab
environment. H. Belmili, et al. (2013) [5]
presented a computer program based on the
LPSP method for sizing an economical model
for a hybrid PV-Wind system considering the
load profile and the targeted site configuration,
the cost optimization was also discussed. Using
data collection taken at 10- second data rate,
Shadmand and M. Mehran (2017) [6] presented
an optimized hybrid PV -wind generation
system based on particle swarm optimization
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(PSO). The proposed method had a good result
on the reduction in total system cost. A Matlab
modelling for hybrid PV -wind system was
introduced by Kasera and Jai Kumar (2012) [7]
to provide continuous load supply. In order to
electrify the Sudan red sea coast by renewable
energy (PV/wind), M.Tasabeeh (2016) [8] used
Wasp pc-program for modelling and simulation
the system and she concluded that the best
solution was to use a wind system at height 80 m
with a backup solar energy system. Although the
hybrid system provides better performance and
cheaper cost compared to a PV or a WT system
alone, the combination between PV and WT still
has some drawbacks as compared to the
conventional  system. For instance, the
intermittency of wind speed and solar irradiation
may cause power fluctuations. However, it can
be solved by using a backup storage system such
as (batteries or fuel cells) or a backup source like
a diesel generator. Atia, Doaa M, et al. (2012)
[9] introduced a fuzzy logic controller for
modelling and monitoring the performance of
the hybrid PV -wind system with battery storage
by the aid of Matlab Simulink. The results
suggested a high performance for the proposed
system with the ability to consider the variation
of design parameters. R. N. S. R., Mukhtaruddin,
et al (2015) [10] used lIterative-Pareto-Fuzzy
(IPF) technique to obtain the best combination
of PV-Wind and battery storage system so that
the reliability was maximized with optimized
energy cost. While Liu, Xin, et al (2017) [11]
presented a self-adapted parameters fuzzy
controller beside genetic algorithms to optimize
the size of hybrid solar/wind power system with
battery storage economically to guarantee
minimum energy cost and high reliability.A
mathematical sizing model for the PV/wind/
battery storage power system was introduced by
Mustafa. Engin, (2013) [12] depending on the
hourly data -to choose the best sizing units in
terms of cost, the results contributed cost-
effective hybrid system structure with the lowest
Loss of Load Probability(LLP). Considering the
hourly solar radiation and hourly wind speed
data, Abdullahi. Masud, (2017) [13] applied
techno-economic analysis on a hybrid system for
supplying maximum power to the targeted site



with the minimum operation cost. The
probabilistic nature of the battery storage system
was also discussed. Ghorbani, Narges, et al
(2017) [14] applied Genetic Algorithm with
Particle Swarm Optimization(GA-PSO) and
Multi-Objective PSO (MOPSO) for The
optimization of hybrid PV/wind/battery
generation taking into consideration solar
irradiance and wind speed as changeable
parameters so that the power could be supplied
to the load continuously at a minimized energy
cost. The Hybrid Optimization of Multiple
Electric Renewables (HOMER) software's
results were compared with the proposed (GA-
PSO) and (MOPSO) model, and the results
showed the preference of PV/WT/BAT system
in compare to PV/BAT and WT/BAT systems.
Akbar. Maleki, (2015) [15] had studied different
algorithms  such  that Particle  Swarm
Optimization (PSO), Tabu Search (TS), and
Simulated Annealing (SA) for sizing a hybrid
PV/WT/BAT system. In order to supply the total
demand with high reliability and minimum Total
Annual Cost (TAC), LPSP technology was also
considered for more reliability. Ferrari, Lorenzo,
et al (2018) [16] presented a sizing strategy
based on the energy cost to design and optimize
the best combination of a hybrid PV/WT/ diesel
system, the model was applied on an isolated
mountain chalet in Italian Alps, and the results
suggested that the best configuration for a hybrid
system was a mix between the three sources. M.
Suresh & R. Meenakumari (2019) [17]
introduced an improved genetic algorithm for
the optimal design of a hybrid system. To
achieve the lowest cost, the renewable energy
fraction was increased and the fuel cost was
reduced. Therefore the PV/WT/BA system was
suggested to supply the load demand.

In this paper, GA is used to find the optimal
sizing of a hybrid PV/WT/BA/DG energy
system based on increasing the design
parameters as the number of PV modules, the
number of wind turbines, the number of
batteries, the number of diesel generators, the
slope angle of PV panels and a hub height of
wind turbines. The authors then investigate the
effect of these parameters on the Levelized cost
of energy. The proposed method aims to
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minimize the LCOE with high reliability of load
supplying. The proposed method has been tested
at different sites with various metrological data
to ensure its robustness.

2. System Modelling

Over the most recent years, the photovoltaic and
wind power generation has been increased
significantly. Fig.1 shows the configuration of a
hybrid system comprises of wind power source,
PV power source, DG, battery bank, charge
controller, converter, and actual load. The merit
of this configuration is not difficult to be
comprehended. The principle load is supplied
principally from the WT and PV. The surplus
power from the wind vitality framework as well
as the PV vitality framework over the load
request is stored in the battery bank until the
batteries are charged. On the off chance that the
battery storing is full, the surplus energy will be
utilized to supply certain uncommon burdens
(for example, loads for cooling and warming
purposes). At the point when the demand power
is more prominent than the produced power, the
deficit force will be compensated from the
batteries. When the battery energy is depleted
and the WT/PV system could not satisfy the load
need, DG is  powered [18].

AC Bus DC Bus

on

Ac PV Array

Battery
Charger
Y

pc

Main Load

Dummy
Load

Fig.1 Hybrid PV /Wind/Diesel/Battery system

2.1 Modelling of PV energy system

The total solar radiation on a tilted solar panel
consists of the sum of direct, diffused, and
reflected components of the radiation hitting the
panel surface. Only the direct component will



be considered in this study as the other
components participate with a very small
percentage and could be neglected. It has been
taken into account the effect of the panel tilt
angle on the pattern of radiation.

The calculation of solar power and solar
insulation S can be done using the following
equations [19]:

. 284+nn
§ = 23.45 x sin (360 x Z211) Q)
a=90°-0-6 )
cos @ = sin(@ — ) sin§ + cos(@ —
B) cos 8 cos w 3)

§ = 1353 x (1 +0.034 X c0s(360 X 7)) X
cos 6 x sin(a + )

@

Where: & is solar declination angle, « is solar
elevation angle, 6 is azimuth angle, @ is location
latitude, w is hour angle, B is panel surface tilt
angle, S (kw/m?) solar insulation, and nn is day
Julian number. The solar power capacity (kw)
could be then calculated using the equation [20]:

By

s
=XV Xf1 6
Where: P,, is solar power capacity (kw), ¥,y
rated capacity of PV array (kw), f1lis the
derating factor which represents dust,
temperature, and other losses, and I, (1 kw/m?)

is solar insulation at standard conditions.
2.2 Modelling of wind power

The output wind power depends strictly on the
wind speed distribution, and can be calculated
using the following formula [15]:

v3 — ;2 :
Pr*— 3 ifviSv<o,
Uy — Vi
P, = rprl v, <v<v, (6)
0 otherwise

Where: p, is power rated of the wind turbine, v;
is cut in speed, v, rated speed, v, cut out speed,
and v is wind speed.

The wind speed profile could be also improved
to consider the effect of hub height as follows
[13]:

G

0]

VH,
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Where vy and vy, refer to the wind speed at hub
height H and reference height H,, separately, and
€ is the roughness ingredient which ranges from
0.14 t0 0.25 [19].

2.3 Modelling of the battery storage system

The battery capacity could be calculated based
on the surplus power between the energy
generated from the PV/wind system and the load
demand [18]

Eg(t+ 1) = Eg(t)(1 — o) + surpluspower *

Charging mode (8)

NBc

Eg(t+ 1) = Eg(t)(1 — o) — deficit power/

NBD Discharging mode 9)

Where: Ep(t) is the battery capacity kwWh at
time t, ngcand ngp are the charging and
discharging efficiency, o is the discharge rate.

2.4 Modelling of diesel generator

The DG is the power source that supplies the
load in case of failure of power generation from
the PV/wind system and also the storage system
was depleted. The important decision parameter
in the design of DG is its fuel consumption,
which is assessed by Eq. (10) [21]:

Dy = 0.264 X Py, + 0.08145 X Py, (10)

Where: Dy is hourly fuel consumption, Py, and
P, are diesel average output power and rated
power respectively.

3. Proposed Genetic Algorithm for
system sizing

In 1975, Holland built up his ideas and thoughts
in his book "Adaptation in natural and artificial
systems ". He portrayed how to apply the
standards of natural selection to optimization
cases and fabricated the first Genetic Algorithms
[22]. GA is an adaptive tool to find the best
solution for an optimization problem. GA
consists of several procedures which will be
discussed briefly in the next subsections.

hybrid

Initialization: each individual of the population
is called a “chromosome” and the gene consists
of “genes “, the first step is to encode the
individuals of the population.



Selection: it is the phase where two parents are
selected from the population for crossing over
and produce the next generation.

Crossover: in this process, the chosen parents
combine to produce a child chromosome hoping
that it has better features.

Mutation: it is a background operator that works
on every single individual to prevent the loss of
the native genetic materials, also to ensure that a
poor solution would not be trapped as a better
one.

Replacement: when two parents combine, two
children are produced, but only two members
can be returned to the population, so two must
be replaced [22]. The flowchart in fig.2 shows
the structure of the GA optimization procedure

[23].

L L L L LK -

) ) | i 1* Generation ;
i) Mutation +—>
9 |
Hi—— !
! | Crossover | !
5! '
&) | | |

| | :

1| Reproduction | | Stopping

I P | B Criterion

Fitness Evaluation
&
Selection Solution

Fig.2 Structure of GA

3.1 Encoding of the proposed GA

The flowchart of the proposed method is
presented in Fig.3. The decision parameters
considered in the optimization process are
Npy, Ny, Ng, Np, Hy,e, B referring to the number
of PV panels, the number of wind turbines, the
number of batteries, the number of diesel
generators, wind turbine’s hub height, and PV
surface tilt angle respectively. An hourly data of
a typical day including solar radiation, wind
speed, and load demand power at four different
sites is used in the model. The proposed method
firstly will consider four decision parameters
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then the decision variables will be increased to
five and six variables at last.

intial geuss for
Npv,Nwt,Nb,Nd,Hwt,B

i

evaluate
constraints

!

hybrid system
model

!

compute fitness
function

criteria
reached?

Fig.3 Proposed GA

selection,crossover

and mutaion&new L
generation of

design paramters

optimum design
configuration of
Npv,Nwt,Nb,Nd,Hwt,B

3.2 Design constraints

The proposed method considered the power
reliability i.e. (total power generated is equal or
greater than the demand power), the condition
that the energy generated should be able to
charge the battery just after the battery discharge
process, min (N, Nyye, Npa)= 0, min(Npg) =
1and 0° < B < 90° as the system constraints to
which the first guess of system configuration
will be subject to.

3.3 Objective function

In the proposed hybrid PV/wind/diesel with
battery storage system, the objective function is
to minimize the Levelized cost of energy
(LCOE) which includes the system capital
investment cost, maintenance cost, and fuel
consumption cost, by employing GA, which
searches for an optimal configuration until the
criterion that specifies the desired convergence
is reached.

3.3.1 PV and wind cost

Cpvw = CRF X (Cpyc X Npy + Cppe X Niyp) +
OMF X (Cpym X Npy + Cypm X Ny) (11)

Where, C,,, is the cost of PV/wind system
C Cptm » CRF , OMF are the

levc ’thc » bLpvms



capital cost of PV, the capital cost of wind
turbine, the maintenance cost of PV, the
maintenance cost of wind turbine, capital
recovery factor, operating and maintenance
factor. CRF, OMF could be calculated by the
following equations [24]:
i(1+)"

i(1+)"-1

OMF = (1 + f)"

CRF = (12)

(13)

Where: n is project lifetime and i is the interest
rate, f is the inflation rate.

3.3.2 Battery cost

Cp = 1.03 X CRF(0.2 X Py + 0.415 x Ep) X

Ng + SFF X Cgr X N (14)
i
(A+i)nb—-1

SFF = (15)

Where: Pg,Eg, SFF, nb are battery power(W),
energy(Wh), replacement factor, and battery
life-time.

3.3.3 Diesel cost

Cd = 103 X CRF X Nd X Cdc + Cfuel (16)
The fuel cost can be calculated as follows [1]

Cruet = Dy X hg X py (17)

Where: Cq., hg, pr are diesel capital cost, diesel
total operation hours, fuel price per liter.

3.3.4 Levelized Cost of Energy (LCOE)

A Matlab M-file is written for the objective
function and another one is written for the non-
linear constraints, the M-files are designed to
accept a vector of genes representing the design
parameters and return the scalar value of the
objective function (i.e. the LCOE) which is
given as:

LCOE=Cy,,+C5+Cy (18)

4. Simulation and Results.

The proposed method was applied to four cases
with considerable variation on wind speed.

-As shown in fig.3 daily wind speed in case 1 is
the highest one with a maximum wind speed
11.7 m/s during early afternoon hours which
drops to its minimum value 7.1 at midnight, also
we can observe that the wind speed profile of
case 4 is very stable on the contrary of case 1 and
case 3 with higher fluctuations. The
specifications of the PV module, wind turbine,
battery storage, and diesel generator used in that
work and their cost values which have been
predicted after a detailed survey of researchers
[2, 18, 24, and 25], are listed in table 1.

wind speed (m/s)

T T

wind speed case 1
wind speed case 2
wind speed case 3
wind speed case 4| |

20 25

Hour

Fig.4 Daily wind speed profiles
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Table 1 Cost values and specifications of the

proposed hybrid system components

Parameter Value
Project life-time 25 year
Battery life-time 5 year
Interest rate % 5
Inflation rate % 2

PV rate(w) 120
PV initial cost $/w 5.1

PV maintenance cost $/w

1% of the initial
cost

Wind turbine Rated power | 1000
(watt)

Cut-in wind speed (m/s) 4
rated wind speed  (m/s) 10
Cut-off wind speed (m/s) 25
Wind turbine initial cost $/w | 3.2

Wind turbine maintenance | 3% of the initial
cost $/w cost
Diesel rated power(kw) 1.9
Diesel initial cost ($/kw) 850

Diesel maintenance cost | 3% of the initial
($/kw) cost

Fuel cost ($/1) 0.5

Battery capacity (Ah) 250, 24v

Battery replacement cost($) 170

4.1 casel

Fig.4 shows the daily radiation, wind speed,
and load demand, at a site which has a latitude
equal 27.17° and longitude 33.46° normalized
to their peak value [26]. The wind speed data
was measured at a height equal to 10 meters
above its location. Table 2 shows the results
and different design combinations for this
location and fig.5 shows the resulted power

generation of the system.
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4,2 Case 2

Fig.6 shows the daily radiation, wind speed, and
load demand, at a site located in Pakistan which
has a latitude equal 30.3° and longitude 69.34°
normalized to their peak value [27]. The wind
speed data was measured at a height equal to 10
meters above its location. Table 3 shows the
results and different design combinations for this
location, and fig.7 shows the resulted power
generation of the system.

4.3 Case 3

Fig.8 shows the daily radiation, wind speed, and
load demand, at a site located in India which has
a latitude equal 10.15° N and longitude 72.12° E
normalized to their peak value [28]. The wind
speed data was measured at a height equal to 3
meters above its location. Table 4 shows the
results and different design combinations for this
location, and fig.9 shows the resulted power
generation of the system.

4.4 Case 4

Fig. 10 shows the daily radiation, wind speed,
and load demand, at a site located in Poland
which has a latitude equal 49.74° N and
longitude 21.47° E, normalized to their peak
value[29]. The wind speed data was measured at
a height equal to 10 meters above its location.
Table 5 shows the results and different design
combinations for this location, and fig.11 shows
the resulted power generation of the system.

- It has been noticed that the average wind speed
is inversely proportional to the LEC of the site
understudy, as shown in table 6.



radiation
—— wind speed
—load demand

0.7r1

06

05

04r

Normalized value

03

021

011

0 5 10 15 20 25
Hour
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Table 2 Results of the proposed method (casel)

decision variables Npy | Nye | Npa | BA(Kwh) | Ny | DG(kw) | B | Hy, | Cost($)
Ny, Nue, Noas Nog 17 | 2 | 1 18 1 T1 | Null | Null | 1580
Npv, Nwe, Npa, Npg, B 17 1 2 1 18 1 1.2 34° | Null | 1577
Ny, Nwe, Npas Npg, B, Hwe | 17 2 1 1.8 1 14 34° 44 1575
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Fig.6 Daily variation of generated power, and load demand (case 1)
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Fig.7 Normalized daily solar radiation, wind speed, and load demand (case 2)

Table 3 Results of the proposed method  (case 2)

decision variables Npy | Nye | Npa | BA(KWh) | Ny | DG(kw) | B | Hy, | Cost($)
Ny Noyes Ny, Nog 17 | 3 | 1 35 1 0.9 | Null | Null | 1991
Noo Noo Nga Nog, B | 17 | 3 | 1 35 1 | 077 | 44 | Nun| 1974
vatht' NBA'NDGHBJHWt 16 3 1 2.7 1 0.5 17o 41 1966
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Fig.8 Daily variation of generated power, and load demand (case 2)
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Fig.9 Normalized daily solar radiation, wind speed, and load demand (case 3)

Table 4 Results of the proposed method  (case 3)

decision variables Nypy | Ny | Ngya | BAwWh) | - | DG(kw) | g | H,, | Cost($)
Ny, Nyt Npa, Npg 17 | 5 1 41 1 0.4 Null | Null | 2407
Npv, Nwe, Npa, Npg, B 17 | 4 | 1 3.9 1 0.66 | 20° | Null | 2369
Npvs Nwe» Npa, Npg, B, Hwe | 17 4 1 3.7 1 0.66 24° | 29 2364
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Fig.10 Daily variation of generated power, and load demand (case 3)
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Table 5 Results of the proposed method  (case 4)
Decision variables Npy | Nye | Nga | BA(KWh) | Ny | DG(kw) | B | H,: | Cost($)
Npy, Nyt, Npa, Npg 19 4 1 3.8 1 14 Null | Null 2440
Ny, Nwe, Nga, Npe, B 19 | 4 1 2.1 1 1.0 50° | Null | 2397
prNwtr NBAINDG; ﬁ;Hwt 18 3 1 1.8 1 1.2 4-6o 48 2371
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Fig.12 daily variation of generated power, and load demand (case4)
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Table 6 Relation between average wind speed and cost for the cases understudy

Cases study | average wind speed(m/s) | Cost($)
Casel 9.3 1577
Case2 8.8 1974
Case3 7.15 2369
Cased 6.09 2397

5. Conclusion

This paper proposes a method for sizing a hybrid
system that consists of PV, wind turbine, diesel
generator system, and battery storage system
taking into account different number of decision
parameters by using GA. The proposed approach
aimed to reduce the Levelized Cost of Energy
(LCOE) with high efficiency to meet the load
demand. As the number of decision parameters
increases, the results yield that the GA
converges and the LCOE minimizes properly,
also that the LCOE decreases as the number of
decision parameters increases. It has been
noticed that the average wind speed is inversely
proportional to the LEOC of the site understudy.
Besides, it has been shown that the proposed
technique can be modified if the location and
metrological data are changed or if the variation
in wind speed, solar radiation, and load demand
has been taken into account and extra work is
planned in a future work.
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Line type: For English researches (Times New Roman)
For Arabic Researches (Simplified Arabic)
Main title

In the middle
Big letters
Line size 12
Bold

Subtitles

Align right for Arabic researches
Align left for English researches
Line size 10

Bold

First page contents

. Research title

. Researcher name, job, work place and e-mail (in the middle — line size 10 )

. Research abstract (no more than 250 words, justified, line size 10 and the abstract should include the object of the thesis,
methodology and results).

. Keywords, ( line size 10 and justified text)

Research board

. Starts directly after keywords
. Text to be justified
. Line size 10

Tables, equation, pictures or charts
Positioned in the middle, line size 9, for tables numbering and description are from top and for pictures and charts description are from down
References: writing according to specific rules

1. For books: author’s name — book title — publication authority — publisher — date — country.
2. For articles: authors names — research title — magazine name — no of volume if found — publication pages — date — country.
3. For scientific thesis: author’s name — thesis name — faculty — university — date — country
- Research is sent on pdf files + word files
- At the end of the research an Arabic abstract should be attached in a single page if the research is in English and the
opposite.
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Objectives and Fields

The journal of the Faculty of Engineering — Fayoum University (FJE) is a scientific journal
specialized in the fields of engineering. It is a semiannual journal issued by the Faculty of Engineering
at Fayoum University. FJE aims to publish research, theoretical and practical studies in the field of
engineering sciences and to spread the culture of scientific research and supporting researchers, FJE
considers and Authoritative Scientific Exchange in the various engineering scineces and their
applications and to establish channels of communication between specialists in the field and to raise
the level of scientific studies and researchers in the field of engineering sciences, reflecting the
scientific activity of Fayoum University.
The papers published in the journal of the Faculty of Engineering — Fayoum University (FJE) are
covering the following fields:

e  Civil Engineering
Architecture (architectural Design — Urban Design — Architectural Planning)
Electrical Engineering in all disciplines and computer engineering
Mechanical Engineering
Mathematics and Engineering Physics

Authors from all over the world are invited to submit their papers for publication in (FJE) where the
submitted researchers are subjected to secret arbitration. The research can be accepted and published
in both Arabic and English in the fields of specialization that the journal means according to
publishing rules.

E-mail: (FJE@fayoum.edu.eq)

Phone: 0842154834 |/ 0842154762
International Number: ISSN : 2537-0626
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