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Editorial

Skill based education is the need of the hour. Students graduating from the educational institutions are in possession
of qualifying certificates with less skills. The education system rather a classroom teaching practice in most of
the educational institutions in India is to deliver the content available in the local books and making the students
to learn. Many educational institutions follow the practice of giving a priority to theoretical knowledge than the
practical knowledge with an objective to secure higher ranking to the institution. This is the same scenario in
technical and other professional institutions too. A meritorious graduate may get an employment and sometimes
not able to fare well in processional career due to lack of required skills in the domain.

It is a fact that there is a drastic increase in literacy rate in India, but the recent reports saying 20% of the technical
graduates in India only are employable. This implies that there is a lack of the necessary skills and a huge gap
between the skills required by the industry and the person in possession. In a highly competitive world, employers
look for the candidates who possess the required skills rather than the candidates having more degrees with higher
grades. In this context, the educational institutions need to get connected with various industries and create the
opportunities to the students to acquire practical knowledge at every stage of their education to strengthen necessary
skills so as to grow well in a chosen area. Lot many new technologies are emerging across the world, and there is
a need that a person inculcates the required skills to use these technologies for a successful life. If one is failed to
acquire such skills to use the latest technologies will remain as a back bencher.

There is a need to have a skill-based education system that helps the employers to easily absorb the suitable trained
candidates. Hence, there is a need to bring up the students by educating them with more thrust or atleast equal
weightage to practical knowledge than theoretical at every stage of their college level education.

The S. B. Jain Institute of Technology, Management & Research, Nagpur (Maharashtra) has organized a 2day
International Conference on Advancement in Science, Technology and Management 2023 (ICASTM- 2023) and
created a platform to invite the authors to share advances in technologies and their applications.

The editorial board of IJTE has shortlisted 51 papers of ICASTM- 2023 covering engineering, management and
basic sciences to publish as September 2023 special issue. We believe that Vol. 46, September 2023 special issue
of IJTE is interesting to the readers to enhance or update their knowledge.

New Delhi Editor
30% September 2023
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Behavioural Analysis of Infectious Diseases in Two Main Age
Groups using a Mathematical Approach

N. K. Lamba
Department of Mathematics,
Shri Lemdeo Patil Mahavidyalaya, Mandhal
Nagpur

ABSTRACT

In this study, we modify the S-I-R-M model for two major age groups of the total population: the aged group
(which includes old adults ranging from 60 and above) and the youth group (this comprises young adults aged 18
to 25 years old, adults aged 26 to 44 years old, and middle-aged individuals aged 45 to 59 years old) and discussed
the frequency of infection, rapidity of healing, mortality, and susceptibility in the case of infectious diseases like
plague, flu, cholera, coronavirus, etc. For the various parameters and functions, computations have been suggested
and given graphically. The specific S-I-R-M model scenarios for both age groups have been discussed.

KEYWORDS: Infectious diseases, Susceptible, Infective,recovery, Mortality Mathematical Modelling.

INTRODUCTION
For many years, the whole world has faced so

many pandemic and epidemic conditions due

to the spread of infectious diseases like plague,
flu, cholera, tuberculosis, malaria, coronavirus, etc.
According to the data collected by the World Health
Organization, people with a high risk of developing
severe cases of infectious diseases are found to be over
the age of 60, and the highest mortality rate is found
in people over the age of 80. In addition to older age
groups, young people with chronic illnesses including
diabetes, high blood pressure, kidney disease, or cancer
are at increased risk of contracting infectious infections.
From the available literature survey, it is found that
around 9 % of diabetic patients died after contracting the
virus, which spreads infection in many diseases. Also,
around 8 % of people are victims of high blood pressure.
Hence, from the available data, we believed that the age
distribution of the population plays a pivotal role in
describing disease behaviour and characteristics. Now
there is a need to study the impact of infectious diseases
on the two major age groups, namely young (those who
are below and equal to 60 years) and old (those who
are above 60 years), across the globe. Consequently,
in order to avoid and limit the spread of infections,
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recovery, and mortality in the above-mentioned age
range, it is necessary to prepare a mathematical model
category-wise due to the suitability conditions.

Morens et al. [1] state that many infectious illnesses,
such as cholera, malaria, and tuberculosis, have spread
across large geographic areas, posing health problems
for a sizeable section of the population. Oliveira [2]
suggested that infectious organisms, such as the variola
virus and Yersinia pestis, have the potential to be utilized
as bioweapons and pose a threat to civilization. The
flea-borne bacteria Yersinia pestis, which caused the
Black Death, the third plague, and the Justinian plague,
was discussed by Zietz and Dunkelberg [3]. According
to Faruque et al. [4], Vibrio cholerae causes the acute,
frequently deadly disease of the gastrointestinal tract
known as cholera. Three years ago, early December
2019 in the Chinese city of Wuhan saw a rapid rise
in the reports of numerous inexplicable symptoms
including cough, weariness, fever, and pneumonia [5,
6]. The pathogen of these cases was determined by the
World Health Organisation (W.H.O.) and Chinese health
officials to be a group of a new type of virus known
as Coronavirus on January 10, 2020 [7]. Numerous
researchers examined the coronavirus’s transmission
dynamics and came to sound conclusions [8, 9].
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Behavioural Analysis of Infectious Diseases in Two Main Age

In order to explore the impact of the S-I-R-M (young
and old) model owing to the influence of conditions
like immunity power, weather conditions, etc., the
current research works with a general mathematical
model of infectious diseases. By using Mathematica
Software, the numerical calculations for young and
old people have been examined in terms for infection
pace, recovery pace, and death rate. Additionally, a few
comparisons are depicted in the image to illustrate the
specific S-I-R-M model situations, including the elderly
and younger generations, and to estimate the influence
of susceptible conditions.

Proposed Mathematical Model

Assume that represents the population of a certain
nation, and that and represent the susceptible and
infectious populations, respectively, at each point in
time .

ie. S(t)+1(t)=N

Furthermore, there is a chance that each sick person
will spread the virus to a susceptible individual. The
likelihood of contracting an illness varies from person
to person, from society to society, as well as from
country to country, based on their surroundings, culture,
way of life, immune function, lack of knowledge about
virus infection, and capacity for their age group. The
frequency of new infections rises steadily as time
(measured in days) changes and rises as well. In order
to study the physical impact of infectious diseases on
two major age groups, the numbers of susceptible and
infectious diseases are further divided into two parts as
follows:

S(t)=S,()+S,(t), 1(t)=1,(t)+ (),

where Sy(t) stands for the number of young susceptible
whose age is less than and equal to 60 years and S ()
for the number of young susceptible whose age is
above than 60 years. Similarly Iy(t) and [ (¢) refers to
young and old infective as the age taken in the case of
susceptible respectively.

The S-I-S model (Young and Old)

One of the simplest epidemic models and one of the
most realistic ways to simulate the spread of disease
is the S-I-S model. As alreadydescribed, the overall
population is split into those who are infectious and
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those who have exposure at any one time.
S()+I1(t)=N )

On differentiating equation (1) on both sides with
respect to £, we get

ds_ di

dt dt )
Further we have

Slt/=8,[t|+S, [t|and I|t|=1 [t}+1t] 3)

But with the consideration of the comparison purpose of
two major age categories, equation (2) can be rewritten
for the young and old populations as

@, __d,
dt dt 4)
s, di,
dt  dt (5)

The above equations (4) and (5) give the relationship
between how the numbers of susceptible and infected
people are changing over time according to age category,
both young and old.

To make sense of the study, rather than considering raw
numbers, proportions of infected and susceptible people
are taken.

So, let the proportion of the young population that is
i(t)==
(1)=-2

and the proportion of the young population who are

susceptible is: Sy (t)= R}Z

infected be given as:

Similarly, the proportion of the old population thatis
infected is given as: i (¢) :EU

and the proportion of the old population who are
0

susceptible is: $ 0( t ): N

here i, +s, +i,+s, =1
In the S-I-S model the rate of infection is defined as

Rate of infection in young =

September, 2023



Behavioural Analysis of Infectious Diseases in Two Main Age

¢ x (Proportion of young susceptible) x (Proportion of
infected)

=cs, (Di(t)=cs,i (6)

Similarly Rate of infection in old =

¢ x (Proportion of old susceptible) x (Proportion of
infected)

(7

The constant ‘c’ in equations (6) and (7) denotes the
transmission rate, which is the average number of
persons each infectious person (young or elderly)
transfers the disease to each day.

=cs,(t)i(t)y=cs,i

So the equation can be written solely for every person
(young or old) as

di

d_ty:C s i ©
ds

d—ty:_c 5,1 o
diO .

E =Cs,l (10)
dSO .

S TTe S, a

The S-I-R Model

The fundamental SIR-Model for the equations of
a differential system is provided by the following,
adopting Barnes and Fulford [10]:

I =cSI- vl (12)
S =-cSI (13)
R =r1 (14)

where “dot” stands for a time function derivative.

Here, the population can be further divided into three
basic categories:

1(¢)- Infective, S(¢)— Susceptible, R(f)— Recovered,
clearly, 1(f) + S(t) + R(f) = N.
The S-I-R model is altered by the addition of the age

Vol. 46
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category as majorly young and old. Hence, the proposed
S-I-R model (young and old) is given as:

Case 1: with uniform recovery rate

-

dl
—==cS -7l
dt
dsS
L=—cS T }
dt !
dR
==,
dt ) (15)
dl )
d: =S, =7l
dbo — —CSUI '
dt
% =rl,
dt J (16)

Case II: with different recovery rate r, in young’s and
r, inold’s

-~

dl
—==cS1-rl,
dt ’
dsS
L =—cS I L
dt g
dR
==rl,
dt ) 17)
ﬂ = CS(}[ - r(}]o
dt
ds
— =—cS,I .
dt
dR, -
dt ] (18)

The S-I-R-M Model:

We rewrite the S-I-R model by considering mortality.
The equations (12 to 14) can be written as

I =cSI-ri-ml (19)
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S =-¢SI

(20)
R =11 1)
M =mli (22)

where “dot” stands for a time function derivative.

Here Population N can be further classified into major
four broad classes as:

I(f)- Infective, S(f)— Susceptible, R(f)- Recovered,
M(f)— Mortality

Clearly, I(¢) + S(¢) + R(¢{) + M(£)=N

S-I-R-M Model (Young and Old):

So with the consideration of age category, the S-I-R-M
model is now proposed as the S-I-R-M model (young

and old). Therefore, equations (19)—(22) can now be
rewritten as

Case I: with different recovery (r, in young’s and 7, in
old’s) and mortality rate (my in young’s and m_ in old’s)

-

dil
—~=cSI-rl —ml,
dt
dsS
==—cS 1
dt !
dR,
dr "y
M ,
=m
dt g ) (23)
ar, =cSl—rl,—m,]l,
dt
5, =—cS,/
dt [
dR, _ r L
dt
dM, m I
dt o’ ) (24)

Case II: with different recovery rate (r, in young’s and
r_in old’s) but mortality is only in old. For this case

www.isteonline.in Vol. 46
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the above equations (23) and (24) can be rewritten by
taking M =0.

Numerical Analysis and Graphical Representation

As a case study, we constructed a mathematical model
S-I-R-M for young and old people with infectious
diseases under different parameters and functions. Using
Mathematica software, the findings for the infective,
recovered, and death rates for young as well as old age
groups have been shown graphically.

Hypothetical Data: N = 1000, ¢ = 0.01, Sy =749, 8 =
240,1 (t=0)=1,1 (t=0)=10,r, =0.90,r,=0.30 m

v 0 > 184 X
=0.001 and m, = 0.010.

The assumed data is based on the capacity of the
infectious disease-spreading virus and subjected to its
rate of transmission, recovery, and mortality.

ToOE ]
= Young Infective
GO0E ]

- - i Infective
soog 1 — Young Suszeptibles
400F 1 --- O Susceptibhes
ook 1 — Young Recovered
e ] I | R =« Old Recovered
100k = Young Memakty

¥ . 0bd Mortalty

T
Fig. 1. Distribution of S-I-R-M model (Young & Old Age
Groups)

OBSERVATION AND DISCUSSION

The above figure shows the variation of infective,
susceptible, recovered, and mortality versus time in the
older and younger groups. The following observations
have been discussed:

*  For young people, the rate of transmission of
disease from person to another person goes on
decreasing as compared to old people.

* *Younger people heal more quickly than older
people do.

*  The rate of mortality in young people is found to be
lower than in old people.

Additionally, we noted the following from the graphic
representation of the S-I-R-M (young and old) model:

*  There is no recovery and no fatality rates in the
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earliest stages of infection because of the slow
infection rate.At this specific instance of the S-I-
R-M (young and old) reduces to S-1-S (young and
old).

»  The chain of infection from one person to another
fluctuates gradually over time, which causes
the infection rate to rise with periodic probable
recovery. In this case above model is a particular
case of the S-I-R (young and old) model.

CONCLUSION

An infection, recovery, and death rates are quite low in
young people. as compared to the elderly, whereas the
mortality rate is a little higher in the elderly population
because of low immunity and chronic diseases. It is
also concluded that if the transmission rate is less than
one, the rate of infection, recovery, and death rates
in both age categories is under control to minimize
the influence of infection in society. The results of
our study’s mathematical modelling indicate that the
pandemic’s path may rapidly shift in both the elderly
and the young if adequate precautions are not taken or
are done insufficiently.
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A New Prospective to Undamped Force of Vibration System
Problems using Some Integral Transforms

Shilpa Kulkarni
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ABSTRACT

Pralahad Mahagonkar

Associate Professor

Dept. of Mathematics

Ballari Institute of Technology and Management
Ballari

A new way of approaching to solve the physical system problems such as undamped force of vibration equation on
a simple pendulum problem. In this paper we have revisited these problems by applying some integral transforms
such as Ezaki transforms method (ETM) and Differential transforms method (DTM) demonstrating how effectively

they are in the determination of the solutions.

KEYWORDS: Physical system, Ezaki transform, Differential transform, Simple pendulum.

INTRODUCTION

ince from last few decades the efforts have been
Smade in the field of mathematics and physical

sciences to apply some techniques to find the
possible solutions for some physical system problems,
further the development had made to analyse the
such linear differential equations which we can apply
in different areas of science and engineering. Some
of the analysis was made and studied in the field of
physical sciences and their applications. here some of
the appropriate methods are adopted to get the different
solutions such as Ezaki transform method (ETM) and
Differential Transform method (DTM).These transform
methods have been inspired towards researchers of
physical and mathematical sciences and many research
works have been taken places and research article were
published in these fields.

Undamped force of vibrations

Whenever an external force is applied on a particular
system continuously the vibration of that system
never stop. This type of vibration also can be called as
undamped force of vibration.

Examples: movement of laundry machine due to
asymmetry, vibration of a moving transport due to its
engine. movements of strings in guitar.
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Consider undamped forced vibrations of spring given
by the differential equation is.

Undamped force vibration of spring

Consider the undamped force vibrations of spring given
by the differential equation is,

d2
mEL+ky(1)=1(1)
dt (D
In this paper we will consider our choice the forcing
function as f{¢¥) = (1-sinf), m=1kg, k=1N/m, with initial
values y(0) = y’(0) = 0 then equation (1) and it gives us,

2

dy .
+y(t)=(1—-sint
o y()=( )

(2)
Basics definition

The Ezaki transform of the function f(t) for t > 0, can
be defined as

o 1
E[f(D]= Vje Y (@) di=T(v).
0
The Differential transform of a function f{(t) is given by

F(k) :%[%f(t)}

a
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Main results
Applying both sides Ezaki transform method (ETM)

Consider the equation (2) and applying both sides Ezaki
Transform

E[y" 0]+ E[y(0)] = E[t] - E[sin ]

[Y(:) —y(O)—vy'(O)}Y(V) =v - v 2
v 1+v

Since y(0)=y’(0)=0. And applying both sides Ezaki
inverse transform.

We get

y(;)zl—oos!—%[sint—tcost] @

Now applying the Differential transform method (DTM)
both the side for equation (2)

(ke +1)((k +2) y(k +2) + (k) =1— i‘ sin[%”]

k
1 . (knm
l1——sin| — |- y(k
T [2] (k)

(k+1)(k+2)

yk+2)=

- é sin(0) - y(0) |
Put k=0 y(2) = — 2 _ 2
0 1) HR) 2

l—llsin(n';’Z)—y(l) 1
Putk=1 y(3) = —=& =—

(2)3) 6
1 2]' sin(7) - v(2) I
Putk=2 y(4)= 3@ = ﬁ
1 . 37
Putk=3 y(5) = " ism(T) O = 1
(4)(5) 20
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1 . (4x
1- —sm[?} -y(4)

4! 23
(5)6)

=—— and so on
480

Putk=4 y(06)=

Let us consider the solution is of the form
y(0) =D y(k)t*
k=0

(0 =y(0)" +y(1+ 321" +yB) + (D1 +y(5)° + (6)
Substituting the different values of y we get
P N S 23
1

N=t+—+—+ —
) 2 6 24 20 480

(7

Table 1 : The value different values of y( t ) using
Differential transform method and Ezaki Transform
method

t DTM ETM Absolute
Error
0 0 0.5 0.5
0.1 0.1053380021 | 0.1252658210 | -0.0203202079
0.2 | 0.2227494667 | 0.2585658212 | -0.0358163545
0.3 0.3544605181 | 0.2853691211 | 0.0690911397
0.4 | 0.5029205333 | 0.4582025833 | 0.0447179512
0.5 | 0.6705658854 | 0.5268425123 | 0.1421407621
0.6 | 0.8613852012 | 0.8212550121 | 0.0792597101
0.7 1.0779861021 | 1.0526158412 | 0.0253702609
0.8 1.324663471 | 1.2512368401 | 0.0734266306
0.9 1.605969169 | 1.4581252584 | 0.1478433291
1 1.927083333 | 1.9202581223 | 0.00068525077
L = :— 1|
: Evo
H ]

o

o2 o4

o8 oa
P

10

Figure 1: Comparisons for DTM, and ETM for different
mesh points for undamped force of vibration problem
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Figure 2: Comparisons for DTM, and ETM for different
mesh points with respect to absolute error for undamped
force of vibration problem

Conclusion: The main basic motive of this work is
to implement the given transformations to linear non
homogeneous differential equations which are occurring
in the field of engineering, applied sciences and other
physical systems .The methods which are proposed
here are two transformations they are ETM and DTM
and comparative study has been shown graphically.

REFERENCES

1. Tarig, E. (2011). The new integral transform “Elzaki
Transform”. Global Journal of Pure and Applied
Mathematics, 7(1): 57-64.

2. Elzaki, T.M., Elzaki, S.M. (2011). On the connections
between Laplace and Elzaki transforms. Advances in
Theoretical and Applied Mathematics, 6(1): 1-11.

Vol. 46

Special Issue,

www.isteonline.in

10.

Kulkarni, et al

Aboodh, K.S. (2013). The new integral transform
“Aboodh Transform”. Global Journal of Pure and
Applied Mathematics, 9(1): 35-43.

Alshikh, A.A., Abdelrahim Mahgoub, M.M. (2016).
A comparative study between Laplace and two new
Integral Elzaki Transform and Aboodh transform. Pure
and Applied Mathematics, 5(5): 145-150. https://doi.
org/10.11648/j.pamj.20160505.11

Kashuri, A., Fundo, A. (2013). Anew Integral transform.
Advances in Theoretical and Applied Mathematics,
8(1): 303-313.

Shilpa Kulkarni,pralahad Mahagaonkar.(2022). Study
on Undamped Force Vibrations of a Spring Using
Different Methods. Middle East Journal of Applied
Science & Technology (MEJAST) Volume 6, Issue 1,
Pages38-41, January-March 2023.

Hsiao, C.H. (2008). Wavelet approach to time-varying
functional differential equations, Int. J.ComputerMath.,
87(3): 528-540.

Kouchi, M.R., Khosravi, M. & Bahmani, J. (2011). A
numerical solution of Homogenous and Inhomogeneous
Harmonic Differential equation with Haar wavelet, Int.
J. Contemp. Math. Sciences, 6(41): 2009-2018.

Lepik, U. (2005). Numerical solution of differential
equations using Haar wavelets, Math. Comput.
Simulat., 68: 127-143.

M.C Agrana and M.E.Emetere Solving Non-Linear
Damped Driven Simple pendulum with Small amplitude
using A semi Analytical method . ARPN Journal of
Engineering And Applied Sciences .ISSN1819-6608.
Vol.11,NO 7, April 2016. (4478-4484).

September, 2023



Modified Differential Evolution Algorithm for
Engineering Design Optimization

Pooja Tiwari, Vishnu Narayan Mishra
Department of Mathematics
Indira Gandhi National Tribal University
Amarkantak, M.P

Raghav Prasad Parouha

ABSTRACT

Differential evolution (DE) is broadly used for various optimization issues, amongst a lot of evolutionary methods
(EMs). But, it has few weaknesses like untimely convergence, maintenance of diversity etc. Similarly, mutation and
its control factor choice for DE are extremely inspiring for enhanced optimization. To increase the DE exploration
competence, a modified DE (mDE) is projected in this paper. It implemented a new mutation system, thru the
perception of particle swarm optimization, to balance population diversity. Meanwhile, focused on time-varying
structure, new mutant control parameters incorporated with the suggested mutation scheme, to escaping local
optima. Using the features of retention and robustly altered control parameters, exploitation and exploration ability
of mDE is well-adjusted. Finally, six engineering optimization problem solved, to verify effectiveness of the mDE.
Performance of mDE compared with different peer algorithms. According the investigational results, efficiency of

suggested mDE technique has been confirmed.

KEYWORDS: Evolutionary algorithm, Differential evolution, Engineering optimization, Mutation.

INTRODUCTION

resently, huge amounts of evolutionary methods
(EMs) are offered to solve engineering design

optimization problems [1]. Between several
EMs, differential evolution (DE) is ultimate widespread
optimizers since its initiation in 1995 [2]. It has
competence to solve multifaceted optimization issues,
duetoitseasyimplementation. Equally, itattained evident
improvement in the past two years, owing to its search
capacity and proficiency [3]. Besides, the DE effectively
applied in several real-life problems, for example
power system [4], neural system [5], image analysis
[6], chemical manufacturing [7] etc. Conversely, at the
time of solving multifaceted optimization problem, the
DE faces certain disadvantages for instance stagnation
i.e. to escape from local minima [8]. Respectively, DE
has no possibility to solve all optimization problems
efficiently [9].
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Henceforth, various innovative DE reforms have been
advocated in the literature to increase the DE presentation
[10, 11, 12, 13]. But, most of the DE variants still face
the stagnation problem and provide poor results for
complex optimization issues [14, 15, 16]. It happens
due to selection of DE mutation and control factors
schemes. Hence, various mutation and control factors
for DE projected by scholars [17, 18]. Furthermore,
synergy of DE and PSO (particle swarm optimization)
[19] techniques improves the search performance of
the DE [20, 21, 22, 23]. Up-to-date various DE and
its hybrids variants suggested for solving complex
optimization issues. But they are unable to provide best
outcome and falls into local minima; due to unable to
used earlier best outcomes [24, 25, 26].

Stimulated by the above literature study and PSO method,
in this article a modified DE (mDE) is suggested. It has
an innovative mutation scheme, using the perception
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of PSO, to trade off the exploration and exploitation.
Also, novel time-varying mutant control parameters
incorporated with the suggested mutation scheme, to
escaping local optima. Using the features of retention
and robustly altered control parameters, exploitation
and exploration ability of mDE is well-adjusted. Also,
admitted features of mDE algorithm follows better
convergence speed. Finally, to verify the effectiveness
of mDE, six engineering design optimization issues
are solved. Presentation of mDE equated with different
methods. The experimental results of mDE are better
than other compared methods which confirm its
efficiency and ability to solve engineering design
optimization issues.

The article rest part is prepared as - Section 2 delivers
elementary DE outline. Facts of the offered mDE are
demonstrated in Section 3. Results and discussions
displays in Section 4. And Section 5 present conclusion
of the whole article and future plans.

ELEMENTARY DE OUTLINE

DE is a population established stochastic optimizer. It
has similar steps with other evolution methods (EMs),
namely initialization, mutation, crossover & selection.
In each cycle mutation, crossover to selection operator
used in the evolution process and form new solution
vectors. Mutation, crossover and selection cycles
are repeated up-to predefined stopping conditions.
Following are the implementation steps of the classic
DE.

1st Step: Initialization

Aimed at -dimensional problem optimization, a
group of random sampling points (target vectors)
x{; = (xi1, %2, %ip) 1 =1,2,..,NP and
j=1,2,..,D called the population initialization
populatlon size and - dimension) is generated randomly
in specified limits, at ‘#" ’ iteration.

2nd step: Mutation
t _

vi,j = (vi’l, 17{)2,

formed as

vi; =xt +Fx (xf, —xt,)

ij

*vi,D) called mutant vector is

()

where
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Xpy Xy, and X, € [L,NP], 71y # 1, #r3 # iand F € [0,1] is
specified as mutant factor.
3rd step: Crossover

t _ ‘ ‘ ) )
U = (u;,pu;,z, "'Jul,D) called trial vector is formed

as -
. { l},lf?"nd<CR
ui_}' =
x{ j; Otherwise )

where = uniformly random number spread among 0 and
CR € [0,1] is indicated as crossover constant.

4th step: Selection

It is formed as -

41 _ { b iEf(uf)) < £(xd))
" x{ ;; Otherwise (3)
Sth step: Stopping
Repeats 11-V else stopped as per criteria of termination.
OFFERED MODIFIED DE (MDE)

Following are observation from the literature survey
(research gaps).

t — ot

(). Vij = Xy +FX (x?"z - x?’s) is extensively used
mutation scheme and effectively balanced population
diversity [2, 27]. In contrast, it has slow convergence
rate [27].

i) vij=xh +Fx (o, —x,) + F X gxn ~ xf,)
has enhanced perturbation than Vj; xﬁl +
Fx (xf’z xi‘z) But, it may fail to provide exploitation
facility during the search evolution [28].

(iif) Ve = Xvese + F X (af, = xf,) + F x (xf, —x7,)
, vij=x{;+FXx (x,,1 —xrz) and vy
xit,f +F X (xbeSf - xit,j) +F X (xﬁ - x?“z)

has better exploitation ability. But, they have low
exploration capability when solving multimodal
optimization problems [28].

exploration capability when
optimization problems [28].

solving multimodal

(iv). Various mutation schemes presented in the
literature [29], to decrease the DE disadvantages. Bur,
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want essential refinement to enhance the DE search
capability [30].

(v). DE might be not stanching the previous best
memory/vector information in the evolution process.
Hence, it may loss of the best vectors and leads to
premature convergence [31].

Encouraged by above stated and literature investigation,
a modified DE (mDE) presented in this article, to
overcome DE disadvantages. Advised mDE steps are
presented as follows.

1st step: Initialization

NP size initial poputational generated randomly by
using following equations in mDE.

xt ;= x4 nd(0, 1) (e = x)

4)
wherei=1,..,NP,j=1, ..., D, t iteration number, x™"
& x™ = minimum and maximum value of i™ variable.

2nd step: Mutation

Using the concept of PSO [29], v, i.e. mutation vector
created as follows.

t _—_ ..t t t
Vi =Xi;+ F; X (xbesri_j — xi_}-) + F, X

(xbetter| —xf;) + Fs x (xworstf —x

) 5)

= better vectors,
These vectors are

where xbest‘m = best vectors, xbetterjt
and xworst! = worst vectors.
restructured as follows.

e _ (X iFf(x) < f(xbesti;")
*bestiy = \xpest!s ;if f(xf;) = f(xbestf;?
Ly Ly;s = LJ

b e t S t
xbetter; = minimum [xbesti_ j] & xworst; = maximum {xbesti_ j]

Moreover, F , F,, & F, are the novel control parameters
defined as follows.

o= (t - 1/tmax - 1) X Finitial = (Fifinal = Fiinitia1 )
F, = (t - 1/ ax — 1) X Fainitial — (Fz,ﬁnal - Fz,initial)
Fy=(1—exp(F, xt)) X F,

where t and t = maximum and current iteration/

generation number.

Moreover, mutant factors (F, F,, & F,) have the
subsequent quality, throughout the search procedure.
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(i). initiate with big value and gradually falls to a small
value, while initiate with small value and gradually
upturns to a large value. In earlier period, large and
small values are allowed vectors to travel freely over
search space, instead of affecting to the population’s
finest. Likewise, small and large values are endorsed
vectors to touch the overall best, in later period.

(i1). quickly upsurge in earlier period then gradually
shrinkage in latter period. It supports the vectors to find
suitable direction and better movement position.

After an wide study, F i = Fa = Fa inivia — 0.5, are

fixed for mDE for entire experiments. Variation of F ,
F,, & F, and according to iteration number are depicted
in Fig. 1.

250
240
230
2.0
210
200
1.0
1.80
1.70
160
1.50
140
1.30
1.20
1.10
1.00
0,80
0.ED
0.70
0,60
a'ml 1 T T T T T T T T T T T T T T L]
0 100 200 300 400 3500 BOD TOO 800 90D
Iterations

Values (F , F, & F,)

100C

Fig. 1. Variation of F, F,, & F, as per iteration number

3rd step: Crossover
Recombines mutant (v ) and target (x, ’) vector to
create trail (u ") vector as follows.

i i 1frnd(0 1) < CR

t =
Wiy = {JC[_JI ; 1frnd(0,1) > CR (6)

where () = random number among 0 & 1, = crossover
rate.

4th step: Selection

A greedy selection scheme used in mDE i.e. if u,; has
better or equal function values than it used for next
iteration otherwise x. ' will used for the next iteration. It

works as follows ma{hematlcally
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t+1 _ {uij; iff(uit,f) = f(xirj]
Y xips it f(uf;) > f(xi))

Sth step: Stopping

(7

Repeat step I1 — V, else stop as per specified stopping
criteria such as ¢ _(maximum iterations)

RESULT AND DISCUSSION

Competence of developed mDE is thoroughly checked
in 6 engineering design optimization issues (EDOIs).
Particulars of these EDOIs with objective minimization/
maximization (Min/Max)specified as below.

EDOI -1: Gas transmission design [32]

8.61 105 X xM% w xp #2323 (x2 = 1)71/2 £ 3.69 x 10* # x5 +
7.72 % 108 # x7 1+ 29219 — 765.43 % 10° x x,
st-552x 210,22 %, 211,40 2 x3 =2 10

Min F(x) =

EDOI -2: Optimal capacity of gas production
facilities [32]

Min

F(x) = 618+ 572« x; + 0.2623[(40 — x,)In(x,/200)]°55 + 0.087(40 — x,)In(x,/200)
470023 + ;78

st- 402 x = 175,600 = x;, =300

EDOI -3: Gear train design [33]

Min F(x) = (1/6.931 - TyT, ITaT})Z = (1/6.931 — x,x;/X3x4)?
s.t.- 60 2 xy,x5,Xx3,x4 212

EDOI -4: Optimal thermohydraulic performance of
an artificially roughened air heater [34]

Max F(x) = 55— 0.1RM — GH + 2.51 = Ine*

where RM = 095+ x353, GH = 45(e*)028(0.7)°%, e* = x, * x3(f/2) """,

£ =[0.079x5025 + 2(0.95x253 + 2.5 * In(1/2x,)? — 3.75)2]/2
st- 082x =002, 40 > x, > 10,20000 > x; > 3000,

EDOI -5: Frequency modulation sound parameter
identification [35]

Min F(x) = £128(y(8) - yo(0))’

where y(t) = a, sin(w,t0 + az sin(w,tl + a3 sin(wstd)))

vo(t) = 1.0sin(5t6 + 1.5sin(4.8t8 + 2sin(4.9tF))), 8 = 2m /100
st.- 6352 q;,w; =2 —64,i=1,2,3.

EDOI -6: Spread spectrum radar poly-phase code
[36]

Min F(x) =_max{fz(x), ...,fz,.,,(x)j o

where x = {(x,...,x,) ER™0 = x; €2,/ =1,2,...,n}and m = 2n — 1,
faica(x) = E;‘=1 505(2£=[2i—j—1|+1 xk)= i=12..,m

foi(x) =05+ Xy cos():i:lzf_”“xk),i =12 ..n-1;

frnaei(X) = —fi(x),i =1,2,...,m.
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Simulation outcomes experimented on Core(TM)
Intel(R) i7-7200U CPU, 2.50GHz, 16GB RAM,
MATLAB R2021a software with Windows 10 (64-
bit) operating system. To conduct a fair evaluation- 30
population size, 240000 maximum numbers of function
evaluations and 30 trail runs set for developed mDE
on EDOIs which is same as comparative methods.
The other parameter settings of mDE mentioned in
above section and other methods can be found in the
respective papers. The boldface in each table reveals
the best results. The experimental results of developed
mDE with the other methods presented as follows.

The experimental results of developed mDE on 6 EDOIs
equated with DE [2], PSO [23] and PSODE [37]. Mean
(mn) and standard deviation (std) over 30 trail runs of
these methods describedin Table 1. It could be noticed
that from table 1 — for EDOI-1 and EDOI-2 proposed
mDE produce same results with others, but for the
rest three EDOIs suggested mDE yield best optimal
solutions compared with other methods. Hence, it can
be said that projected mDE reaches the best solution
in all EDOIs. Also, it should be noticed that from this
table, most of the std of mDE is less compared to others,
which illustrate that its solution stability.

Table 1. Comparisons results on 6 EDOIs

EDOIs Ideals mDE PSODE PSO DE
EDOL] ™ 2.9610E+06 2.9610E+06 2.9610E+06 2.9610E+06
std 0 2.20E-09 4.61E-02 2.60E-10
e 1.6924E+02 1.6924E+02 1.6924E+02 1.6924E+02
) std 0 1.11E-13 1.14E-10 2.11E-12
EDOIL3 mn 1.3968E-12 14021E-10 14321E-06 1.1609E-08
' std 1,02E-12 2.30E-12 2.01E-02 3.52E-08
EDOI4 ™0 2.1709E-06 2.3102E-06 4.2647Ee-01 3.2101E-02
std 1.04E-10 1.21E-06 2.62E-01 5.01E-06
mn  2.045471 258574 9.75124 3.0152
EDOI-3 std 3.01E-02 3.30 6.61 4.61E-01
mn 03 0.35021 0.6 0.42042
EDOL6 std 1.02E-02 1.16E-02 1.61E-01 1.20E-01
Furthermore, to measure the significance of

experimental results of mDE with others CPU time (s)
and nFEs (function evaluations numbers) considered on
6 EDOIs and reported in Table 2. This table shows that
proposed mDE has less CPU time (s) and number of
function evaluations on each EDOI compared to others.
It illustrates that mDE has best convergence ability and
higher reliability with others. Finally, the Friedman’s
ranking test [26] testified on all associated algorithms
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on 6 EDOISs and results designated in Table 3. It shows %3‘?..;,"‘133 L

that, projected mDE reaches the top ranking. 3%:5

Table 2. The statistical results for mDE vs other algorithms _ 1%}5 L :gggDE

in terms of CPU time (s) (nFEs) glﬁlg ——DE
EDOIs mDE PSODE __ PSO DE ~§11

400x10° —

30010 4 —
EDOL1 10.2(12000) 152 (21000) 282(26000) 25.2 (24000) £ 1200104
EDOI-2 10.2(8000)  10.5(10000) 21.1 (18000) 102 (16000) 1000101
EDOI-3 10.1(20000) 112 (28000) 2?8(34000] 28.0(32000) se000a0 4 |-
EDOI-4 10(18000)  13.2(20000) 18.5(28000) 15.2(24000) o000 —L\_l_l_“_‘h

( (
( T

(
EDOI-5 15.8(80000)  16.2(100000) 30.2(115000) 28.0(104000) ;5';5-"3'"'3*15'
(

4D00x10°
EDOI-6 16,04 (180000) 19.2(200000) 30.5(240000) 28.1 (204000) gmlg
Table 3. Average ranking of different algorithms 1.003?:&‘%- — e e e —
0 200 400 #00 800 1000 1200 1400 1800 180C
Ranking Algorithms Generations
1.19 mDE
1.42 PSODE Fig. 3. EDOI-2 convergence graph
5.53 PSO 3.400x10"
376 NDFE 3.200%10" ]
3.000x10" 1
Moreover, to analyse the convergence results of mDE, g z#00xi0" - ——mDE
. . . . = 2.600%10" - =— PS0ODE
convergence curve is used in this section. It reflects the 2 2 400c10" —DE
speed and convergence accuracy of projected and other g 2z00x10"{ [ —P30
methods. The convergence curves of developed mDE fﬁ:g )
with other methods on 6 EDOIs displayed in Fig. 2, &1 g0
. . . . . S 1.400x10" { =
Fig. 3, Fig. 4, Fig. 5, Flg. 6, gnd Flg. 7 s'epa.rately. I.n 2 1 sogeiot _—|_|_‘
these figures, number of iterations is applied in x- axis 2 1.o0oxio* - L —
o . . = 5.000x10" 4
and objective fungtlon values gained f“rom each method ey _‘_‘_‘_
on same population/seed are used in y- axis. From 400010 1
these figures, it can be supposed that mDE has quicker 2'““'3“;3;' |—._,

. . d ] 1T T T
convergence with better accuracy in most cases. Hence, 0 200 400 60D BOD 1000 1200 1400 1800 1BOC
it can be said that projected mDE has capability to jump Generations
out from the local optima effectively. Fig. 4. EDOI-3 convergence graph

jﬁ:g" — 3000107 -
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Fig. 2. EDOI-1 convergence graph Fig. 5. EDOI-4 convergence graph
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CONCLUSION AND FUTURE PLANS

In this article, a modified differential evolution (mDE)
is projected for solving engineering optimization issues.
It implemented a new mutation scheme, based on the
perception of PSO, which balance population diversity.
Also, new time-varying mutant control parameters
incorporated with suggested mutation scheme, which
helps individuals to escaping from local optima. Using
the features of new mutation and robustly altered
control parameters, exploitation and exploration ability
of mDE is well-adjusted. Also, admitted features of
mDE algorithm follows to speeding up convergence
efficiently.

The mDE performance has been tested on six engineering

Vol. 46

Special Issue,

www.isteonline.in

Tiwari, et al

design optimization problems. The experimental
outcomes achieved by mDE equated with DE, PSO,
and PSODE. Suggested mDE obtained better results
on all engineering design optimization issues, due to its
new mutation and controlling factors strategies. Hence,
advised mDE is an active alternative of DE for solving
engineering design optimization issues. Suggested
mDE may be used for complex real-world optimization
issues, in future.
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ABSTRACT

In this article, an attempt has been made to analyse the exact thermoelastic response of a generalised infinite-length
problem in two dimensions, which is under the action of a periodic varying source of heat with one relaxation time.
The basic heat equation involves a fractional Caputo-like temporal derivative. Initially, the medium is assumed to
be quiescent and subjected to traction-free boundary conditions. The entire solution of temperature distribution,
displacement function and stress is evaluated in the Laplace transformation domain, and its numerical inversion
is performed using the Gaver-Stehfast algorithm. For A numerical investigation is done by considering copper

material properties and showing them graphically with discussion.

KEYWORDS: Fractional response, Infinite space, Source of heat, Integral transformation.

INTRODUCTION

hysical processes taking place at the microscopic
level should be taken into account because the

conventional Fourier law and parabolic heat
conduction equations are no longer accurate enough. As
a result, nonclassical theories are developed, replacing
the Fourier law and the parabolic heat conduction
equation with more comprehensive equations.
Fractional thermoelasticity, or thermoelasticity based
on the heat conduction equation with differential
operators of fractional order, is the primary objective
of this article. Memorization effects are described by a
heat equation with time-fractional differential operators.
The fractional calculus has been applied effectively in
fields such as physics, geology, chemistry, rheology,
engineering, bioengineering, robotics, etc.

Maxwell [1] in the dynamic study of gases first
investigated the finite velocities of heat distribution, i.e.,
hyperbolic form. Lord and Shulman [2] expressed the
waveform thermal heat equation with relaxation time
as well as presented the standard heat law by replacing
the modified Fourier law. Povstenko [3-5] studied the
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equation of heat conduction with derivatives of fractional
order and calculated the corresponding thermal stresses.
Zenkour [6-9] discussed generalised thermoelastic
problems under thermal shock with various boundary
conditions and explained multi-phase lag theory for
plane wave propagation. Lamba [10] determines the
stress function in a temperature-dependent FGM
cylinder by the integral transform method. Green and
Lindsay [11] presented an alternative generalization
of existing classical thermoelastic theory, and this
theory allows a second sound effect. Green and Naghdi
[12] study the thermoelastic behaviour of materials
without energy dissipation for both linear and nonlinear
theories; they also prove the uniqueness theorem, which
is appropriate for linear thermoelasticity. Ezzat [13]
investigated bio-thermo-mechanics behaviour in living
tissue based on fractional thermo-viscoelasticity with
two types of thermal loading by utilizing Kirchhoff and
Laplace transformation techniques. Kamdi et al. [14]
studied the thermoelastic problem on a thin rectangular
plate with known boundary conditions and used integral
transform methods to obtain the temperature and stress
functions, which are depicted graphically. Kumar et
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al. [15] discuss problems that depend on the concept
of generalised thermal stresses in the case of a thick
circular plate with the consideration of dual phase lag
and two temperature functions. Abbas and Youssef [16]
studied a 2D thermal problem for a porous material with
one relaxation time under the consideration of fraction
order derivatives and used the eigenvalue approach to
simplify the coupled thermoelastic equations.

Santra et al. [17] considered a half-space three-
dimensional thermoelastic problem with fractional
derivative subjected to a heat source and evaluated
thermal stresses by using the normal mode and
eigenvalue approaches, as well as illustrating all the
obtained results graphically. Gupta and Das [18]
considered an unbounded transversely isotropic
medium with a fractional derivative subjected to an
instantaneous heat source and evaluated the general
solution for the thermoelastic deformation using the
eigenvalue approach and Laplace transform, as well as
showing the result graphically. Gaurav and Kulkarni
[19] investigated the bounded spherical region for
generalised two-temperature fractional theory, obtained
an analytical solution of thermal variations in the
Laplace domain, and discussed the stability of the
assumed problem. Gaikwad and Naner [20] studied
the thermoelastic temperature and thermal distribution
of a thin circular plate for uniform internal heat
generation, and the results were evaluated using the
integral transform method. Povstenko and Kyrylych
[21] studied the fractional thermoelasticity in an infinite
isotropic plane with a line crack exposed to heat flux
loading and obtained the solution of the heat equation
using the integral transform technique. Youssef and
Eman [22] successfully studied the Fractional Order
Generalized Thermoelastic Half-space Subjected to
Ramp-type Heating. Lamba and Deshmukh [27, 28]
and Verma et al. [29] Studied the hygrothermal effect in
cylindrical body in both coupling and decoupling cases.

The present work is devoted to determining the thermal
behaviour of a generalised infinite-length problem in
two dimensions that is under the action of a periodic
varying source of heat with one relaxation time. The
basic heat equation assumes a Caputo order fractional
time derivative. At first, the medium is considered to
be at rest and subject to limiting conditions without
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traction. The entire solution of temperature distribution,
displacement function, and stresses is evaluated in the
Laplace transform domain, and its numerical inversion
is done using the Gaver-Stehfast algorithm. For A
numerical investigation is done by considering copper
material properties and showing them graphically with
discussion.

PROBLEM FORMULATION

Let us consider a generalized thermoelastic problem
of an axisymmetric homogeneous, isotropic solid
of height 2h , defined in the range 0 < r < o0, — h <
z < h under the influence of a heat source. Further, it
is considered that z-axis, as an axis of symmetry and
coordinate system, lies in the middle of the plane in
between the upper and lower plate faces. Cylindrical
coordinates (r,(,z) are used to express the system of
equations under consideration. All the quantities in this
problem are independent of coordinate ¢, it is because
of the assumption that rotation is symmetric about the
Z axis.

Thus, displacement function becomes 3; = (2,0, w) and
equations of motion becomes

4 or o%u
V-2 () -y =
" P ( Ju)".i" Yo or’ (1)
pe  oT o*w
Viw+(A+u)— - =
H ( ‘”)az " P ar (2)

The conduction of heat under the Caputo fractional
derivative of order 0 < o < 2written as [24]
o o 0
KIVT =| S 47, = |(pC,T+ 7T, e)— p| 147, —
(aﬁro 6fz)(p(h +yT,e) ,6{ +7, ar]Q(:s)
where, I* denotes the fractional integral of R-L
(Riemann—Liouville) type as

a—1
5)

1"g(n)=| G;T)g(s)ds; a>0

(4)

where, g(t) is the integrable function of Lebesgue type
and Gamma function as denoted by I'(a) for

absolu}zely continuity of g(t), one have
hm ~= &) =g'()
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in which,

k - Thermal conductivity,

T, - Relaxation time,

C, - Specific heat at constant strain,

T - Absolute temperature distribution function,

T - Medium temperature with (|T -T ) /T| <<, and e,
-Components of the strain tensor.

Caputo time derivative of a function 7(#)with fractional
order a. is denoted by D% 7'(7) and defined as

D" ‘” j(f 21 T'(r)dr, r-l<a<r
~a) ©)
The relation for Cubical dilatation e is
10 ow
e=—— (ru)+ —
ror 0z (7
For a — 1, the Eq. (3), transformed as
kV?T = o(l+z'n JQ+( +rn,\,](p( T+yT,e)
o "ot (8)

Equation (8) is the generalized heat equation with one
relaxation parameter and subjected to heat Q.

Further, when oo — 1 with t,— 0, Eq. (3) is written as

or oe
kVZT:[,oC‘—+yT —]—pQ
Lot * o )

Which the exactly same heat conduction as noted in the
coupled thermoelastic theory. The other constitutive
relations are as follows

g0 10,0
or’ ror oz (10)
ou
o, =2u—+le—(I'-1,
I luar ( D)y (11)
G
O-Jz:Ju —+t—
oz Or (12)
&%
O-Jz:Ju —+t—
o0z or (13)
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Introducing the non-dimensional variables as follows

F=cérz =céz,u =céu w=céw it =clét,

e oy, 0-T)  pro
Ty =€,¢6Ty, 0/, =—%,0= 0= T 22)
0 =650 7 H (2+24) ¢ keiyt (A 2u)
¢, A+2 A+2
52)0 ﬁ,(.']: .u’ﬁz_ )u.
k P H

¢, denotes the elastic waves propagation speed.

The system of governing equations in non-dimensional
variables, after dropping the primes written as

00 8 u
Vu— (B -1 = p
(s )g p or (14)
Oe 06 o’w
Viw+ (g -1)=- g2 E = g
(’B )82 P 0z P or? (15)
G 'Vzﬂz—[l+fg ]ﬁ O+ (_+ nfgz](6+se]
ot (16)
Also, the relations (11)-(13) written as
ou 2 2
o, =22 +(8*~2)e- 6 -
Jzzzzé_w+(32_2)e_
oz (18)
{25
O-J'Z
oz Or (19)

Utilizing eqns. (14) and (15), by using eqn. (5) we get

5 0’e
Vie-V?0 ="
ot (20)
All the assumed conditions at initial time are
homogeneous since medium is quiescent. The
corresponding boundaries are fixed as
O=f(r,t) at z=x=h (21)
”} =0at z=+h
O-,.z (22)
Solution of the problem
Laplace transform of 0 is
L[6]=6 = [e6(r,z,1)dt
0 (23)
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Also following Povstenko [3], Laplace transform of the
R-L integral is as below

Lo qi L[] >0

24

Equations (14-20) under Laplace transformation
utilizing equation (24), written as

vy r? +(ﬁz l)_ or e (25)
Vi + (g2 1) - g2 90 _ gy
oz oz

(26)

(V2 —s“ N (s+1,8° ))§ =51+ ros)(— O +se E] 27)

V0 =(V’ -s%)e

(28)
Pil _
G, =25+ (5> -2)e- p*0
or (29)
5. -2, (8 -2)e-p0
Oz (30)
o {%)
" oz or (31)
Also conditions (21) and (22) becomes
é(r)zas):j-(rnzas) E) Z:ik (32)
oc,,(r,z,s)=0,,(r,z,s)=0 , z=xh (33)

On removing ¢ from the eqns. (27) & (28) we obtain
{ ‘_y2 [sz +5% (:s‘ + ‘.,;Dsi)(l + e)J+ s
(S+70S2)}§=—Sa_l(l+70S)(V2 —sz)(_) (34)
The above eqn. (34) can be written in factorized form as
V=)V =& )} =1+ 2,5)(V? =5*)O (35
where k? and k?, denotes for the roots of

et s s e) 487 [k 45 s+ 7,87} = 0 (36)
Complete solution of eqn. (35) can be expressed as,
0=06+6,+6, 37)

here Q 1 denotes the solution of,
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(Vz—klz)é_'f =0 ; i=1,2 (38)
and é_p is the particular integral.

To find the solution of eqn. (35), we define the Hankel
transformation and its inversion of order zero w.r.t.
variable r as follows

6' =Hp)= TB_F'J(,(?}r')dr’
=0 (39)

First kind Bessel’s function with zero order is denoted
by J,

g=H"[a"]= (@0 7,00 rydn
lo°] HJG n'Jo(n'r)dn w0

Using the transform defined in eqn. (39) to eqn. (38),
we get

0

—(k} +n*)+D*16" =0 D=—
t G +n*)+ D%}, an

i=1,2

2 2

Complete integral of eqn. (41) can be expressed as,

8, =cosh(/, z)4, (7, s)(k,.2 —32]

Where /, =, hf + kf

Applying the transform defined in eqn. (39) to both
parts of eqn. (35)

W =D -12)j8, +5 1+ 2,5)(D* ~17)0 =043,

[=+n*+s’

For sake of convenience, heat source is of cylindrical
shell type is considered at r = 0 and releases heat
instantaneously at t =0 is

QO =coshz/2xr5(t)S(r)

(42)

(44)

On above equation taking Laplace and Hankel
transformation, implies

Q* (?},Z,S) =coshz (45)
On simplifying eqn. (43), we obtain the solution as,
— s (1 ros)(l —Iz)coshz

! a-ipH-1) (46)

Then on substituting (42) and (46) in (37) the temperature
distribution function is obtained as
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-3 -5 A cosh( )

i=1
s (1-17 )1+ 7,5)cosh =
(-2)a-13) 47)
Using (40), the transformation inverse of eqn. (47)

becomes,
3 (k2 — 57 )4, (1, 5)cosh(l, z)—

Iz
l+ ToS coshz , , ,
i ) : }?? Jo(n'r)dn
-22)a-i) (48)
On the same way equations (27) and (28), after removing
@ implies
{(v?. _klz )(V?.

0

|‘1 1

_kj)}é = _Sa 1(1 + fOS)Vz Q (49)
Using transform defined in (39) to above eqn. (49), we
get,
{(;D2 —!f)(}!)2 —[f)}é' +5! (1+1'c,.<>')(}1')2 —r;ﬁ)@* =0 (50)
On simplifying eqn. (50) one obtains,
. 2 s (1)1 +7,5)cosh =
& =2k A,(n,5) cosh(l, =) ( A

2 ) (-)a-1) 51y

On taking transform inversion of eqn. (51) by using
(40), we get,

= j {Zk A.(n,5) cosh(l z)—

i=1

54! (l -n )(l +7,5) coshz
-5 )a-1) (52)

Similarly applying the integral defined in eqn. (39) to
the eqn. (26) and using (47) and (51), we obtain

2
W* =sinhq,z B(n,5)+> ¢, 4,(n,5)sinh(l, z)

i=1
_ (1 + ros)sa_' sinh z

—12)a-12)
I, =\n* + B*s°

}W’Jo(??’r)d??’

(53)
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On Taking Hankel transform inverse of above eqn. we
get,

W= I{smh! zB(n,s) Z! A.(n,s) sinh(/, z)

(1+z'0k ) smhz}
- 3 3 7?"]0 7?"' d’?’
(1-22)a-1%) ') (54)

Next, applying Hankel and Laplace transformation
respectively to equation (7) and using eqns. (51) & (53)

}I(lg(rﬁ)]:

{i A (n,s)cosh(/, z)

i=1

—B(n,s)l, coshl,z—n’

A-iH(1-12)

On employing the Inversion of Hankel transform eqn.
(55) becomes

:_J'{; B(,5)coshl,z +n {Z cosh(/, z)

“!(1+7,5)cosh z}
(335)

i=1

17:—_[{! B(n,s)coshl,z+n [Z cosh(/, z)

(56)

On substituting (48), (52) and (54) in (29) to (31) stress
tensor components becomes

o

c,, :J'{ﬂ?, B(n,s)coshl,z+(n* +17)

0

2 B (1 i z’os)s“_] coshz
{z cosh(/, z) 4,(n,s) (1 7 J(l e

i=1

xn'J,(n'r)dn’

(57)
- :T{—B( ,s)(n” +1;)coshl,z — 2a°
= . (1+7,5)s“ " sinh z
[ A inh(/, z)—
|:IZ|: i ;(??:S)S (:Z) (1_322)(1_:12)
Xv’l(??'f‘)d??' (58)

September, 2023



Panke, et al

The conditions defined in eqn. (21) and (22) under computer programme word length. M =L /2, m denotes

Hankel transform written as the integer part of the (i+1)/ 2 .

6 = ]' " , z==h (59) The value of L is taken from the Stehfast algorithm
—x which converges faster and with desired accuracy.
G,,=0,,=0 , z=1h (60)

Also, to find the integrals involved in calculating
Romberg’s numerical integration technique [26] is used
subject to variable pitch size. These parts of programs
are made by using MATLAB mathematical software.

Utilizing equations (59) and (60) to find the values of
unknown parameters, as

2
k* —s*)A4.(n,s)cosh(/. h)-
;( ' ) /(11.5) ( ' ) NUMERICAL EVALUATION OF
(1+7,5)s“" (l—lz)cosh(h) T RESULTS
(1 —12)1-1?) =f The physical properties for numerical computation are
2 ! (61)  assumed as for copper material as:

2 k=386 K 'm s, | @ =178x107 K7, | p=386x10"Nm?, | 2=776x10"Nm>,
2 2 f 3
(?} +1; )Z cosh(!!. h)A:. (n,8)—21, B(?},S) C,=38300Ke 'K ', | p=89sdKam®, | ¢ =4158x10'ms ", | y=8886735m °,
i=1 1=386x10"Nm?, |7, =03 e=00168NmJ ', T, =293K,
a=l, b=1 6,=1 =4

(1417,5)s*" (* +1%)cosh(h)
(1-22)a-12) @ |

cosh/,z =

2’?2{2*’: A,(n,s) sinh(l, )+ B(n,s)(n* +q3)

i=1
255 (1 +7,5)sinh(h
cosh/;h = - (:rov)szm ( )}
1-2)a-#) (63)

To evaluate the solution of the problem we use numerical
technique using equations (61) to (63).

Inversion Method for Double Transformation

The physical solution of the supposed problem under
study is based on the inversion of the Laplace method,
but it is not analytically possible because of the complex

D@, Ly=(=1)"

S (M =n)(n—=1)1G—n)(2n—i)

Here, the value of L (even integer) is dependent of Figure 2. Displacement function along radius

mathematical analysis. So, inversion of the numerical . B |
computation method is adopted by employing the well- - g \ / '
known Gaver-Stehfast algorithm [23, 24]. A detailed \\\_ / e
explanation of the processor can be seen in Knight and 1 J,"' ki / _
Rich [25]. Gaver and Stehfast’s modified formula is as ) / } P / =
L \
F(r)= EZD(@ 1)G [;‘E ! o
A ‘) (64) [ v
[ oot
with 1 / \
mindt. M) n" (2n)! /\ b
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Figure 3. Axial Stress function along radius
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Figure 4. Shear stress function along radius
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Figure 7. Shear stress along thickness

Graphical plotting for the resultant temperature,
displacement, and stress distribution is shown in Figs. 1
to 7 along the radial and thickness directions for various
fractional parameters i.e.,a. = 0.5, 0.75, 1 ,1.5, 2.

From the numerical analysis, following important
points are noted:

» The wave propagation speed in the case of
temperature, displacement, and stress distribution
is found to be dependent and vary directly
proportional to the fractional order value of o in
both radial and axial directions. For the higher
value of a, large distribution in above plotting
is noted for temperature variation, displacement
function and the thermal stresses.

»  Physical quantities are significant affected by the
fractional derivatives for weak 0 < a < 1, normal
o = 1 and superconductivity 1< o <2 cases. Large
fluctuation in distribution is observed in the range 1
<a<2.
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*  Also, variation of field variables is also affected by
various values of the fractional derivatives.

*  Numerical analysis indicates that materials ability
of conducting heat is as according to value of
fractional parameter.

*  Variation of steady waves are also depending on the
fractional parameters.

CONCLUSION

The work done in this paper provides a better
understanding of the thermoelastic behaviour of a
2D half space of infinite length subjected to periodic
varying heat sources with time under generalised
thermoelasticity. The fractional derivative is involved
in the heat equation of Caputo type order a. Analytical
variation of the resulting temperature function,
displacement function, and stress functions are
obtained in the Laplace transform domain. Numerical
inversion is used to obtain solutions in Laplace domain
by the well-known Gaver-Stehfast method, and all the
obtained results are illustrated graphically by taking
copper material properties. From the study, it is found
that fractional order significantly affects the thermal
quantities. All the plotted curves show smooth behavior
in the range 0 < o < 1, also when 1 < a < 2 distributed
curves are strongly dependent on various fractional
values. As a case study, limiting cases for coupled
and generalized thermoelastic theory are successfully
derived with one relaxation time. Hence, the obtained
results of the study may be useful in the design of
conducting materials that are used in thermoelastic
modelling, which is a new class of applicable materials
that helps in the various designs of new structures.
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ABSTRACT

Analytical analysis is performed to study the distortion produced by thermal variation in a fixed, clamped annular
disc that is exposed to an internal source of heat. The bottom and top faces of the annular disc, as well as both its
inner and external curved surfaces, maintain the boundaries of convective interchange of heat. The fundamental
equation with the time fraction is solved using the analytical approach of integral transformation. The temperature
and heat deviation measurements that were made are calculated numerically considering the material properties of

a copper metal disc and are presented graphically.

KEYWORDS: Annular disc, Caputo-Fabrizio, Fractional operator, Heat generation, Deflection, Temperature.

INTRODUCTION

ince the last decade, the study of fractional order
Sthermoelasticity has been in great demand due

to its ability to predict the delayed response,
which is important in many physical processes and
applicable to real-world problems. Many researchers,
engineers, mathematicians, and scientists are working
hard to understand the exact phenomenon of physical
observations occurring at the microscopic level and
its application in developing structural designs. Using
fractal theory, Povstenko [6] studied one- and two-
dimensional temperature equations and discovered the
stress functions. Povstenko [7] used spatiotemporal
fractal derivatives and determined their influence on
various solids. Youssef [8] considered a modified heat
transfer equation and described a new thermoelastic
theory with fractal parameters and proved its
uniqueness. Povstenko [9, 10] determined the thermal
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stress distributions in a medium with infinite range
by considering the effect of a radial heat conduction
equation with a cylindrical cavity under fractal theory.

Ezzat [11] described the modelling of magneto-
thermoelasticity by considering the concept of fractional
approach. Ezzat [12] solved a 1D thermoelectric
problem using the analytical transformation technique
within the range of fractional elasticity. Ezzat and Ezzat
[14] explained the applications of porous materials using
fractional order thermoelasticity. In recent years, many
other researchers [18, 20 and 21] have also made an
important contribution to the study of thermal behaviour
in the development of thermoelasticity. Shaikh et al
[15] proved the existence and uniqueness criteria and
discussed the effects of Caputo- Fabrizio reaction with
nonlinear differential equations. Yepez and Gomez [16]
determined the behaviour of the nonlinear fractional
heat equation using the Caputo-Fabrizio operator. Amal
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et al [17] studied the behaviour of the Caputo-Fabrizio
differential operator for trigonometric and exponential
functions considering the nonsingular kernel. Recently,
Elhagary [19] determined the concentration effects of
the Caputo-Fabrizio differential operator in an infinite
hollow cylinder using the analytical transformation
method.

In this work, the authors are motivated to understand the
behaviour of thermal deflection in a two-dimensional
annular disc by considering the Caputo-Fabrizio
fractional differential operator. Constraints of convective
heat exchange type and the impact of an internal heat
source are applied to the assumed disc. The theoretical
formula for the transmission of heat is resolved using
integral transformations. Numerical calculation and
graphical representation of temperature and deflection
distribution along radial directions are carried out for
material properties based on copper. Such work has not
been published before and is beneficial for the creation
of structures with new material designs used in physical
problems.

Formulation of thermal equation

In this section we consider a thermoelastic disc
of thickness 2h, defined in the domain a <r<b
and < h <z < h, under the influence of the fractional
differential parameter ye (0,1) of Caputo-Fabrizio.
Heat is generated inside the disc during period at a rate
of t > 0. It is believed that the disc’s initial temperature
is arbitrary and boundary conditions for convective heat
exchange are applied to the top, bottom, and curved
surfaces.

The response of thermal deformations in the disc
caused by heat generation must be estimated under
the influence of the derivatives of the fractions and the
assumed conditions.

The differential equation of deflection function W (r,t)
in terms of thermal moment N, is written as in [3]

vip = Y Nr_
D(1-v) (1)
where
h
Ny =aE [ T(r,z,0)zd,
“h 2)
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D is the disc’s flexural stiffness indicated as

En’

D=
12(1-v7) (3)

v, E and a, are the disc material’s Poisson’s ratio, Young’s
modules, and linear thermal expansion coefficients,
respectively.

Vz — ﬁ + 1 i
o’ ror 4)
The edge of an annular disc has been fixed and clamped.
W(r=a, b)zwzm
or Q)

also, T(t=0)=W (t=0)=0

The formula for heat with the Caputo-Fabrizio fractional
differentiation and the heat source of the disc is
h t ’ o
d(vznw) =pIT 5 ye(0,1)
k (6)

where, d is thermal diffusivity and C‘;D{’V T is the
Caputo-Fabrizio fractional differentiation in range y €
(0,1) stated as [13]

EOIT =(1-7) 'j'?"(:)cxp(—;y(r —7)(1-y) ')dr, 0=y=I ™
For simplicity of use, the number of variables is listed
in non-dimensional form as:
r’:i’ zrzi’ t’:g,?"zz

b b b’ 1,
Equation (6) has the following form (omitting the prime
numbers for simplicity), using the above dimensionless
variables.

RV A A - o
ﬁ.{_lii."{+ﬁ(r""!):l‘-;DmT -
oz” k d

5

€(0,1)

or roor

®)

The Laplace integral formula for above time derivative

is defined as
: o’'T sLIT (O |-T(0
LT.| “"DI7(r) = _ [T(]-1(0)
or” S+}/(1—S)

©)

Here s is the Laplace transform parameter
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Boundary constraints

The following convective heat exchange constraints are
applied to the faces of the assumed disc:

{T+klzi}=Dl(z,t) coat r=a, t>0
r.

(10)
{I +k, } U,(zt) ; atr=b,t>0

(11
{ (;—1} Ui,y ;atz=-h,t>0

(12)

61

{ } Jumt)y catz=h,t>0

(13)
I'(r,z,t)=0, att=0 (14)

where k , k,, k, and k, are radiation constants of the
disc’s material. Further 1 (z,t), 2 (z,t), 3 (r,t) and 4 (r,t)
are the time dependent heat flux.

The problem under investigation is
mathematically in Equations (1) to (14).

expressed

Analytical solution by integral transformation

To find an analytical solution, we first apply the Marchi-
Zgrablich transformation with respect to r as in [4,
5] to equation (8), then we apply the Marchi-Fasulo
integral transformation in relation the variables z as in
[2] and use the corresponding transformed boundary
conditions, obtaining

/7 _ _
DT F ) B

2, 2
where 4, +a, =P

If we now apply the Laplace transformation defined in
(9) for the fractional derivative of Caputo-Fabrizio to
equation (15) by using the transformed constraints and
performing their inversion, we obtain

:"_1,; [ —UJIe”S".;;:/(t—u)du
l; o (16)

/
A A A : = fyand I, =
)= I‘m_ s hly =y vdlp =1, dyp”=land I ==

(15)

2

L..__]

l

3 3
1,

where, (1-7
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Finally, by reversing the integral transformation in
equation (16), we obtain

el 2ok
T= ;z)([k k, ;u)lzzu){— +[f= {f]! it u)du}(

17)
Where ¥ :%X (e, B, 40, b)) S(n1)— X ole, B pa)! (n,0),

LAQE M:qwmr),;rf—

‘P =¥+
¢, 9= 3 A

1 Al
[—f:+‘-}‘l
k )

where
1,(2)=cos( a,z){a, (¢, +a,)cos( ah)+(f - B,)sin( a,h)}
—sin(a,2){(5 + B,)cos( a,h) +(a, -, )a, sin( a,h)}

h
2= [17(z)dz

—h
here ., o, and B,, B, are constants.

Equation (17) is the desired solution to the given
problem.

Analysis of thermal deflection

Equation (2) yields the following value when the
temperature distribution value from equation (17) is
used.

N, =aF

o 1 J _
Xolky, by, pt,7) 54w+
;Z‘ ’ A {13

7 l—‘! je
l"llf\! }35 0

Assuming that the response to equation (1) satisfies (5),

W(r.t) =23 C, (0 Xk by, p1,1) = Xo (i Koy, 10,D)]
m=1

7 u)du}(z I)T!”(z)dz
" (18)

(19)
where p_ are the roots of
Xo(k, by, ) = X (ky, Ky, p1,0) =0 (20)
Now

(212
VW = [ar T+ r?r] ;n (X, Chpkeyo g, 1) = Xy (ko Ky 12, 0)] o
By using the well-known result,

0" 2
[; 2 ]X( n,umr):_#;u Xu(klakza#mr)

o ror (22)
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in equation (21), we get

Vi = Zcmﬂ:r Xo(ky, Ky, p,1)
e (23)
Also
V?-NI‘ :—ﬂpii X, (k]-,kzs M, r)_{f_
m=1 n=1 n '3
!.i' ' h
[z__ ] je-fsf-ga—u)du}(z—l)jfn(z)dz]
LoL7 )y h (24)

Equations (23) and (24) are used in equation (1) to get

Zcm ﬂ:: XU (kl H kzﬂﬂmr)

m=]

S Sk B

m=1 n=1

[f_j_l‘}slj J””_(J‘ u)du}(z 1)If(z)dz]

0 (25)
When we solve equation (25) we obtain
alE & 1 [ =
c (f)=——1 L+
0= D ;l:lfﬂi {33 v
[%—::— h‘ St - u)du}(z 1) JI (2)dz |
3 3 )0 h _| (26)

Substituting equation (26) into equation (19), we obtain

W= r_h .
= hi- 1); IL!-‘,. ] [r,; ;f]je (- u)n‘u}(z 1)]; z)d]

L Xk k) = Xtk g, D))

27
Numerical analysis

For numerical computation, disc is assumed to have
radius between r =1 to r = 2 and thickness z=h = 0.1.
Further it is considered that thin hollow disc is made up
of copper metal whose material properties are as:-

Thermal diffusivity, d = 112.34 x10°® m? s, Factor of

thermal expansion, a, = 16.5 x 10%/ K, Poisson ratio,
v = 0.35, Density, p = 8954kg/m?, Specific heat, C =
383J/(kgK).
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Fig. 1. Deflection T versus radius r for differential
fractional parameter of y

Fig. 1 depicts the temperature change for various
order of fractions values y = 0.5, 0.85, lin the radial
dimension. Temperature variation has non-zero values
in the bounded region and zero values at the inner curved
disc’s surface. Along the radial direction, temperature
increases on going towards the outer radii, and maximum
distribution is noted near the midpoint due to the action
of internal heat generation. For y = 0.5 the infinite
speed of thermal waves, propogation is obtained, and
solutions behave like coupled thermoelastic theory of
diffusion. For y = 1 the solution behaved as predicted
by the thermoelastic diffusion model. Also, for y = 0.85
the curve appears to function in accordance with the
thermoelastic diffusion theory.

Fig. 2. Deflection W versus radius r for differential
fractional parameter of y

Fig. 2 shows the variation of deflection in the radial
dimension for different fractional order values y =
0.5,0.85,1. Deflection variation has non-zero values
in the bounded region and zero values at both internal
and external surfaces of the disc, which matches the
prescribed mathematical conditions for fixed and
clamped disc conditions defined in equation (5).
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From graphical analysis, it can be seen that deflection
increases for various fractional values across the radius
dimension. The highest distribution of deflection is
observed near the exterior curved surface, this could be
a result of the effect of internal heat generating. Further,
it is noticed that variations in thermal deflection are
affected by changing values of the parameters of order
of fractions. Consequently, it may be implied that the
fractional parameters y play an important part in the
development of innovative structural materials that can
be used to solve physical concerns.

CONCLUSION

Fractional thermoelastic modelling in different solids
under boundary conditions of convective heat exchange
and heat sources is found to be more suitable for physical
observations as compared to classical heat exchange
models. The main reason for suitability is the prediction
of a retarded response, which more clearly describes
the physical phenomenon. In this investigation,
the temperature flow and thermal deflection based
on thermal moments in an annular disc have been
investigated analytically by the integral transformation
technique due to the impact of the Caputo-Fabrizio
fractional differentiation. Graphical investigations show
the strong dependency of temperature and deflection
function on the different fractional order parameters.
Thus, it can be deduced that the results attained have
a significant impact on material sciences and the
development of novel materials.
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ABSTRACT

The five main goals utility, economy, efficiency, safety, and aesthetic must all be met in a structural design and
analysis of a three-dimensional roof truss. This paper compares the economics, weight, and efficiency of tubular
and angle section structures Using STAA- PRO software, the analysis and design are carried out step-by-step
for a 30 m straight truss and curved section while taking into account all loads and load combinations. Since the
weight of the angle section is greater than that of the tubular section, In order to show that the tubular structure is

more economical than the steel structure, the findings are compared and verified.

KEYWORDS: Purlin, Space truss, Geometry, Tubular section, Angular section.

INTRODUCTION

pace trusses structures are a useful resource for
S architects and engineers looking for innovative

forms due to their wide variation and flexibility.
Over the past decades, the popularity of this style of
construction has increased because space trusses
can combine light weight and easy assembly with a
beautiful appearance. It should be simple to build and
maintain. As a consequence, constructions end up being
large or unsuccessful because of heavy cost of material,
time duration of construction, and durability for the
structure. To overcome this problem in the space trusses
we study on the space truss member and also if space
truss shape is take as inverted what are the most possible
outcomes for this?. The three dimensional inverted
truss shape not only provides excellent results while
saving money and adding the least amount of weight,
but it is also a straightforward geometry for analyses
and designs. For effectiveness, utility, and aesthetics,
different three-dimensional geometries can be made for
roof trusses in today’s modern world. In an addition to
inverted shape truss to reduce tonnage (weight) tabular
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section is used in exception of angle section, a tubular
structure is lighter and more aesthetically pleasing,
economical than steel angular section. As a result, it
is more affordable than options. In this, as sheets are
stacked on top of members, weight is transferred from
the members to the joints.

To Identifying a square-based inverted pyramid in
all three dimensions for the top structure will help to
analyze and design for angle section and tubular section
regarding weight and expenses. Discovering the ideal
span while keeping the building’s number of supports
as low as possible was necessary. Hence the length 30m
is selected for study.

RESEARCH GAP

In this study, we use an inverted shape for the space
truss. The impact of removing the roof truss purline was
taken into account in the analysis and design of a three-
dimensional geometry square-based inverted pyramid.
In addition, we used ball bearing connections for better
stability and flexibility. To lower more costs tabular

sections are used as a material.
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Aim and Objective of Project

The primary goal of this review is to investigate inverted
pyramid-shaped roof trusses in both straight and curved
forms for a range of spans:

1. Analysis of inverted pyramid shape for roof truss.

2. Analysis of Design members for angle and tubular
section.

3. Finding out actual cost saving.

4. Comparison for weight and cost for both sections.

METHODOLOGY

1. Identifying a shape and dimensions of inverted
truss structure with the help of 3D VIEW.

2. Analysis of truss by manual calculation of different
forces, behavior of forces compression.

3. Software validation for static loading (For known
results): Software calculation Analysis of trusses
using STAAD-PRO software by Finite Element
Method. STAAD-PRO software is chosen for the
further analysis of the truss.

4. Wind Analysis of this truss carried out by using
the STAAD-PRO software by the considering all
loading, wind loading and load combination of
these.

5. Weight comparison for the both the trusses.
METHODS OF ANALYSIS

Following are the various methods used for analysis in
general

1. Finite Element Method

2. Moment Distribution Method

3. Displacement or Stiffness Method
4. Force Flexibility Method.

Finite Element Method

The finite element method (FEM) or finite element
analysis (FEA), is a numerical method for solving
problems of engineering and mathematical physics.
Typical problem areas of interest include structural
analysis, heat transfer, fluid flow, mass transport, and
electromagnetic potential. The analytical solutions
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of these problems generally require the solution
to boundary value problems for partial differential
equations. The finite element method formulation of
the problem results in a system of algebraic equations.
The method yields approximate values of the unknowns
at discrete number of points over the domain. To solve
the problem, it subdivides a large problem into smaller,
simpler parts that are called finite elements. The
simple equations that model these finite elements are
then assembled into a larger system of equations that
models the entire problem. FEM then uses variation
methods from the calculus of variations to approximate
a solution by minimizing an associated error function.
Various types of finite element methods: - Applied
Element Method, Generalized finite element method,
mixed finite element method, Spectral element method,
etc. Application: - A variety of specializations under
the umbrella of the mechanical engineering discipline
(such as aeronautical, biomechanical, and automotive
industries) commonly use integrated FEM in design
and development of their products. Several modern
FEM packages include specific components such as
thermal, electromagnetic, fluid, and structural working
environments. In a structural simulation, FEM helps
tremendously in producing stiffness and strength
visualizations and also in minimizing weight, materials,
and costs. Here we used FEM based software stadd pro
software validation and analyze the inverted roof truss
for straight and curved shape.

Geometry

This is three dimensional inverted geometry in X, Y, Z
direction. As a result of the elimination of the purlin,
the design is a pyramid that has been inverted. This
STADD- PRO application is employed to carry out
this. The impact of removing the roof truss purlin was
taken into account in the analysis and design of a three-
dimensional geometry square-based inverted pyramid.

Dimensions for 30m curved Geometry
e Height:- 5Sm
e Length :- 30m (clear span)

These Square based pyramid of 1 X1 squares with
height 5m are design and analyzed for 30m. A curved
and straight truss of square based inverted three
dimensional (pyramid) shape analysis and design for
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angle and tubular section is done in following way
using STAAD-Pro V8i. the geometry for the shape is
shown in the Fig 1, 2.

Material

e Angle Section :-Angle sections are used in the
inverted roof truss as followed 1. ISA 75X75X10,
2.ISA 130X130X12, 3. ISA 150X150X15

e Tubular Section :- Tubular sections are used in the
street inverted roof truss as followed

1. TUB 75754.9

Figure 1: Front View for 30m curved roof truss

Figure 2: Front View for 30m straight roof truss

Figure 3: 3D View for invented truss having tabular
section as material used

Loading calculation
i) For 30 m straight (inverted truss)
Loading Calculations

This includes three types of loading live weight, wind
load, and dead load
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Dead Load

Weight for sheeting including laps and connectors =
100 N/m? Projected area =5 X 30 = 150 m?, Dead Load
= Projected Area X Weight of sheeting = 150 X 100
= 15000 kN

D. L. at each point = 0.234 KN

Live Load
Rise (h)=1.12m, Length / Span (1)=30m Tan 6 =1.12
/30 0=2.13

According to IS 875 Part II Live Load = 750- (6— 10) X
20 =0.907kN

Live Load = 136.05kN, L.L. at each point = 2.12 KN
Wind Load

IS 875 Part III Basic wind velocity data in the vicinity
of Pune Vb =39m/s k1= 1.0, k2 = 1.0 for category 2,
class B, k3= 1.0 Intended wind speed Vz=Vb xkl x
k2 x k3 = 39x1x1x1 = 39 m/s. Planned wind speed Pd
=0.6 X (Vz)2=0.6 X (39)2 =912.6 N/m2 Total wind
pressure = Pd X (Pe + Pi) =912.6 X (- 0.8-0.5) =-1.186
kN/m2 Wind Load = 177.8 kN, W.L. at each point =
2.77 KN, Loading of truss on each joint is tabulated in
Annexure C

ii) For 30 m Curved (inverted truss)
Dead Load

Weight for sheeting including laps and connectors =
100 N/m? Projected area =5 X 30 = 150 m?, Dead Load
= Projected Area X Weight of sheeting =150 X 100 =
15000, D.L. at each point = 0.375 KN

Live Load

Rise (h) =4.78m Length / Span (1) = 30 m According to
IS 875 Part II Live Load = 0.75 — (0.52X y2)=0.75 —
(0.52 X (h/1)2) = 0.75 — (0.52 X (4.78/30)2) = 0.746kN/
m2 = 111.9 kN, Live Load = 111.9 kN,L.L. at each
point =2.79 KN

Wind Load

According to IS 875 Part III, Basic wind Velocity near
Pune city Vb =39m/s k1 = 1.0, k2 = 1.0 for category 2,
class Bk3 = 1.0 Design wind speed Vz = Vb x k1 x k2 x
k3 =39x1x1x1 =39 m/s Design wind pressure Pd = 0.6

X (Vz)2 = 0.6 X (39)2= 912.6 N/m>.
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Total wind pressure = Pd X (Pe + Pi ) =912.6 X (-0.8-
0.5) =-1.186 kN/m2, Wind Load = 177.9 kN, W.L. at
each point = 4.44 KN Loading of truss on each joint is
tabulated in Annexure C.

Loading at each point for 30m straight and curved roof
truss

Table 1:- Loading At Each Node for Angle and Tubular
Section

Tode, et al

MaxY 27 6.259 31 113.504
MinY 27 -14.408 31 -117.432
Max Z 40 12.625 75 453.271
Min Z 39 -12.625 75 -453.272
Max rX 35 0.006 108 0.105
Min rX 36 -0.006 75 -0.105
MaxrY | 104 0.001 22 0.028
MinrY | 103 -0.001 22 -0.028
MaxrZ | 108 0.004 131 0.015
Min rZ 10 -0.004 22 -0.015

Type of Dead Load | Live Load | Wind Load
Truss (kN) (kN) (kN)
30m straight 0.234 2.12 2.77
roof truss
30m curved 0.375 2.79 4.44
roof truss
8 =
mDead
45 + Laad
x4 ) (k)
35 -+
E 3 4 W Live Load
= 1 (KM}
5 25 KH
g ]
13 1 = Wind
1+ Load
05 4 (L]
o -

30en straight roof truss 30m curved roof truss

Graph 1:- Loading At Each Node for Angle and Tubular
Section

Design of members

Support:- These are fixed at node 112, 113, 114, 210,
211, 212. Taken in the straight inverted ruff truss this
member is act as fixed support in the truss. The sectional
properties for angle and tubular section are given below.

POST PROCESSING RESULT

Node Displacement

Table 1:- Nodes and Displacement for 30m Straight and
curved for (Tubular Section material) Inverted roof truss

30m | 30m Straight | 30m 30m curved
Straight | tubular truss | curved | tubular truss
tubular | Displace- tubular | Displace-
truss ment (mm) truss ment (mm)
Nodes Nodes
Max X 108 3.849 130 38.391
Min X 10 -3.849 1 -38.391

Vol. 46

Special Issue,

www.isteonline.in

Table 2:- Nodes and Displacement for 30m Straight and
curved for (Angle Section material) Inverted roof truss

Node | Displace-| Node | Displace-
ment ment
(mm) (mm)
Max X 108 3.984 130 43.300
Min X 10 -3.984 1 -43.300
Max Y 27 5.361 31 50.529
MinY 27 -13.221 31 -122.040
Max Z 40 10.978 108 283.588
Min Z 39 -10.978 75 -283.588
Max rX 82 0.004 108 0.066
Min rX 83 -0.004 75 -0.066
Max rY 104 0.001 22 0.018
MinrY 103 -0.001 22 -0.018
Max rZ 109 0.003 158 0.014
Min rZ 1 -0.003 110 -0.014

Beam End Forces

Table 3:- 30m Straight and curved Angle truss beam end
forces

Max Axial Force .
(kN)Max Shear Max ?:]E}I,Fume
Force Max e ,
) Max Shear Force / Max
Beam Node Bending ]
Bending Moment
Moment(kNm)
(kNm)
(for curved (for Straight Angle section)
Angle section) ANg !
Max Fx 337 178 242,060 455,550
Min Fx 248 3l -279.455 -274.116
Max Fy 338 130 166.707 19.514
Min Fy 337 1 -166.707 -19.514
Max Fz 31 1 18.351 21,488
Min Fz 31 1 -18.351 -21.488
Max Mx 337 1 32352 5086
Min Mx 337 1 -32,352 =5.086
Max My 337 178 88.131 166.369
Min My 337 178 -88.131 -166.369
Max Mz 337 178 1151.636 114,187
Min Mz 338 179 -1151.636 -114.187
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Table 4:- 30m Straight and curved Angle truss beam end
forces

Max Axial Force(kN)/ Max Axial Force
f (kMY
Max Shear Force / Max
; Max Shear Force / Max
|Beam Node Bending Moment .
Bending Moment
(kNm) (for 30m curved .
. (kNm) {for 30m straight
tabular section) .
tabular section)
Max Fx  [337 178 240,076 442,694
Min Fx WO 31 -153.965 -277.336
Max Fy  [338 130 149.976 33.761
MinFy 37 1 -149.976 -33.761
Max Fz |31 1 26,183 21.660
MinFz  [31 1 -26.183 -21.660
Max Mx  [337 1 32426 3.722
Min Mx  [337 1 -32.426 -3.722
Max My [337 178 83.612 167.232
Min My [337 178 -83.612 -167.232
Max Mz [337 178 1026068 109.476
Min Mz [338 179 -1026.068 -109.476

Comparison of total weight of angle and tubular section
for straight and curved inverted pyramid shape geometry
is done with the influence of removing purline. The
inverted pyramid for roof truss is analyzed and design
for 30m span, for straight and curved geometry. The
total weight is compared of angle and tubular section
for straight and curved geometry for the given span. It
is found that tubular section has less weight compare to
angle for all spans and the actual saving of material is
about 25-30% by weight. Total weight for angular and
tubular section for different is as follows.

Table 6: Weight for different span

Weight (Kg) Weight (Kg) for
Span (m) For one span of 30 m Complete structure of 4span
Angle section Angle SECTION
ISA T5XT5X10 - ISA T3XT3X10 Tubular
18A 130X130X10 Tubular SECTION 1SA130X130X10 SECTION
ISA1S0X150X15 ISA150X150X15
30m Straight 154 55 616 220
30m Curved 84 E)| 336 124
0y 4
600 4
500
Fa
o 400 +
= 300
=]
& 200 4
=
100 4
o+
Straight Curved
B FOR 30 M 5PAN B FOR 30 M 5PANZ
®FOR 4 SPAN OF 30M EACH W FOR 4 SPAN OF 30 M EACH

Graph 1:- Graph of Weight different
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CONCLUSION

After analysis and design following conclusion are
obtained.

1. As we use the inverted pyramid shape geometry for
roof truss with the influence of removing purline
decreases the weight of structure.

2. This is designed for angle and tubular section to get
light weight structure with its pleasant appearance,
safety and minimum maintenance.

3. These are analyzed and design for straight and
curved geometry of which straight geometry
required more members for their minimum
deflection than curved roof truss.

4. It also proves from the graph that the inverted
pyramid geometry with removal of purline gives
good result for long span structure.

5. It also proves that tubular structure is lighter than
angle section.

6. Saving in steel by 35-40% by using tubular section
for curved roof truss.

7. Hence this inverted pyramid shape is designed with
tubular section for long span of curved roof truss
gives better result and can be used.

8.  Wind load is critical for the trusses so here seismic
forces is negligible and not in consideration.
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ABSTRACT

One of the most frequently utilized building materials worldwide is steel. Steel’s inherent hardness, ductility, and
strength make it the perfect material for earthquake design. The design engineer must be aware of the pertinent in
order to take advantage of these benefits for seismic application. Based on IS 1893: 2002, IS 875 and IS 800:2007,
the building frame’s seismic and wind depth sign is offered in this project. The current work’s objective is to design
a multi-story, wind force in accordance with IS 1893:2002 and IS 875 before constructing it in accordance with
IS 800:2007. The frame has eight pieces. There are four horizontal bays and five lateral bays on this building’s
four stories. Using these methods of analysis, a steel moment- resisting frame was created in accordance with IS
800:2007. The section underwent multiple design iterations to ensure that it met all the requirements outlined in
IS 800:2007. The proposed frame was once more examined, and the outcomes in terms of the bracings used were
compared. Both the RCC and the Steel building’s cost-effectiveness have been compared., Finally, the calculations
for the depth sign of connection between a joint’s interior and exterior have been completed. In addition, the
foundation’s design, which comprises the base plate, there are four horizontal bays and five lateral bays on this
building’s four stories. Using these methods of analysis, a steel moment resisting frame was created in accordance
with IS 800:2007. In the procedure, IS 800:2007 was followed. The statistics have been drawn, and pertinent
calculations have been displayed.

KEYWORDS: Lateral displacement, Base shear, Response spectrum analysis, Steel building, Bracing, lateral
displacement, Wind load.

INTRODUCTION
Seismic analysis and design refer to assessing a

[2]. The static analysis method During the design
process, engineers will consider various factors such
as the building’s location, soil characteristics, seismic
hazard levels, and building codes and regulations The
aim is to ensure that the building can withstand the

building structure’s response to earthquakes and
designing it to withstand seismic forces [14].

Multi-storey buildings are particularly susceptible to
seismic hazards, and designing them requires careful
consideration of structural stability, strength, and
ductility. Involves evaluating the building’s strength and
stability under static loads, while the dynamic analysis
method involves assessing its response to earthquake-
induced loads. In the case of a G+8 steel building, the
analysis and design process will typically involve a
combination of static and dynamic analysis methods
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maximum anticipated seismic forces while minimizing
damage and ensuring occupant safety [2].

The design process also involves selecting appropriate
building materials, structural components, and
connections such as steel moment-resisting frames,
braced frames, and steel plates. These elements are
designed to dissipate energy during an earthquake,
which helps to minimize damage and reduce the
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likelihood of collapse [22]. Overall, seismic analysis
and design of multi-story G+8 steel buildings require
careful planning, analysis, and design to ensure that the
building can withstand the forces of earthquakes and
keep occupants safe.

According to past experience, steel buildings that are
susceptible to earthquakes respond well. The majority
of catastrophic failures and significant casualties are
related to structures composed of other materials. This
might be explained by a few distinctive qualities of
steel construction [19].

Figure 1 : Steel building with bracing

There are two ways to fight back against the
earthquake:[28]

1. Structures with enough big sections that are only
exposed to elastic stresses

2. Composed of smaller pieces, structures intended to
create a variety of plastic zones.

Need for steel buildings in India

Without a doubt, due to the high population density,
particularly in metro areas, horizontal construction
has been restricted, and it is difficult to find real estate
that is sufficiently spacious. Due to a lack of available
space brought on by the exponential population growth
in urban areas, higher structures with more floors are
now the norm, which emphasizes the need for quicker
construction. High- rise buildings are increasingly
being constructed out of steel. There are not many
high-rise or multi-story buildings in India that are made
entirely of steel or largely of steel; in fact, they might
even be considered a “novel concept in the construction
business.”
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Objective 1. To determine and assess the responses
of the compression and flexural members to seismic
loading.

Using spreadsheets for compression members, flexural
members, and bolted connections as well as the
software’s analysis outcomes, design, and analysis of
steel buildings.

Comparison of costs In-depth comparison of the cost
per square meter of reinforced concrete and steel-
framed buildings.

LITERATURE REVIEW

Seena S.K., Vasugi D.A. (2017) In this paper was
studied mostly due to their capacity to produce large-
span space at reasonable prices. The pre-designing and
pre-fabrication quality, as well as the lightweight result
and economically sensible component, all contribute
to the extremely complex process used in PEB. The
truss chord members in this study are created using
SAP 2000-18 for a variety of sections, including ISLC/
ISA, UB/UC, and SHS. For the purpose of designing
industrial buildings, the most cost- effective truss chord
sections are used. As a result, industrial buildings are
built with various bracings, including X-, diagonal-,
and k-bracing, to carry out wind analysis. The PEB
structure for the same parameter is then compared to the
best optimal structure. When PEB is the desired design
for a project, it is discovered that PEB with K-bracing is
most suited when both economic and technical analyses
are considered simultaneously. This includes diagonal
bracing and k-bracing.

Sangle B.K., Mhalungkar M.V. (2012) In this paper
studied Bracing can significantly alter the overall seismic
behavior of a steel-framed building, as was explored
in this research. In this study, various bracing system
configurations for the Northridge earthquake are done.
A new pattern of bracing system is used to determine
below the permitted limit, further optimization study
was conducted to choose the appropriate sort of bracing
arrangement. The study’s structures had various bracing
system layouts and those that didn’t Balaji U.A.,
Salvarsan M.E. (2016) residential building studied
while taking earthquake effects into account. Analysis
that is linear, static, and dynamic is done. The authors
looked at deflection, displacement base shear plots, etc.
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The three approaches used by the authors to design the
earthquake, EQ (Earthquake), The authors also adhere
to a step-by-step process. Definitions, design seismic
base shear, load combinations, material qualities,
and definitions like M25, M30, Fe 415, column size,
slab thickness, LL (Live load), DL (Dead load), and
the number of stories is just a few. f) Design and
analysis. Max. Deflection displayed in fig., the author’s
conclusion.

Gaikwad P.S., Prof. Tolani K.K. (2015) The basic
goal minimizes structural during an earthquake. It
is decided on factors like story drift, story shear, and
story torsion. Dynamic analysis should be carried out
for both symmetrical and unsymmetrical buildings,
depending on whether the response spectra, technique,
or time history approach is being employed. The
mathematical model of a building is being developed in
dynamic analysis, and strength and stiffness are being
determined. Additionally, it exhibits a greater reaction
to structures under dynamic loads.

Sasaki M.K., Michio Y.S. (2004) The loss of vertical
structural members caused by explosions and crashes
has an impact on the redundancy of steel frame
structures, according to this paper’s analytical analysis.
Because the vertical loads can be spread among
the remaining vertical structural members, it was
discovered that steel structural frames constructed
with joints with load-carrying capability will stay
standing even when multiple vertical load-carrying
components are destroyed. This study examined how
actual Japanese high-rise steel buildings responded to
unexpected external forces (Loss of Members). For the
experimental investigation, it is conceivable to shift the
loads that failed columns bore and to inhabit the space
left by the missing column when the remaining frame
components have a stiff joint structure. even if some
columns are gone, there is progressive collapse.

Bayan A.A., Sariffudin S.M., Hanim O.M. (2010)
An experimental study of cold-formed steel frames is
presented in this work. were joined back-to-back at the
joints. The author used 10 frames, and experiments were
conducted with CFSS and bolted moment connections
of varying stiffnesses under lateral loads (cold-formed
steel structure). The stiffness and performance of
the connections at the base of the columns had a
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considerable impact on the structural behavior of the
frames, according to the authors. The two independent
modes of failure that he notes are: (a) the column
twisting under a heavy load; and (b) bearing failure in
the section web near the bolt hole.

Cher S.T., Mahmood M.T. (2015) The behavior of joints
for cold-formed steel frames, especially the connection
between the beam and the column, has not been well
investigated, according to the author’s research. The
isolated joints test for three deference is presented in
this study. experimenting with bolted angle joints with
angles ranging in thickness from 2 to 6 millimeters WC
(web cleat connection), FC (flange cleat connection),
and FWC are the connections the author has utilized
(flange web cleat connection). The author looked at
how to angle connections affected strength and stiftness
in a steel structure.

Prof. Kulkarni B.K., Jirage S.R. (2011) This essay
compared the working state method (WSM) to the
local state method (LSM) (limit state method). Linear
members known as tension members experience axial
stresses that result in a crucial area, leading to failure.
Angle tension member for both equal and odd angles.
In comparison to the operating stress approach, the
limit state method produces greater values. It is more
cost-effective to design tension members utilizing the
Angles by Limit state approach

Milind B.K., Milind. D.S. (2014) Learn the most
cost-effective tool that makes the best use of steel by
studying this paper. We are familiar with the structural
elements and parts utilized in pre-engineered buildings.
There are several different kinds of components,
including primary, secondary, and sheeting. For low-
rise buildings, preengineering is more cost-effective
than CSB (conventional steel construction). The roof
structure of a PEB (preengineered building) is nearly
26% lighter than a CSB. The price of a PEB building is
30% less than that of a CSB construction. Neha Pawar,
Kuldeep Dabhekar, P.B. Patil, Isha Khedikar (2021) In
this paper was one of the studies reviewed in this paper
suggested that the inclusion of triangular plates beneath
floating columns can result in increased base shear and
decreased storey drift and displacement. However, there
is scope for further research to explore the impact of
stiffness irregularities and torsional irregularities on the
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behavior of floating columns. Additionally, most of the
literature reviewed in this study focused on rigid floor
diaphragm action, so it would be valuable to analyze the
same buildings with flexible floor diaphragms. Finally,
the use of fiber Reinforced Polymer (FRP) could also
be examined to evaluate the structural response of
buildings with floating columns.

Yogesh Dhamge, Dr. Sanket Sanghai. (2021) In this
paper study, Analytical time history is used to determine
the structural response of RC structures with an unusual
G+10 floor that lacks the cross- bracing integration
system, which is an effective way of concentrating
forces. TABS 2016 is the program employed for
analysis, examining the impacts of various model
configurations, including narrative shifts, multi-story
shear, and multi-storey rigidity.

Ambadkar S.D., Prof.Pajgade (2012) In this Indian
study, the analysis, of a structure’s whole life cost
(WLC) is calculated, which considers both current
and future costs. This provides a more thorough and
accurate assessment of the price tag attached to owning
any structure. As a result, there is a general trend toward
utilizing LCC as a metric for choosing the optimal option
and a rise in awareness of the durability component of
buildings on a global scale. The decks are compared to
the LCC of RCC industrial structures in this study.

Khaleel M.T., Kumar U.D. (2016), Using the computer
program ETABS 2015, the steel braced frame’s response
to equivalent static analysis and response spectrum
analysis was studied in this work. A bracing system is a

practical approach to improving lateral strength.
regularly and irregularly distributed systems are
attempted. To determine the best bracing system for
steel-framed high-rise structures, various bracing
systems were tested. ETABS is used to simulate and
analyze the structure, and sections are chosen depending
on how well they can limit lateral story displacements.
Zone V, according to IS 1893-2002, has been chosen
for the investigation. Numerous variables, including
Because of the higher stiffness. When compared to
a building without lateral load bracing structures.
Utilizing a bracing system makes the structure stiffer
and draws in more lateral force.

www.isteonline.in Vol. 46

Special Issue,

Mahurkar, et al

METHODOLOGY

The compression and flexural member’s behaviors
when subjected to earthquake loading.

Using an Excel spreadsheet for reinforcement bars,
flexural representatives, and bolted connections as well
as the results of the analysis from the software, design
a steel structure.

Cost analysis: Order to accurately determine the
comparison between reinforced concrete and steel bay
frame buildings.

CONNECTION DETAILS

Various connections of steel buildings are connected
by welds, bolts, rivets, or a combination of these. In
the MSB structure, a bolted connection is used. For
connection high strength structural bolts are used
as per IS 3357:1985 high strength structural bolts -
specification, IS 6623:2004 high strength structural
nuts — specification, IS 4000:1992 High strength bolts
in steel structure — code of practice, and for anchorage
bolts connection as per IS 5624:1993 for foundation
bolts — specification.

[ NN

e

/H"""q.. 7 — LA MLE

Figure 2. Column to Beam connection

Figure 3. Beam to Beam connection
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THE LAYOUT THE OF FLOOR WITH Nos Sections
MEMBER PROPERTY 1 ISHB 150 @34.
i 1 ] i 1 o 1 8 2 ISHB 225 @ 46
3 ISHB 300 @ 63
2 3 3 3 2 Figure - Secondary Beam 1st to 7th-floor
— 1 - ] " Nos Sections
T 1 ISHB 200 @ 40 Kg/m
2 3 3 3 2 2 ISHB 250 @ 54.7 Kg/m
& 1 1 5 1 - 1 + 1 8 Figure - All Secondary Beam for
2 3 3 3 2
1 1 L 4 All Secondary Beam for
[} e o b ol . | 1" 1o
T floor is ISHB 200 (@ 40
2 3 3 3 2 Kg/m
| - 1 1 1 8
T All Secondary Beam for the
Roof1s ISHB 150 (@ 30.6
2 3 3 3 2 Kem
1
] . e ! n——1—l~ ]
% 1 - 1 - 1 - 1 g
¥ ¥
1 2 2 2 2
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¥ 3
1 2 2 2 R
b3 1 = 1 o] b L | ¥ _ - ot *
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* #
L S ] , ,
Height (each floor ht. 3m) | Sections
" 2 ..,I 2 PL to 3rd floor Built-up
: l F 3rd to 6th floor ISHB 350 @ 72.4 Kg/m
% o oo ) 6th to Roof ISHB 250 @ 51 Kg/m
Bracing ISB 172x92x4.8 @ 18.71kg

Figure 4- Main Beam for Roof
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Figure - Elevational view a
Built-up Section property
- Total depth = 520mm
- Top and bottom flange width = 280mm
- Web thickness = 12mm
- Top and bottom flange thickness = 12mm

DESIGN OF G+8 STOREY STEEL
BUILDING

Compression Member Design

Grouping Height Required Load Section Provide Load
C1to C30 0-6m 2250 Built-up section 2570.33
C1to C30 6=15m 1670.74 ISHB 400-2 178663
C1to C30 15-24m §49.71 ISHB 250-1 114252

Flexural Member Design-

a) Main beam and secondary beam

Grouping Beam no Section
FLOOR MB
A B=6,7,89,10,11,12,1 15 ISHB
3,14,15,16,17,18,19,20 300@63 kg
B B=1,2,3,4,521,22, 10 ISHB
23,24 25 225@46.8kg
C B =26, 27, 28, 29, 30, 24 ISHB
31, 32, 33, 34, 35, 36, 150@34.6kg
37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48,
49

www.isteonline.in Vol. 46 Special Issue,

2 | FLOOR SB SB 1 to 40 40 ISHB 200 @
40kg
3 |ROOF MB
B=6,7,38,09, 10, 11, 15 ISHB
12, 13, 14, 15, 16, 17, 250@54.7kg
18, 19,20
B |B=1,2,3,4,521,22, 34 ISHB
23, 24, 25, 26, 27, 28, 200@40kg
29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 4o,
47,48, 49
4 | ROOF SB 1 to 40 40 ISHB
150@?34.6kg

Bracing System Design:

For both seismic and wind models the tubular bracing
system is used of size = ISB 172x92x4.8 @ 18.71 kg

Bolted Connection

“Black bolts” to connect the column to the beam and
beam to column and “J” type anchor bolt to connect the
column to the two bases.

Deck Sheet Details

e Slab depth, (concrete thickness of M20) tc = 80mm
e Ribdepth, hr =50 — 52mm

e Rib width top, wrt = 180mm

e Rib width bottom, wrb = 90mm

e Rib spacing, sr =270

e Deck shear thickness =1.5mm (thickness varies
from 0.8 to 1.5mm)

e  Shear stud diameter = 19mm
e Deck unit weight = 0.11 KN/m2
e  Shear stud Height, hs = 100mm

e Oneway is contribution of all slabs; provision of
Secondary beam with perpendicular to the
4 meterss span at ters, respectively.

e The slab’s placement is parallel to the 3.5 meters.

e  Maximum deck sheet laps in vertical and horizontal
directions are 150mm and 90mm, respectively. The
Rebar lap distance is 50 times the bar diameter.
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e The minimum cover is 100mm and the maximum cover is 300mm for the rebar main and distribution.

f—=F50 | 270—1
—270——
| 840 I
Figure 7.1 - Deck sheet dimensions
QUANTITY ESTIMATION
Sr. . Member Property No. Length Weight  Total length Total
no. Quantity
Kg/m m kg
1 Column .~ BUILTUP | 30 6 99475 180 17905.5
' ISHB4002 30 9 82.2 270 22194
ISHB 2501 30 9 51 270 13770
63869.5
' BEAM at Roof
. Main beam . ISHB2002 10 4 40 40 1600
' | ISHB 2002 24 35 40 84 3360
ISHB 2502 15 4 54.7 60 3282
' b.Secondarybeam = ISHB 1503 | 40 35 346 140 4844
. | . _ . | e
3 Floors 1 to 7
" a. Main beam ISHB 1503 24 35 34.6 84 2906.4
ISHB 2252 10 4 468 40 1872
ISHB 3002 15 4 63 60 3780
8 | . _ . | .
Secondary beam
ISHB200-2 40 35 40 140 5600
' ' ' |  89108.8
4 Brace | ISBI72X92X 96 5 18.71 480 8980.8
4.8 5508.224
64 4.6 18.71 294.4
(herall, the Weight Of sieel (K 1) I760563.32
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* Building’s total built-up area is 280 square meters
or 3014 square feet.

*  According to the price of structural steelwork per
kg, which is 56.344 Rs, the total weight of steel
is 180553.324 kg. The total cost of the steel is Rs.
1,01,73,100. The required amount of steel is 6.656
kg/square foot.

*  Deck sheet slab for PIL52/271 per m2 and 450 Rs.,
according to recent market rates. In this building,
the total slab area is 2240 m2 (280 m2 x 8 floors).
10,08,000 Rs. total will be spent on the deck sheet
slab.

e The amount of PCC over the deck sheet slab is 22.4
m3, and the cost per m3 as stated in the DSR is
4466 Rs. 8,00,310 Rs. is the total cost of filling a
PCC.

CONCLUSION

The Angle form bracing and Tube shape bracing in the
structurelessenlateral displacementorjointdisplacement
brought on by wind load effects as compared to multi-
story steel buildings without any bracing. This study
demonstrates that the Type 3 type of angle bracing
offers the least amount of lateral movement when
compared to other angle bracing models. Additionally,
the Type 3 Tube Bracing Model offers the least degree
of lateral movement in comparison to other tube bracing
system models. Furthermore, it has been observed that
steel-framed structures with tube bracing display less
joint displacement than traditional structures. A further
benefit of tube bracing over angle bracing is that it
makes steel structures lighter. Joint displacement and
dead load are greatly improved in a steel structure with
tube bracing, the entire structure.
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ABSTRACT

This research investigates the impact of friction dampers on the management of uneven building seismic response.
The study’s main goal is to comprehend how well friction dampers can reduce the dynamic response of irregular
structures to earthquakes. Through a literature review and numerical simulations, the behaviour and performance
of friction dampers in various irregular building configurations are analysed. The evaluation includes majorly
interstory drifts, base shear forces, and floor accelerations. The findings contribute to the knowledge of seismic
response control in irregular buildings and provide insights into the potential benefits and limitations of friction
dampers in enhancing their seismic resilience. The research aims to improve design practices for irregular buildings
in seismic-prone regions, promoting their safety and reliability.

KEYWORDS: Inter-story drift, Friction dampers, Story acceleration, Base shear, Time history analysis, Seismic

zone.

INTRODUCTION

n earthquake is a natural phenomenon
Acharacterized by sudden, intense vibrations

in the Earth’s crust, caused by the release of
accumulated energy along faults. Its impact on the
built environment and human lives can be devastating.
Earthquakes result in ground shaking that damages
structures, infrastructure, and lifelines like roads
and bridges. They can trigger secondary hazards
such as landslides, tsunamis, fires, and aftershocks,
compounding the destruction. In recent years, there
has been an increased focus on the behaviour of
unsymmetrical buildings under dynamic loads in
structural engineering.

These structures, with varying geometries or masses on
either side of the centreline, exhibit unique responses,
posing challenges for analysis and design. To mitigate
the adverse effects of dynamic loads, including
seismic forces, incorporating friction dampers into the
structural system has proven effective. Friction dampers
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are devices that reduce seismic movement and protect
structures. They absorb and dissipate seismic energy,
enhancing the building’s stability. These dampers
are particularly useful for unsymmetrical buildings,
as they can counteract the uneven forces generated
during an earthquake. By providing additional strength
and stability, friction dampers help minimize damage,
increase the likelihood of structural integrity, and
safeguard occupants’ safety. The integration of friction
dampers in building design has become crucial in
regions prone to earthquakes. Their implementation
reduces repair costs, increases resilience, and
safeguards against escalating seismic activity. Growing
in popularity in the field of structural engineering as a
result of their efficiency in regulating structural reactions
to dynamic loads. By mitigating the detrimental effects
of earthquakes, friction dampers contribute to safer and
more sustainable built environments

FRICTION DAMPERS

Friction dampers are devices widely used to dissipate
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energy and reduce vibrations in various engineering
applications, including wind turbines, bridges, and
buildings. These dampers rely on the principle of
frictional resistance to control the seismic response of
structures. By dissipating energy through controlled
slip between surfaces, friction dampers can effectively
mitigate the damaging effects of seismic events, im-
proving the overall performance and safety of building.
The use of friction damper for irregular building
responses management has grown in popularity in
recent years. By creating friction between two surfaces
that are in contact, these dampers are intended to
lessen the amount of seismic movement that a building
experiences during an earthquake. Friction aids in
absorbing and dissipating the energy of the seismic
waves.

Fig. 1.
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OBJECTIVES & SCOPE OF THE WORK.

1) To assess the effectiveness of friction dampers
in reducing the earthquake-induced response of
structural systems.

2) To compare the outcomes of an irregular building
with friction dampers alone with an irregular
building with friction dampers in terms of base
shear, storey drift and storey acceleration.

LITERATURE REVIEW

R.B. Ghodke et al. [1] focused on the torsional
behavior of asymmetrical reinforced concrete (R.C.)
frames under earthquake loads. They found significant
torsional moments in these frames, suggesting design
recommendations such as shear walls and symmetrical
column placement.

Gennaro Maggiolo et al. [2] reviewed seismic code
guidelines for vertically irregular frames, highlighting
the inadequacy of current regulations and proposing
recommendations for improved seismic design.

M. DeStefano and Pintucchi [3] conducted a
comprehensive review of research on structural
irregularities and seismic performance, emphasizing
the importance of seismic retrofitting and suggesting
future research directions.

Sujit Jaisee et al. [10] provided an overview of passive
friction dampers, discussing their suitability, slip load,
seismic control, influencing parameters, limitations, and
the need for further research in creating more effective
and reliable dampers.

J.H. Griffin et al. [11] focused on incorporating bench
test data into the design of friction dampers for fast
speeds turbo machines, using finite elements analysis.
and analytical models to enhance design reliability.
Their study presented a design procedure that predicts
engine behavior and ensures accuracy without
conducting engine tests.

M. Novak and L. El Hffnawy [12] explained the
interactions between soil and structure that affect
damping, emphasising the need of flexible foundations.
They gave ways for assessing this effect and talked
about how to determine how the foundation will affect
damping.
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RESEARCH METHODOLOGY.

This study aims to assess the impact of friction dampers
on irregular building seismic behaviour. ETAB software
is used for the design and analysis. Two RCC structures
have been modelled for this. The construction of Model
1 is devoid of friction dampers, while Model 2 has
friction dampers.

The study of time is thought to be undertaken in order
to comprehend the seismic behaviour of the building.
Data on recorded ground motion has been taken into
consideration for the analysis. After modelling is
finished, it automatically assigns code-based loading
conditions for seismic and gravity. Dynamic loading
is indicated for the two load situations TIMEX and
TIMEY.

ANALYTICAL DATA

Basic Parameters for Building Analysis Data

Fig:4 building’s floor plan

Tadas, et al
Seismic Data
SR.NO | MODEL DESCRIPTION

1 Zone v

2. Zone factor 0.36

3. Type of building Commercial

4. Reponses reduction 5(SMRF)

factor

5. Importance factor 1.2

6. Building height 17

7. Soil condition Medium

8. Damping ratio 5%
Models in ETAB

DIMENSION OF PLAN L SHAPE 6 X 30, 6 X 30
BUILDING TOTAL HEIGHT 17M
EACH STOREY HEIGHT 3.0M
SIZES OF BEAM 300MM X 300MM
SIZES OF COLUM 500MM X 500 MM
SLAB THICKNESS 130
EXTERNAL WALL’S 230
THICKNESS
INTERNAL WALL’S 150
THICKNESS
SEISMIC ZONE \%
CONDITION OF SOIL Medium
REDUCTION FACTOR OF 5
RESPONSE
FACTOR OF IMPORTANCE 1.2
FLOOR FINISH 2
LIVE LOAD ON ALL 3
FLOORS
CONCRETE’S GRADE M25
STEEL GRADE Fe500 and Fe415
CONCRETE’S DENSITY 25 KN/M?
BRICK MASONRY 19 N/M?
DENSITY
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Fig. S side view of the structure

Fig. 6. 3D rendering of an building

September, 2023




Friction Dampers Effects on Seismic Response .................... Tadas, et al

2 0.81 | 05526 | 05385 | 0.1776 | 0.1827 | 0.4075
3 0.714 | 07594 | 0.7604 | 0.2425 | 0.2435 [ 0.7511
4 0292 | 0786 | 0.7867 | 0.3357 | 0.3376 | 0.813
5 0266 | 0.7894 | 0.7902 | 0.3412 | 0.3428 | 0.813
6 0255 | 0.8367 | 0.8366 | 0.5391 | 0.5425 | 0.813
7 0225 | 0.8635 | 0.8634 | 0.6636 | 0.6652 | 0.8606
8 0.186 | 0.8665 | 0.8664 | 0.6787 | 0.6796 | 0.8606
9 0.143 | 0.8803 [ 088 | 0.7024 | 0.7034 | 0.8852
10 | 0134 | 0901 | 0.9007 | 0.7385 | 0.7393 | 0.8852
11 0.122 | 0.9109 [ 0.9105 | 0.7559 | 0.7563 [ 0.9101
12 | 0116 [09131 | 09133 | 0761 | 0.7602 | 0.9101
13 | 0091 [o09131 | 09133 | 0761 | 0.7602 | 0.9101
Fig. 7.3D rendering of an atypical building with dampers 14 0.086 0.9132 | 09133 0.7612 0.7603 | 0.9101
RESULTS AND DISCUSSION 15 0.085 0.9234 | 0.9234 0.7892 0.789 0.9202
16 | 0082 [ 09373 | 09372 | 0.8287 | 0.8286 | 0.9202
Modal Participation Mass Ratio. 17 | 0077 [ 09416 | 09415 | 0.8419 | 0.842 [ 0.9396
Tablel: Modal participating mass ratio for model 1 18 0.075 | 0.9423 | 0.9423 | 0.8446 | 0.8445 | 0.9396
Nodal Particinating Mass Rafies (MODEL ) 19 | 0075 [ 09423 | 0.9423 | 0.8446 | 0.8445 | 0.9402
20 | 0065 | 09423 | 0.9423 | 0.8446 | 0.8445 | 0.9402
Mode | Period/ Sum Sum Sum Sum Sum
sec Ux Uy RX RY RZ Comparison of Time Period.
! 1025 | 02354 ] 0.2334 | 0.0840 ] 0.0846 ] 0.2664 Comparison of the time period of two different models
2 | 0976 | 0.6079 | 0.6079 | 0.2143 | 0.2143 | 0.2664
3 | 0904 [ 07448 | 0.7448 [ 02597 [ 02597 [ 0.7422 |  Table 3: Time period.
4 | 0297 | 07851 [ 0.7851 | 0.4001 | 0.4001 | 0.7767 Modal Direction Factors
5 0.288 | 0.8405 | 0.8405 | 0.6014 | 0.6014 | 0.7767
6 | 027 | 08557 | 0.8557 | 0.6623 | 0.6623 | 0.8547 Modal Direction Factors
7 | 0145 [ 08787 [ 0.8787 | 0.702 | 0.702 | 0.8606 Case Mode Period/ SEC | Period/SEC
8 | 0.144 | 0904 | 0904 | 0.7455 | 0.7455 | 0.8606 MODEL 1 MODEL 2
9 | 0.136 | 0.9064 | 0.9064 | 0.7494 | 0.7494 | 0.9061 Modal ! 1025 1.001
10 | 0.086 | 0.9219 | 09219 | 0.7919 | 0.7919 | 0.9061 Modal 2 0.976 0.81
11 | 0.086 | 09374 | 0.9374 | 0.8344 | 0.8344 | 0.9062 Modsl 3 0.904 0.714
12 | 0081 | 09374 | 0.9374 | 0.8344 | 0.8344 [ 0.9374 Base Shear
13 | 0059 | 09477 ] 09477 | 0.8603 | 0.8603 | 0938 Comparing the base reaction output cases for base shear
14 | 0059 | 09584 | 0.9584 [ 0.8872 | 0.8872 [ 0.938 for model 1 and model 2
15 | 0.056 | 0.9588 | 0.9588 [ 0.8882 | 0.8882 [ 0.9589
T6 | 0047 | 09781 | 0.9781 | 0.9406 | 0.9406 | 0.0617 | Table 4: Base shear (model-I)
17 | 0.047 | 09987 | 0.9987 [ 0.9965 | 0.9965 | 0.9617 Output Case | Case Type FX-1 FY-1
18 | 0.044 1 1 1 1 1 KN KN
Table 2: Model 2’s modality participation mass ratio. EQ x Lin-Static -2977.9508 0
EQ +y Lin-Static 0 -2977.9508
Ratios of Modal Participating Masses (MODEL 2) -
Mode | Period’ | Sum pr— p— p— pr— THX Non-Mod Hist | 11475.2797 1789.5287
sec Ux 100'% RX RY RZ THX Non-Mod Hist | -10670.6117 -1788.4476
1 1.001 | 0.1676 | 0.1634 | 0.0582 | 0.0599 | 0.4074 THX-Y [ Non-Mod Hist | 1789.5287 114752797

THX-Y Non-Mod Hist | -1788.4476 -10670.6117
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Table 5: Base shear (model-2)

Output Case Case Type FX-2 FY-2
KN KN
EQ x Lin-Static -2000.2782 0
EQy Lin-Static 0 -2000.2782
THX Non-Mod Hist | 12960.3618 1689.2579
THX Non-Mod Hist | -11697.408 -1661.016
THX-Y Non-Mod Hist | 1691.5722 12927.5921
THX-Y Non-Mod- -1664.4606 -11661.8319
Hist
Base Shear
50000
1 2 | X 5 ]
50000
—y] eyl =3 )

Graph 1: Comparative study of base forces in x and y

Tadas, et al

Story2 THX Max 3.07
Story1 THX Max 1.66
Base THX Max 1.69

Storey accelerate for model 1 in the X direction Typical
load: TIMEX

STOREY ACCELERATION (TIMEX]

Storyd

Storyb
Graph 2: Correlation of Storey accelerated for the load
scenario in the x direction TIMEX for models 1 and 2
separately

bl 1 %1
mifusc?

M/SEC
[TER TN R

Storyl

Bace

(=R ]

Storyd
STOREYS

ShoTyS Slonys

Table 8: Storey acceleration (Model-1)
Story Accelerations (MODEL 1)

direction in model 1 vs model 2 Story Accelerations (MODEL 1)
. St Output C Step T UY1
Storey Acceleration st b P _Ype
m/sec?
Table 6: Storey acceleration (Model-1) Story6 THX.Y Max 691
Storey Accelerations (MODELT1) Story5 THX-Y Max 5.63
Story Output Case | Step Type Ux1 Story4 THX-Y Max 5.4
m/sec? StOl’y3 THX-Y Max 4.28
Story6 THX Max 6.91 Story2 THX-Y Max 321
Story5 THX Max 5.63 Story1 THX-Y Max 1.72
Story4 THX Max 54 Base THX-Y Max 1.69
Story3 THX Max 4.28 For model 1, storey acceleration in the Y direction TIMEY
Story2 THX Max 3.21 is a load case
Storyl THX Max 1.72 Table 9: Storey acceleration (Model-1)
Base THX Max 1.69 Story Accelerations (MODEL 2)
Storey speed for model 1 in the X direction Case of load: Story Output Case Step Type UY2
TIMEX. m/sec?
Table 7: Storey acceleration (Model-2) Story6 THX-Y Max 6.7
Story5 THX-Y Max 5.58
Story Accelerations (MODEL 2)
Story4 THX-Y Max 5.11
Story Output Case Step Type UX1
Story3 THX-Y Max 4.05
m/sec?
Story2 THX-Y Max 3.06
Story6 THX Max 6.71
Story1 THX-Y Max 1.66
Story5 THX Max 5.58
Base THX-Y Max 1.69
Story4 THX Max 5.12
Story3 THX Max 4.06 Storey acceleration in the Y direction for load case
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STOREY ACCELERATION (TIMEY)
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Graph 3: Storey acceleration in the Y direction is
compared for the load case TIMEY for models 1 and 2,

respectively

Storey Drift

Graph 4: For the load scenario, storey drift is measured
as Timex and Timey, respectively
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Graph 5: For the load example, storey wander in the x
and y directions: The two terms are Timex and Timey

CONCLUSION

Friction dampers have been demonstrated to be a
successful method for managing the response of
irregular buildings to seismic loads. The findings of
thisinquiry demonstrate that friction dampers can be
used to lessen the structural reaction, including time
period, storey displacement, storey drift, and storey
acceleration.
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When friction dampers were added to the structure, it
was discovered that the time period was reduced.

The maximum base shear can be reduced by dampers
in buildings, however this effect has been proven to be
minor because buildings with dampers, such as model
2, have higher base shear than model 1.

The inclusion of dampers also resulted in a decrease in
maximum storey displacement.

Buildings equipped with friction dampers have been
seen to reduce story drifts. Base shears, storey shears
are likewise higher for buildings with dampers than for
buildings without dampers.

The addition of dampers increased the mass of the
structure, which is why the base shear and storey shear
increased.

The maximum storey acceleration will not be lowered
by adding too many dampers, but it will decrease with
their addition.

The addition of friction dampers has boosted the
building’s percentage of input energy dissipation.
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ABSTRACT

Earthquakes are a natural occurrence that can occur abruptly and result in significant destruction. The majority of
Indian soil is unstable due to earthquake-induced vibrations. In contrast, while it is impossible to stop earthquakes
from happening, the damage can be reduced with the help of efficient seismic designs. By taking into account
several limit states outlined by the rules and using the affordable ones, the design can be completed. Semi-elastic
design of the structure is more cost-effective than elastic design because whole elastic response design of the
structure is highly expensive. In the codal method of design, steel building are constructed from structural steel
section and are created using the code basis prescriptive guidelines. The Performance of the buildings cannot
be controlled during such a design process. In steel Constructions, the desired performance can be attained by
selecting the appropriate section. Now days steel structure are a popular type of structure in many nations and
its financial as well. It is essential to research seismic behavior of structure in different zone which are designed
by code guidelines. This technique employs an algorithm based on computer programming ETAB-19. In this we
considered spectral computational ground motion data (sgm)The Building operations are carried out in accordance
with historical precedent. analysis (direct numerical integration method (DNI)) and pushover analysis.

KEYWORDS: Performance of steel section, Different zone, Seismic analysis, ETABS, Steel structure.
INTRODUCTION 2.

mong the most frequently utilised building 3.
materials worldwide is steel. Its inherent
5

Sudden slips at the faults.
Construction of dams and huge structure
; o Quakes caused by volcanoes.

toughness, strength, and high ductility are
the qualities that make it perfect for use in building
construction. Current earthquake research shows that
steel is the most resilient material for structures against ¢
seismic loads when compared to other materials. Its
comparative analysis looks at factors like structural
performance, construction time, durability, etc. to
determine whether steel structures are practical. The
huge destruction of engineered systems and facilities
caused by an earthquake is a natural occurrence.
Currently, scientists are particularly interested in
earthquake engineering because this is an occurrence
that is difficult to forecast and occurs for a variety of
reasons, including;

Due to the increased in use of explosives material
like dynamite and other

Because of an increase in mining work

This topic has been the focus of much research, and
more are still being conducted since the more we learn,
the more we can do to lessen the harm and save lives.
According to seismology studies, tectonic activity is the
primary source of 90% of earthquakes. An engineer’s
duty in civil engineering is to maintain the economy
while ensuring the highest level of safety in the
structures they construct. Steel structure buildings are a
popular form of construction in many countries due to
their cost-effectiveness. These buildings are constructed
using structural sections and designed using IS codal

1. the shifting of tectonic plates
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methods to achieve the target performance in steel
structural building.

The performance level of a steel structural building
indicates its potential damage. There are 3- primary
performance levels: Earthquake Prevention, Life
Security, and Quick Occupancy, Performance Point.
Choosing the appropriate PP is critical to ensuring the
safety of the structure and its occupants

To cheek the point: -

If , A, < 44p , it implies 10 level of building.
App > Ay & < Ay ¢, LS level of building.
App > A & < Agp, CP level of building.

TIME HISTORY ANALYSIS

The structural reaction is computed via time history
analysis at various later time instants. In other words, the
consequence is the acquisition of time histories of the
structural response to a particular input. The behaviour
of a structure throughout time, both before and after the
installation of a load, can be determined from a full-
time history. The structure’s equation of motion must
be solved to determine the response’s complete time
history to determine the complete time history of the
response.

PUSHOVER ANALYSIS

Nonlinear static analysis the analysis produces a plot of
total base shear verses top displacement in the structure,
which would identify any early failure or weakness
under constant vertical loads and gradually increasing
lateral pressures. The study is done all the way to
failure, making it possible to calculate the collapse load
and ductility capacity. On a building frame, load and
displacement are applied progressively, the development
of plastic hinges, stiffness deterioration, and plastic
rotation are watched, and the response of the entire
structure to lateral inelastic force and displacement is
calculated.

OBJECTIVE

1. To study the performance level of steel section used
in building to know the performance of the steel
members.

Vol. 46
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2. To identify the behaviour of steel structure in
different zone (IIL, IV, V).

3. To evaluate the performance of steel buildings
in zone III, IV, V by using pushover analysis,
nonlinear time history analysis by using ETAB-19.

ANALYTICAL MODELLING

In this work, a G+6 storey steel structure is subjected
to systematic investigation. Analysis of this structure is
carried out by using ETAB 19 software. In this study,
structure is analysed for zone III, IV, V according to
IS 1893 (Part-1)2016, IS 13920-2015 with analysis of
pushovers and non-linear temporal histories (Direct
Numerical integration.)

GEOMETRY OF STRUCTURE
e Building schematic — 8.5 mx 9 m

e Each story’s Dimensions — 3m
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Figure 1. Geometry of Structure 3D View, Top View and
Front View
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Structure Properties

The following qualities are taken into account when
analysing a structure.

Site Properties of Structure

Thickness of the outer wall | 150mm
of a wall
Story Height 3m
Total height of building 18m
Size of Members Beam, | O Beam ISMB
Column 150mm.
o Column ISHB-
450mm
Loading on Structure o Dead load
] Self-weight
] Wall-load 8kN/m
characteristics of brick masonry
Young’s (E) 2457.03 N / mm?
Poisson’s Ratio (nu) 0.2
Density 19kN/m?
Modulus of Shear 1023.76 N / mm?
Seismic Properties of Structure
seismic area IIL, IV, V
Important aspect 1
Response reduction factor |5
Soil condition Small Damping 2%

Load Combination for Analysis

1.5 (DL + LL + SIDL)

1.5 (DL + SIDL +- EQ-x)

1.5 (DL + SDL +- EQY) (D1 + SDL+ LL)

(D1 + SDL + Live +- EQX) (DI + SDL + Live +- EQY)
1.2 (D1 + SDL + Live +- EQX)

1.2 (D1 + SDL + LL +- EQY)

SECTION

ISMB- Indian Standard Medium Beam ISHB- Indian
Standard Heavy Beam.

Rolling mills create rolled steel sections, which are
structural elements distinguished by the patterns of their
cross sections. They are cast in continuous, seamless
casting moulds. Depending on the manufactured member
types and the erection process, different section forms
Vol. 46
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are selected. Some examples of rolled steel sections are
I-sections, channel sections, T-sections, angle sections,
bars, tubes, flats, sheets, and strips.

EARTHQUAKE GROUND MOTIONS

The ground motion in nonlinear seismic analysis must
be modelled across time. histories three earthquake
ground motion data have been considered with the
name of 2ndfile, RSN4, RSN7. The design of the
spectrum at Indian code-1893-part-1-2016 is referred to
as the “spectrum.”. Each of ground motion data refers
to real earthquake data. The earthquake data have been
generated using software Seismomatch.

MATUH ACCELROGRAN

i AN

AP

Figure 2: - Ground motion data consider for zone 5

Match Acclerogram

LR A

AL

Figure 3:- Ground motion data consider for Zone-3

MATCH ACCLEROGRAM

(W ELARIM G RANS

Figure 4: - Ground motion data consider for zone -4

RESULT

The building shows the performance levels. Fig- show
the performance of steel building under push over
analysis.

September, 2023



Performance of Steel Structure on Various Earthquake Zones

NON-LINEAR TIME HISTORY
ANALYSES

It is determined using a time history study that
displays the results through inter-story drift.It has been
acknowledged that inter-storey drift is a crucial sign of
a building’s performance. The inter-story displacements
change over time during an earthquake as various modes

predominate the response.
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CONCLUSION

Steel structures can be made to meet certain goals by
selecting the right-sized members, which results in
structures that function as expected and don’t deviate
from their target positions. The drift achieved by codal
steel building under pushover analysis and Time history
analysis. The steel building is found to be in [O AND
LS in zone III, IV, V in respective ground motion.

According to analytical analyses compared to zones IV
and III, the impact of India’s seismicity zone V is more
valuable and dangerous.
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ABSTRACT

The information age has caused the world to become smaller. Nowadays, almost anyone can easily and instantly
share files. We almost always learn about data breaches. In addition to the theft of user data, a secure channel
is necessary for file sharing in order to be secure. Secure File Access is made up of two parties: administrators
and users. With this application, it is possible to upload and manage files in the database. Since the file is AES-
encrypted, only someone who has the same key can decrypt it and open it. When a file is uploaded to a server, the
administrator has access to it and can decide who can access it. Only the administrator has the ability to permit a

user to view.

KEYWORDS: File sharing, Access control, AES algorithm, Encryption, Decryption

INTRODUCTION

he sharing of files and information has become
crucial to everyday life in the digital age. The

demand for secure file sharing apps on the
Android platform is rising as mobile devices become
more and more common. Strong access control systems
and encryption algorithms must be put in place to
protect sensitive data from unauthorised access. The
Advanced Encryption Standard (AES) algorithm and
the Android Keystore system are used to implement
Access Control in the File Sharing Application for
Android presented in this document. The widely used
symmetric encryption algorithm AES is renowned for
both its efficiency and security. The secure hardware-
backed system Android Keystore, on the other hand,
offers a secure location for storing cryptographic
keys, shielding them from unauthorised access. This
application’s main goal is to give users the ability to
securely distribute files to particular people or groups
while ensuring that only authorised recipients can
access and decrypt the files. The file owner can define
access permissions and grant access to particular users
based on their identities or predefined roles using the
access control mechanism. Before files are shared,
they are encrypted using the AES algorithm. By
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converting the plain text data into cypher text, which
can only be decrypted with the right encryption key, it
offers a high level of security. The Android Keystore
system makes sure that the application’s encryption
keys are safely kept and shielded from various threats
like key extraction and tampering The application will
make use of user authentication options offered by the
Android platform, such as biometric authentication
(fingerprint or face recognition) or PIN/password-
based authentication, to help with access control. This
guarantees that only approved users can access the
files and carry out application operations. The File
Sharing Application will offer a user-friendly interface
for managing shared files, viewing access logs, and
revoking access permissions as needed in addition to
access control and encryption. To provide a seamless
and simple user experience, the application will make
use of Android’s robust user interface components and
design principles. The overall goal of this file-sharing
application is to meet the growing demand for safe
file-sharing on the Android operating system. The
application makes sure that files are encrypted, access is
limited to authorised users, and sensitive information is
kept secure by integrating access control using the AES
algorithm and the Android Keystore system.
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AES ALGORITHM

For a variety of applications, AES is considered the
standard encryption algorithm. AES operates on
fixed-size blocks of data, typically 128 bits in length,
and supports three key sizes: 128 bits, 192 bits, and
256 bits. The algorithm consists of several rounds of
transformations, including substitution, permutation,
and mixing operations. These rounds are applied to the
input data using a set of round keys derived from the
original encryption key. The security of the system relies
on keeping the encryption key secret from unauthorized
parties.

Here is a quick explanation of how AES functions:

1. Key Expansion: A set of round keys, one for each
encryption round, are created using the original
encryption key. These round keys are produced
by the key expansion algorithm using bitwise
operations and substitution.

2. Initial Round: The input data and the first round
key are XORed.

3. Rounds: The number of rounds in AES is fixed and
is based on the key size. Four transformations—
SubBytes,  ShiftRows,  MixColumns, and
AddRoundKey— are used for each round.
By introducing confusion and diffusion, these
operations strengthen the encryption technique.

AES S-box, a predefined substitution table, is used to
replace each byte of the input with a corresponding
byte.

4. Output: The encrypted data is the final state that is
obtained.

Whenusing AES for decryption, a similar system is used,
but the operations are reversed. The alterations made in
each round are their opposites, and the decryption key
agenda generates round keys in reverse order.

AES has undergone extensive analysis by
cryptographers, and when used correctly with strong
key lengths, it is thought to be secure against all known
realistic attacks.

It is widely used in many different applications,
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including those that secure communications, guard data
at rest, and guarantee the integrity of digital facts.

ARCHITECTURE

The system Architecture is a conceptual model that
describes the structure, behaviour, and more views of
the system. It organises the system’s components and
their relationships in a way that supports reasoning about
the system’s structure and offers a roadmap for how the
system’s components will work together to implement
the overall system. Android-based smartphones or other
devices with Wi-Fi are used in this scenario as hardware
that serves as both a sender and a receiver, and the user
should have installed any necessary applications on
their devices. In essence, there are two transfer modes
for files: private and public. Without any security,
transmission is carried out by browsing a file or set of
data from the source device; no security key is required
to send a public file or set of data. Once the relevant
file or data is browsed from the source device and the
transmission mode is set to public, we must select the
IP address from the randomly generated IP address list
of the receiving device the recipient device to which
the data is to be publicly sent, and then transfer the
file. In the case of a private transmission, we must first
select the file or data to be sent to the recipient side and
then transmission mode as private. Next, the scan-ip
process will generate a list of the devices’ IP addresses
within that Wi-Fi range, from which we must choose
the desired IP address of the recipient device. Finally,
the secret key, which is an 8-bit secret key generated
at random, must be used. When a key is verified, it is
displayed and sent to the recipient’s phone number if it
is valid (i.e., the key should have an 8-bit length). The
AES algorithm is used to encrypt and decrypt.

MODULES DEVELOPED

Authenticating users: Create a user authentication
module so that users can sign up or log in with their
credentials. To ensure secure user authentication, use
secure authentication methods like OAuth or JWT.

Access Management: Manage file access and
user permissions by implementing access control
mechanisms. Create user roles like admin, owner, and
viewer to manage different access levels. Make sure
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only authorised users can access and modify files and
folders by enforcing access control rules.

File encryption: Before storing or sending files over
the network, encrypt them using the AES (Advanced
Encryption Standard) algorithm. To encrypt files with a
secure encryption key, use encryption functions. Make
sure the encryption key is managed and stored securely.

Android Keystore: Utilize the Android Keystore
system to securely store encryption keys. Generate and
manage cryptographic keys within the Android Keystore
to ensure they are protected by the underlying hardware
security features of the device. Implement key retrieval
functions to securely retrieve encryption keys from the
Keystore for file encryption and decryption operations.

File Sharing and Permissions: Implement file sharing
functionality to allow users to share files or folders with
other users. Define granular permissions such as read-
only, read-write, or no access for shared files. Use access
control mechanisms to enforce file access permissions
for shared files.

Secure File Transfer: Implement secure file transfer
mechanisms to ensure the confidentiality and integrity
of files during transmission. Utilize secure protocols
such as HTTPS or SFTP for file upload and download
operations. Utilise the AES algorithm to encrypt files
before transmission and decrypt them after receipt.

Interface for users: Create a user-friendly interface that
enables users to access and share files, manage access
control settings, and browse through files and folders.
Make sure the interface clearly displays the status of file
encryption and access permissions.

PROPOSED SYSTEM

We have tried to create a simple system through an
Android application where the user can perform the
operations on text encryption and file encryption along
with the decryption using AES 256-Bit Cypher, where
the text and file can be shared using social media
platforms by using the concept of explicit intent in
Android. We have also tried to implement the Android
Keystore. This is the basic prototype to demonstrate the
mentioned operation.
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IMPLEMENTATION
About Text Encryption (SCT):
Features:

Simple and secure implementation of the AES-256
cipher.

This implementation is to be used as a security add-on
on top of messenger or email apps, or we just want to
secure sensitive data for whatever purpose.

Implementation:

AES-256, GCM mode, no padding, 12 bytes random
IVs. Keys are used as SHA-3 hashes (256 bits).

This AES implementation is considered simple, because
we can enter keys of arbitrary length and we don’t have
to care about options like mode or padding.

About File Encryption (SCT):
Features:

Password-based encryption of files, proceeded files can
be stored in the Crypto directory or shared. Decrypted
files can also directly be opened.

Implementation:

AES-256, GCM mode, no padding, 12 bytes random
IVs. Keys are used as SHA-3 hashes (256 bits).

File size:

The maximum file size is restricted by the Android
OS and the memory available, which is obviously
depending on your device.

Compatibility:

Compatibility to other file encryption software or
services is not guaranteed. A slightly different key
treatment or cipher configuration may be reasons for
incompatibility.

Opting for AES over DES:

We will strongly have advised to choose the Advanced
Encryption Standard (AES) over the Data Encryption
Standard (DES) when choosing an Android file sharing
app with access control. In comparison to DES, AES
is a more reliable and secure encryption algorithm that
offers more protection for sensitive data. AES offers a
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significantly larger key space with key lengths of 128,
192, or 256 bits, making it very challenging to crack
using brute-force attacks. AES has also undergone
extensive testing and widespread adoption as a global
standard, ensuring compatibility with a variety of
platforms and gadgets. It is perfect for file sharing
applications on Android due to its effectiveness and
speed on modern hardware, offering a solid foundation
for protecting sensitive data.

ADVANTAGES

1.

www.isteonline.in

Enhanced Security: Access control makes sure
that only groups or individuals with permission
to access particular files or folders can do so. This
assists in safeguarding confidential data and makes
it impossible for unauthorized users to access,
modify, or share files. Organizations can protect
their data and lower the risk of data breaches by
implementing access control.

Granular Permissions: Administrators can specify
and enforce specific permissions for various users
or user groups using access control. This makes
it possible to have precise control over who can
access, modify, delete, or share particular files
or folders. Organizations can maintain control
over their data and make sure users have the right
access levels for their roles by assigning the proper
permissions.

Collaboration Control: Using access control, file-
sharing programs can promote secure departmental
or team collaboration. Users can be given access
to particular files or folders, facilitating efficient
collaboration while preserving the integrity of
the data. Access control mechanisms also enable
tracking of changes and user activity monitoring,
improving  accountability and  preventing
unauthorized changes.

Compliance and Auditing: Access control is
essential to meet regulatory compliance standards
like GDPR, HIPAA, or PCI DSS. Organizations
can demonstrate that they have the necessary
safeguards to protect sensitive data and follow
industry-specific regulations by implementing
access controls. In-depth auditing is made
possible by access control mechanisms, allowing
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administrators to monitor file access, modifications,
and other actions for forensic and compliance
reasons.

Greater Productivity: Access control streamlines
workflows and eliminates the need for manual
file management and permissions handling, which
lowers administrative costs. Users don’t need to
navigate a cumbersome directory structure in order
to find and access the files they require.

DISADVANTAGES

L.

Complexity: Adding access control features to
file-sharing programmes can be challenging. A
reliable system that can handle user authentication,
authorization, and permissions must be designed
and maintained. The cost and time of development
may go up due to this complexity.

User Experience: The user experience can
be harmed by excessively restrictive access
control measures. The constant need for users to
authenticate themselves or navigate complicated
permission settings can impede productivity and
cause user annoyance.

Administrative overhead: Controlling access in
file-sharing programmes frequently necessitates
administrative work. Administrators are responsible
for handling permissions, defining access levels,
and creating and managing user accounts. This
overhead can take a lot of time, particularly in
bigger organisations with lots of users and files.

Potential Security Vulnerabilities: Incorrectly
implemented access control mechanisms may
result in security flaws. Unauthorised users may
access sensitive files if the authentication or
authorization procedures are flawed. Additionally,
files may be vulnerable to data breaches or leaks
due to configuration errors or lax access control
measures.

Compatibility Problems: File-sharing programmes
may need to integrate with other platforms
or systems, which can occasionally cause
compatibility problems. It’s possible that access
control mechanisms don’t perfectly match the
infrastructure already in place, which could
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cause interoperability issues and possible data
inconsistencies.

CONCLUSION

In conclusion, the creation of a file-sharing programme
with access control capabilities is a significant step
towards improving data security and user collaboration.
The utility makes sure that only authorised individuals
can access and manage specific archives or folders
by enforcing access control mechanisms like user
authentication, authorization levels, and permission
settings. There are many advantages to including get
entry to control in file-sharing software. First off, it
provides protection from unauthorised access, lowering
the likelihood of data breaches and data leaks. Users
maintain privacy and confidentiality by choosing who
has access to view, edit, and delete their files. Second,
gaining control encourages collaborative efforts that
are friendly to the environment within groups or
organisations. The tool encourages teamwork while
maintaining control over sensitive information by
giving users extraordinary access levels. Users have
the option to share files with specific departments
or co-workers, ensuring that each person has the
necessary rights to carry out their duties. Additionally,
gaining access to control makes it easier to comply
with rules and regulations relating to the protection
of statistics, such as the General Data Protection
Regulation (GDPR) or requirements specific to a given
sector. The software aids organisations in fulfilling
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legal obligations and averting potential fines or legal
issues related to imprisonment by enforcing granular
manipulation over file access. A file-sharing tool that
allows access to management tools can also improve
productivity and streamline processes. Users can easily
find and access the archives they need, saving them
time from having to search for them. To find any flaws
or weaknesses in the application’s access management
system, regular audits and risk assessments must be
carried out. In conclusion, a file-sharing programme
with administrative access is a strong tool for secure
and effective data sharing. Groups can protect sensitive
information, promote collaboration, and abide by data
protection laws by putting in place effective get-entry-
to-control mechanisms. To ensure that the software is
resilient to new security threats, it is crucial to give
ongoing comparison and improvement of getting access
to control aspects top priority.
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Accurate crop yield forecasting and monitoring are critical for improving agricultural practices and supporting
decision-making in the agricultural sector. This paper comprehensively reviews the current developments and
identifies critical knowledge gaps in this field. It applies cutting-edge machine learning and deep learning techniques,
including CNN, RNN, ELM, and random forest, to accurately estimate agricultural yield. Furthermore, it explores
the integration of IoT and cloud computing technologies to develop effective systems for suggesting suitable
crops. The study emphasizes the importance of carefully selecting relevant characteristics, optimizing procedures,
and leveraging hybrid models to enhance the accuracy of yield predictions. Additionally, it highlights the need to
consider factors such as climate change, economic aspects, and soil fertility indices when constructing crop yield
prediction models. The study recommends integrating explainable Al techniques and developing decision support
systems prioritizing user needs to enhance model interpretability and establish trust. Various limitations in existing
research are identified, including the requirement for improved training methods, fine-tuning of model parameters,
and accounting for environmental factors. Promising directions for future research include the incorporation of
physical system models, the exploration of multi-objective optimization approaches, and the utilization of data
mining strategies. Overall, this literature review provides valuable insights into the current state of agricultural
yield monitoring and prediction research, emphasizing the potential for advancements to optimize agricultural
practices, maximize crop productivity, and enable informed decision-making in the agricultural sector.

KEYWORDS: Deep learning, Machine learning, Predicting crop yield, Feature selection.

INTRODUCTION

rop yield prediction is a crucial agricultural
‘ research field that aims to estimate crop

harvest potential based on various factors,
including crop genotype, environmental conditions,
and management practices. Prediction models that are
precise and trustworthy provide helpful information to
farmers, policymakers, and stakeholders, supporting
them in making educated decisions regarding resource
allocation, crop management methods, and sustainable
farming practices. In recent years, significant progress
has been achieved in creating and enhancing agricultural
production prediction systems. This progression is
affected by incorporating new computing tools, such
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as machine learning algorithms and data analysis,
which allow for more accurate forecasting and a better
understanding of intricate interconnections between
various components.

One of the most critical factors that significantly affect
yield is crop genotype. Genetic traits and traits influence
how crops respond to environmental factors and
management practices. Including genetic information
in forecast models will allow for the adaptation of
estimates to specific crop varieties. Researchers can
identify genotypes associated with increased yields and
resistance to various stresses. Environmental factors
strongly influence the growing and development of
crops. The dynamic interplay between temperature,
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rainfall, sunlight radiation, and soil quality impacts
crop production. Incorporating environmental data,
including current or historical climatic data, satellite
images, and remote sensing data, into forecasts makes
it possible to thoroughly understand these factors’
impact on crop yields. This connection allows for
creating specific management strategies and enables
forecasts to be more precise. Management procedures,
including farming techniques, irrigation strategies,
fertilization plans, and pest control methods, directly
impact crop production and resource utilization.
The assessment of these practices’ individual and
collective effects on yields can be done by including
them in the prediction models at present. In addition,
optimization of management techniques can lead to
improved agricultural sustainability, reduced impact on
the environment, and resource efficiency as a result of
forecast insights.

A comprehensive overview of the most recent advances
in crop yield prediction, with a focus on the inclusion
of genotypes, climatic conditions, and management
practices, is to be presented in this review paper. It
reviews the current state of technology in terms of deep
learning frameworks, classification techniques, and data
analysis, as well as an examination of their application
to develop accurate prediction models. In addition, it
points out the limitations and problems linked to these
approaches and valuable insights on future research
directions and potential areas for improvement.

LITERATURE REVIEW WORK

One reviewed study by Saeed Khaki et al. focused on
analyzing yield performance data for corn and soybean
crops from 1980 to 2018. The study utilized deep
learning techniques, specifically Convolutional Neural
Networks (CNN) and Recurrent Neural Networks
(RNN), in combination with feature selection, to predict
crop yields. Through feature selection, the CNN-RNN
model achieved an accuracy of 87.82% for corn yield
prediction and 87.09% for soybean yield prediction.
The model also exhibited a mean squared error (RMSE)
of 9%. However, a limitation or research gap identified
in the study is the need to address the training problem
of the RNN model, which could be mitigated by
incorporating LSTM cells. Developing deep learning
models can enhance interpretability and provide more
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transparent insights into crop yield predictions [1]. In
a study by M.S. Suchithra et al., the main focus was
examining activation functions, soil fertility indices,
soil pH, classification, and prediction. The study utilized
a dataset of 11 parameters related to soil samples and
employed the Extreme Learning Machine (ELM)
method. The accuracy scores for predicting various soil
parameters were as follows: P with an accuracy rate of
over 90%, K at 78%, OC at 80%, B above 85%, and
pH classification at 90%. The manuscript identifies a
research gap or limitation concerning optimizing ELM
parameters for classifying soil nutrients, specifically
N20, P205, and K20. The study suggests exploring
advanced neural network (ANN) techniques for tailored
fertilizer recommendations specific to different crops

[2].

A study by Rishi Gupta et al. focused on extensive data
analysis, graphical visualization, k-means clustering,
map reduction, and recommendation systems in the
context of forecasting crop yields. The study specifically
examined two regions in India: Ahmednagar,
Maharashtra, and the Andaman and Nicobar Islands.
The analysis utilized multi-year (2000-2014) weather
and crop yield data. The methodology involved the
implementation of the Random Forest algorithm and
feature selection techniques like Recursive Feature
Elimination (RFE) and Boruta. The results showed that
the WB-CPI model achieved a prediction accuracy of
90.22% for Ahmednagar and Maharashtra and 91.55%
for the Andaman Nicobar Islands. A limitation or
research gap identified in the study relates to including
environmental factors such as humidity, wind speed,
soil moisture, irrigation, and cloud cover for the
recommended crops in different regions and states.
Additionally, the study offered recommendations
concerning the specific type of fertilizer or nutrients
required in the soil to promote optimal growth and
yield of the crop to prevent seasonal diseases [3]. In
the study conducted by Usman Ahmed et al., the focus
was on sensor data and soil nutrients. The researchers
collected soil samples from various fields in Pakistan
from 2001 to 2009. The methodology employed in
the study involved using a Genetic Algorithm (GA),
an evolutionary computation approach. A limitation
or research gap identified in the research manuscript
pertains to optimizing the search strategy and utilizing
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individual repair methods. These approaches can
be valuable in extracting essential parameters that
enhance recommendations for soil fertilization, thereby
contributing to the maintenance of crops. The study
suggests that considering multi-objective optimization
models or artificial intelligence/machine learning (Al/
ML) models can help optimize parameters for efficient
implementation in the future [4].

In the study by A. Suruliandi et al., the primary focus was
cropping prediction. The dataset utilized in the study
consisted of 1000 instances and 16 attributes related
to crops. The methodology employed in the research
involved the utilization of classification algorithms
and feature selection algorithms. For classification, the
study employed algorithms such as Naive Bayes (NB),
Decision Tree (DT), Support Vector Machine (SVM),
and Random Forest (RF) bagging. Additionally, feature
selection algorithms like Boruta, Forward Sequential
Selection (SFFS), and Recursive Feature Elimination
(RFE) were utilized. The study’s findings revealed
that Recursive Feature Elimination (RFE) combined
with bagging achieved a crop prediction accuracy of
92% compared to other methods based on soil and
environmental characteristics. Scholars’ comments on
the study’s limitations suggest that crop cultivation
predictions could be further improved by incorporating
additional data mining techniques that have been
studied [5].

In the study by Q. Li et al., the main focus was on soil
moisture prediction using machine learning techniques.
The study acknowledged that having a larger dataset,
with aminimum of 52,609 samples, could have improved
the training of the predictive model. The researchers
developed an Encoder/Decoder Deep Learning Model
with Residual Learning based on Short-Term Long
Memory (EDT-LSTM) as an alternative tool for data
intelligence. The EDT-LSTM model demonstrated
superior performance compared to other models in
terms of both accuracy and efficiency. It achieved a
prediction accuracy of 91.98%. The study also suggests
that predicting changes in soil moisture levels during
training and testing years could be improved if deep
learning models are integrated with physical system
models. [6].

The main focus was on using the Internet of Things
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IoT and cloud computing for crop recommendation
in a study by Navd Niranjan Thilakarathne et al. A
total of 2200 records were in the dataset used for this
study. The approach used various algorithms for crop
recommendations, e.g., KNN, DT, RF, XGBoost, and
SVM, as well as a range of Machine Learning and Deep
Learning algorithms. Random Forest (RF) achieved
the highest accuracy among these algorithms, scoring
97.18%. The study aimed to make available valuable
information that could help farmers improve the overall
effectiveness of their farms and enable them to choose
wisely to increase productivity [7]. Data integration,
modelling, ensemble models, spatial analyses, and
model transparency were the main topics of a study
conducted by Sajid et al. The 2018, 2019, and 2020
data have been used for this analysis. This study aimed
to predict maize yields throughout the US corn belt,
composed of 12 states. The following five machine
learning models have been developed, LR, LASSO
regression, RFBoost, XG ensemble GBM, and their
model has been created. The ensemble model performed
better than the individual models for the test years,
achieving a relative root mean square errorRRMSE of
around 9%. The study analyzed the harvest of maize
for 2018 and 2020, with an average yield of 10.77 kg
per ha, 10.43 kg per ha in 2019, and 10.23 kg per ha in
2020. The study also suggested using remotely sensed
data for better modelling of models at different locations
where historical data are scarce. [8]. The primary focus
was on the detection of crops in a study conducted by
Murali Krishna Senapaty et al. The researchers used
sample datasets in CSV format to train and test decision
tree machine learning algorithms. Using a Decision
Synchronised Machine Learning algorithm to forecast
crop yield on soil moisture parameters was the method
used in this study. The study’s results demonstrated that
a machine- learning model achieved an accuracy of
95% with an error rate of 0.5. However, the scholar has
pointed to a limitation in the automatic identification
of crop yields using soil moisture data and suggests
that more improvements could be made to improve
plant growth and productivity. [9]. The study’s primary
objective by Iniyan Shanmugam and colleagues was
to predict crop yields. Researchers have used a dataset
with approximately 80,000 records collected from 2014
to 2019 at different locations in India to develop this
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model. The study investigated two models of deep
neural networks (DNN), specifically RNN and LSTM,
for predicting field crop yield. The study’s findings
revealed that the LSTM algorithm outperformed the
RNN algorithm in accurately predicting crop yield. The
LSTM algorithm achieved an impressive accuracy rate
of approximately 93% in forecasting field crop yield.
A scholar highlighted a limitation, suggesting that the
combination of RNN and LSTM can be utilized to
minimize errors when working with datasets of different
sizes [10].

Summary of Knowledge Gap:

Optimization of ELM parameters: The Extreme
Learning Machine (ELM) model needs to optimize
the parameters to improve the classification of
soil nutrients such as N20O, P205, and K20—an
advanced neural network.

(ANN) approaches for fertilizer recommendations
tailored to specific crops can be explored.

Training problem of RNN model: The training
problem of the Recurrent Neural Network (RNN)
model can be addressed by incorporating Short-
Term Long Memory (LSTM) cells. LSTM cells can
improve the performance and training efficiency of
the RNN model.

Kadu, et al

Consideration of environmental factors: To
determine suitable crops for different regions within
states, it is essential to consider environmental
factors such as humidity, wind speed, soil moisture,
irrigation, and cloud cover. These factors play a
crucial role in crop selection and productivity.

Multi-objective  optimization models: multi-
objective optimization models or AL/ML (Artificial
Intelligence/Machine Learning) models should
be considered to optimize parameters for further
implementation efficiently. These models can help
improve agricultural efficiency and enable farmers
to make informed decisions for maximizing
productivity.

Incorporating remote sensing data: Complications
arising from limited historical data in certain regions
can be addressed by incorporating data from remote
sensing. Remote sensing data, weather forecasts,
and soil testing data can enhance the accuracy and
comprehensiveness of crop yield predictions.

Overall, the gaps identified suggest the need for
advanced techniques and models to optimize
parameters, address training issues, consider
environmental factors, and utilize remote sensing
data for improved crop yield prediction and
agricultural decision-making.

Table 1: shows a summary of the knowledge gap with remarks by a scholar on limitations

Sr No. Author Method and algorithm Outcome Remarks By Scholars on
used Limitations
1. Saeed Khakietal. |- (CNN) . RMSE 9% Deep learning models may
L e - Com and soybean | LRI v more
. (DFNN) yield of 87.82% and 87.09%. trang;)arent predictiolljl insights.
2. M. S. Suchithra . (ELM) . ELM 80% Optimization of ELM parameters

et al.

for classifying soil nutrients N20,
P205, and K20 may be used.

3. Rishi Gupta et al.

techniques,
(RFE) and Boruta,

RF and feature selection | RF model has accuracy in | Environmental
including | predicting crop yields, with | humidity,
83.56%

factors like
wind  speed, soil
moisture, irrigation, and cloud
cover may be included for the
recommended crop of different
regions of states.

www.isteonline.in

Vol. 46

Special Issue,

September, 2023



Enhancing Crop Yield Prediction and Monitoring: Current Kadu, et al
4. Usman Ahmed Genetic Algorithm The GA method yielded Multi-objective optimization
et al. (GA), an evolutionary 2,035 quantities (kg) for | models or AL/ML models are
computation approach the maize and rice crops,|to be considered to optimize
compared to the traditional | the  parameter for  further
method’s 1,865.47 (kg). implementation efficiently.
5. A. Suruliandi et al. | ¢ KNN RFE with bagging provided | Data mining strategies may be
. RF 92% crop prediction | used and analyzed to predict crop
. SFFS accuracy cultivation.
RFE
6. Q. Lietal . EDT-LSTM . EDT-LSTM Deep learning algorithms may be
prediction accuracy is combined with physical system
91.98%. models to forecast soil moisture
variance in training and test years.
7. Navod Niranjan . KNN RF performed the best, with | To improve and provide valuable
Thilakarathne et . DT a score of 97.18% insights to farmers. It may
al., . RF need to enhance the overall
. XGBoost efficiency of its farms and make
. SVM informed decisions to maximize
productivity.
8 Saiara Samira . LR, Relative root means | For  improvement of  the
Sajid et al . LASSO, square error (RRMSE) of | performance of different locations
. RF approximately 9% for the | with limited historical data by
. XGBoos test years. remote sensing data
. LightGBM.
9 Murali Krishna |- Decisiontree- | The machine learning model | The automatic detection of crops
Senapaty et al supervised machine achieved an error rate of 0.5 | based on soil moisture data can be
learning and an accuracy of 95%. enhanced, leading to better growth
and productivity of crops.
10 [ Iniyan . (DNN), namely, | The LSTM algorithm The combination of RNN and
Shanmugam et al | (RNN) (LSTM), are | achieved an accuracy of LSTM can be used to minimize
analyzed in approximately 93%. the error of different sizes of
datasets.

CONCLUSION

In conclusion, machine learning and deep learning
techniques have witnessed significant advancements
in crop yield prediction and monitoring. Using CNN,
RNN, ELM, and RF models, coupled with IoT and
cloud computing, has shown promise in accurately
predicting crop yields and developing efficient
recommendation systems. Feature selection methods,
optimization techniques, and hybrid models have
improved prediction accuracy. Furthermore, including
climate change factors, economic considerations, and
soil fertility indices in crop yield prediction models has
proven essential for reliable results. The integration
of explainable Al and user-centric decision support
systems have addressed the need for interpretability
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and transparency in agricultural models, building
user trust. However, several limitations and research
gaps have yet to be identified in the reviewed studies.
Future research directions should focus on refining
training methods, optimizing model parameters, and
incorporating physical system models and data mining
strategies. Additionally, advanced techniques such
as LSTM cells, multi-objective optimization models,
and remote sensing data can enhance crop yield
prediction and monitoring accuracy and efficiency. In
summary, this literature review highlights the potential
of advancements in agricultural practices, maximizing
crop productivity, and facilitating informed decision-
making in the agricultural sector through improved crop
yield prediction and monitoring techniques.
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ABSTRACT

With the emergence of cloud computing, organizations are increasingly considering migrating their Customer
Relationship Management (CRM) applications from an on-premise environment (local servers) to an on-demand
environment hosted on cloud servers. In the on-premise environment, the organization owns and maintains the
infrastructure and software within their own network. In contrast, the on-demand environment involves a third-
party provider hosting the infrastructure and software, charging the organization based on a subscription model.

Salesforce is the leading on- demand CRM solution in the market.

INTRODUCTION

alesforce is a cloud-based customer relationship

management (CRM) platform that helps

businesses manage their sales, marketing, and
customer service activities. It provides companies with
a comprehensive set of tools and features to streamline
their operations, improve customer engagement,
and drive sales growth. With Salesforce, businesses
can store and manage customer data, track leads and
opportunities, automate sales processes, and generate
insightful reports and analytics. The platform offers a
range of modules and applications to address different
aspects of customer relationship management, such as
sales management, marketing automation, customer
service, and collaboration.

Salesforce’s key features include a centralized customer
database, customizable dashboards and workflows,
lead and opportunity management, email marketing
automation, social media integration, customer support
ticketing, and mobile access. It also offers a marketplace
of third-party applications and integrations to extend
its functionality and meet specific business needs. The
platform’s cloud- based architecture allows businesses
to access their data and applications from anywhere,
using any device with an internet connection. This
flexibility enables sales teams to stay productive on the
go, collaborate seamlessly, and respond to customer
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inquiries in real-time. Salesforce has gained widespread
adoption across industries and is particularly popular
among sales and marketing teams. Its user-friendly
interface, scalability, and extensive ecosystem of
partners and developers contribute to its success. The
company continues to innovate and release updates to
its platform, incorporating emerging technologies like
artificial intelligence and machine learning to enhance
customer insights and automate repetitive tasks.
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Fig. 1. Salesforce Model

Overall, Salesforce empowers businesses to build
stronger customer relationships, drive sales efficiency,
and deliver exceptional customer experiences in today’s
highly competitive marketplace. Salesforce CRM
(Customer Relationship Management) is a cloud-based
solution provided by Salesforce that allows businesses
to manage their customer relationships, sales processes,
and marketing activities. The cloud aspect of Salesforce
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CRM offers numerous benefits and advantages to
organizations:

Accessibility: Salesforce CRM is accessible from
anywhere with an internet connection. Users can access
their CRM data and applications through web browsers
or mobile devices, enabling flexibility and remote
access for sales teams on the go.

Scalability: As a cloud-based solution, Salesforce CRM
offers scalability to accommodate the needs of growing
businesses. It allows organizations to add or remove
users, customize features and functionality, and expand
storage capacity easily as their requirements evolve.

Data Security and Reliability: Salesforce CRM
leverages the security and reliability of cloud
infrastructure. Salesforce invests heavily in ensuring
data protection, implementing industry-standard
security measures, regular backups, disaster recovery,
and stringent access controls. This helps safeguard
sensitive customer information and ensures business
continuity.

Seamless Updates and Maintenance: With Salesforce
CRM being a cloud-based solution, updates, bug fixes,
and new features are regularly rolled out by Salesforce
automatically. This eliminates the need for businesses
to handle software installations or perform manual
updates, allowing them to focus on their core operations.

Integration and Customization: Salesforce CRM
offers a wide range of integration options with other
cloud-based applications, allowing businesses to
connect their CRM with other tools and systems for
enhanced functionality and data synchronization.
Additionally, Salesforce provides customization
capabilities to tailor the CRM to match specific business
needs and workflows.

Collaboration and Mobility: Salesforce CRM
fosters collaboration among team members through
shared access to customer information, documents,
and communication logs. Users can collaborate on
deals, tasks, and customer support cases in real-time,
enhancing productivity and teamwork. The cloud-based
nature of Salesforce CRM also enables mobile access,
empowering sales teams to work from anywhere and
engage with customers on the move.

Vol. 46

Special Issue,

www.isteonline.in

Cost-effectiveness: The cloud-based model of
Salesforce CRM eliminates the need for businesses
to invest in on-premises infrastructure, hardware, or
software installations. It follows a subscription- based
pricing model, allowing organizations to pay for the
services they use, thereby reducing upfront costs and
providing predictable ongoing expenses.

ARCHITECTURE OF SALESFORCE CRM

Salesforce CRM follows a multi-layered architecture
that enables organizations to manage their customer
relationships effectively. The architecture of Salesforce
CRM consists of the following components:

-

Front End
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Fig. 2. Architecture of Salesforce CRM

User Interface Layer: The user interface layer is the
front-end component of Salesforce CRM that provides
the interface for users to interact with the system.
It includes web browsers, mobile apps, and other
user interfaces that allow users to access and utilize
Salesforce CRM’s functionalities.

Application Layer: The application layer contains
the business logic and processes that drive the various
functionalities of Salesforce CRM. It includes a set of
pre-built applications and modules that cater to different
aspects of customer relationship management, such as
sales, marketing, customer service, and analytics. These
applications are highly customizable and can be tailored
to meet specific business requirements.

Data Layer: The data layer is where all customer
data is stored in Salesforce CRM. Salesforce uses a
multi-tenant architecture, where data from multiple
organizations (tenants) is logically separated and stored
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securely in a shared infrastructure. The data layer
includes objects, fields, records, and relationships that
define the structure and organization of the data within
Salesforce CRM.

Integration Layer: The integration layer enables
seamless integration of Salesforce CRM with other
external systems and applications. It provides various
integration mechanisms, such as APIs (Application
Programming Interfaces), web services, and connectors,
to exchange data and integrate with third-party systems,
databases, and other applications. This layer allows
organizations to synchronize data, automate processes,
and create a unified view of customer information
across different systems.

Security Layer: The security layer in Salesforce CRM
ensures the protection and confidentiality of customer
data. It includes robust security features such as user
authentication, access controls, encryption, and data
privacy measures. Salesforce implements industry-
standard security practices to safeguard data and prevent
unauthorized access or breaches.

Metadata Layer: The metadata layer stores the
configuration and customization information of
Salesforce CRM. It includes metadata components such
as objects, fields, workflows, validation rules, layouts,
and reports. These components define the behavior,
appearance, and functionality of the CRM system
and can be customized and extended to meet specific
business needs.

Analytics Layer: The analytics layer in Salesforce
CRM provides capabilities for data analysis and
reporting. It includes features such as dashboards,
reports, and data visualization tools that enable users
to gain insights from their customer data. The analytics
layer allows organizations to monitor key performance
metrics, track sales and marketing activities, and make
data-driven decisions.

Overall, the architecture of Salesforce CRM is designed
to provide a scalable, secure, and customizable platform
for managing customer relationships and driving
business growth. Its multi- layered structure enables
seamless integration, data management, and user
interaction, making it a powerful CRM solution for
organizations of all sizes and industries.
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SALESFORCE CRM OBJECTS

Salesforce CRM includes a wide range of objects that are
used to store and manage different types of data within
the system. These objects represent various entities
and their relationships in the customer relationship
management context. Here are some of the key objects
commonly used in Salesforce CRM:

Account: The Account object represents a company,
organization, or individual with whom the business
has a relationship. It stores information such as name,
address, industry, and contact details.

Contact: The Contact object represents an individual
associated with an account. It stores details such as
name, title, email, phone number, and other contact
information.

Lead: The Lead object is used to capture and track
potential sales opportunities. It stores information about
individuals or companies who have expressed interest
in the organization’s products or services but have not
yet become customers.

Opportunity: The Opportunity object represents a
potential or ongoing sales opportunity. It stores details
such as the potential deal size, stage of the sales process,
expected close date, and probability of closing.

Case: The Case object is used for managing customer
support and service requests. It stores information about
customer inquiries, issues, or complaints and tracks
their resolution.

Campaign: The Campaign object is used for managing
marketing campaigns. It stores details about marketing
initiatives, such as email campaigns, advertising
campaigns, events, and their associated responses and
leads.

Product: The Product object represents the products
or services offered by the organization. It stores
information such as name, description, price, and other
product-related details.

Opportunity Line Item: The Opportunity Line Item
object is used to track individual products or services
associated with an opportunity. It stores details such as
quantity, price, and total amount for each line item.

Task: The Task object is used for tracking activities
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and to-do items related to accounts, contacts, or
opportunities. It includes information such as due dates,
priorities, and status.

Event: The Event object is used to manage calendar
events and meetings. It stores details such as date, time,
location, attendees, and related records.

These are just a few examples of the standard
objects available in Salesforce CRM. Additionally,
organizations can create custom objects to address their
specific business requirements and store additional
data relevant to their operations. The flexibility and
extensibility of Salesforce CRM allow businesses to
tailor the object structure to align with their unique
processes and workflows.

CHALLENGES TOWARDS SALESFORCE
CRM

While Salesforce CRM offers numerous benefits and
features, organizations may encounter some challenges
when implementing and using the system. Here are a
few common challenges faced by businesses in relation
to Salesforce CRM:

User Adoption: Getting users to adopt Salesforce CRM
can be a challenge. Some employees may be resistant to
change or may not fully understand the benefits of using
the CRM system. Proper training, communication,
and ongoing support are essential to encourage user
adoption and maximize the system’s effectiveness.

Data Quality and Data Integration: Maintaining
accurate and up-to-date data within Salesforce CRM
can be challenging, especially when integrating data
from multiple sources. Data inconsistencies, duplicates,
and incomplete records can impact the system’s
reliability and hinder decision-making. Establishing
data governance practices and implementing data
integration strategies are crucial to ensure data quality
and integrity.

Customization Complexity: Salesforce CRM offers a
high level of customization to meet specific business
needs. However, the complexity of customization
options can be challenging for administrators and
developers without proper expertise. Customization
should be carefully planned and executed to avoid
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creating a system that is difficult to maintain or upgrade
in the future.

Scalability and Performance: As organizations grow
and their data volume increases, Salesforce CRM’s
scalability and performance may come into question.
Large data sets, complex workflows, and extensive
customizations can impact system responsiveness.
Proper data architecture design, performance
optimization techniques, and regular monitoring are
necessary to maintain system performance as usage
expands.

Integration with Legacy Systems: Integrating
Salesforce CRM with existing legacy systems and
applications can pose challenges due to differences in
data formats, protocols, or APIs. Ensuring seamless data
flow and real-time synchronization between Salesforce
and other systems requires careful planning, integration
strategies, and potentially the use of middleware or
integration platforms.

CostConsiderations: Salesforce CRM is a subscription-
based service, and the cost can be a concern for some
organizations, especially for smaller businesses or
those with limited budgets. Understanding the pricing
structure, licensing options, and evaluating the return
on investment (ROI) is crucial to determine the
affordability and long-term value of Salesforce CRM.

Security and Compliance: While Salesforce provides
robust security measures, organizations must still
ensure that their data and customer information
remain secure and compliant with relevant regulations.
Maintaining proper access controls, data encryption,
user authentication, and monitoring user activity are
essential to protect sensitive data within the CRM
system.

It’s important to note that while these challenges exist,
Salesforce CRM provides extensive resources, support,
and a vibrant community to address them. Proper
planning, implementation, and ongoing management
can help organizations overcome these challenges and
leverage the full potential of Salesforce CRM.

SALESFORCE CRM ADVANTAGES

Salesforce CRM offers a range of advantages that
can benefit organizations in managing their customer
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relationships and driving business growth. Here are
some key advantages of Salesforce CRM:

Comprehensive Customer View: Salesforce CRM
provides a centralized platform to store and manage
customer data, allowing organizations to have a
360-degree view of their customers. It enables
businesses to track interactions, preferences, purchase
history, and other relevant information, empowering
them to deliver personalized and targeted experiences.

Increased Sales Efficiency: Salesforce CRM
streamlines the sales process by providing tools for
lead management, opportunity tracking, and sales
forecasting. Sales teams can effectively manage their
pipelines, collaborate on deals, and automate routine
tasks, resulting in increased productivity and faster
sales cycles.

Marketing Automation: Salesforce CRM offers robust
marketing automation capabilities. Organizations can
create and execute targeted marketing campaigns, track
campaign performance, and analyze results. Integration
with email marketing, social media, and other
marketing channels allows for seamless coordination
and automated workflows, enhancing marketing
effectiveness.

Improved Customer Service: Salesforce CRM helps
organizations deliver exceptional customer service
by providing tools for case management, ticketing,
and self-service portals. Customer support teams can
efficiently resolve inquiries, track customer issues,
and provide timely assistance, resulting in improved
customer satisfaction and loyalty.

Collaboration and Communication: Salesforce
CRM facilitates collaboration and communication
across teams and departments. Features like Chatter,
Salesforce’s enterprise social network, enable real-
time communication, document sharing, and team
collaboration. This fosters a culture of knowledge
sharing, enhances cross-functional collaboration, and
improves internal communication.

Mobility and Accessibility: Salesforce CRM is
accessible from anywhere via web browsers and
mobile applications. This enables sales and service
teams to access customer information, update records,
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and collaborate on the go, improving productivity and
responsiveness.

Scalability and Flexibility: Salesforce CRM is highly
scalable, allowing organizations to add users, expand
functionality, and accommodate growth seamlessly.
The platform can be easily customized and extended
through point-and-click configuration or development,
enabling businesses to tailor the system to their unique
requirements.

Integration Capabilities: Salesforce CRM provides
robust integration capabilities, allowing seamless
integration with other systems and applications. This
facilitates data synchronization, automates workflows,
and enables a unified view of customer information
across the organization.

Analytics and Insights: Salesforce CRM includes
powerful reporting and analytics features, enabling
organizations to gain valuable insights into sales
performance, customer behaviour and marketing
effectiveness. Customizable dashboards and reports
providereal-time visibility into key metrics, empowering
data-driven decision-making.

Security and Data Protection: Salesforce CRM
prioritizes data security and offers robust security
features, including data encryption, access controls,
and user authentication. The platform complies with
industry standards and regulations to ensure the privacy
and protection of customer data.

These advantages make Salesforce CRM a popular
choice for organizations seeking to enhance customer
relationships, streamline sales and marketing processes,
and drive business growth.

CONCLUSION

In conclusion, Salesforce CRM offers significant
benefits and advantages for organizations in managing
customer relationships and driving business growth.
With its comprehensive customer view, increased
sales efficiency, marketing automation capabilities,
and improved customer service features, Salesforce
CRM provides a powerful platform for organizations
to enhance their customer engagement and deliver
personalized experiences. The collaboration and
communication tools within Salesforce CRM foster
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teamwork and knowledge sharing, while the mobility
and accessibility features enable users to access and
update information on the go, improving productivity
and responsiveness.

The scalability and flexibility of Salesforce CRM
allow organizations to adapt and expand as their
needs evolve, while the integration capabilities
enable seamless connectivity with other systems and
applications, ensuring data synchronization and a
unified view of customer information. Furthermore,
the analytics and reporting features in Salesforce CRM
empower organizations to gain valuable insights into
sales performance, customer behaviour and marketing
effectiveness, enabling data- driven decision-making
and continuous improvement.
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ABSTRACT

As technology continues to evolve, the threat of cyber attacks becomes more prominent. Cybersecurity has
become a top priority for organizations worldwide, and the need for effective cybersecurity measures has become
increasingly important. This paper will discuss the various threats faced by organizations, including malware,
phishing, and ransomware attacks. The challenges associated with implementing effective cybersecurity measures

will also be explored, including budget constraints and lack of expertise.

KEYWORDS: Cybersecurity, Cyber threat, Security

INTRODUCTION

( j ybersecurity is the practice of securing computer
frameworks, systems, and delicate data from
unauthorized get to, burglary, or harm. With the

growing usage of technology in various industries, the

risk of cyber threats has increased significantly, making
cybersecurity a top priority for organizations worldwide.

This paper aims to provide an overview of the threats,

challenges, and best practices in cybersecurity.

TYPES OF CYBER SECURITY

Cyber security can be broadly categorized into several
types or domains, based on the nature of the assets being
protected or the focus of the security measures [4].A few
of the foremost common sorts of cyber security include:

Network security: This focuses on protecting computer
networks from unauthorized access, intrusion, and other
security threats.

Application security: This is concerned with securing
software applications and systems from security
vulnerabilities and exploits that can be exploited by
attackers.
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Information security: This points to secure the privacy,
keenness, and accessibility of touchy information and
data resources, both in capacity and in travel.

Cloud security: This deals with protecting cloud-based
computing services, applications, and data storage from
security threats and risks.

Endpoint security: This points to secure person
gadgets, such as tablets, desktops, and versatile gadgets,
from malware and other cyber dangers.

Identity and access management: This is concerned
with managing and securing user identities and access
to systems and resources.

Operational security: This focuses on securing the
physical and operational aspects of IT systems, such as
data centers, networks, and hardware.

Disaster recovery and business continuity: This is
concerned with ensuring that systems and data can be
quickly restored and recovered in the event of a disaster
or other disruptive event.
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CYBER THREATS

Malware is one of the most common cybersecurity
threats. Malware is malicious software that can infiltrate
a computer system and cause damage, steal sensitive
information, or gain unauthorized access to the system.
Malware can be of many forms such as viruses,
worms, Trojan horses, and ransomware. Ransomware
is considered as a type of malware, it encrypts an
organization’s data and demands a ransom payment
to restore access of users[6]. According to the 2021
Verizon Data Breach Investigations Report, malware
was responsible for 39% of all data breaches.

Phishing is another cybersecurity threat being faced by
organizations. Phishing is a social engineering attack
that involves tricking people into providing sensitive
information such as usernames and passwords. Phishing
attacks can happen through e-mail, content messages,
or social media, and can be challenging to distinguish.

IMPACT OF CYBER THREATS

The impact of cyber threats can be devastating, both
for individuals and organizations. Some of the most
significant impacts of cyber threats include:

Financial loss: Cyber threats can cause significant
financial losses for an organization. For example,
ransomware assaults can result from the misfortune
of basic information, which can be costly to recover.
Additionally, cyber-attacks can result in lawsuits,
regulatory fines, and damage to a company’s reputation,
all of which can be expensive to address.

Operational disruption: A cyberattack can disrupt
an organization’s operations, causing downtime, loss
of productivity, and delays in the delivery of goods or
services. This disruption can be particularly harmful to
little and medium-sized businesses which will not have
the resources to recover quickly from an attack.

Personal information breach: Cyber threats can lead
to burglary of individual data such as social security
numbers, credit card numbers and bank points of
interest. This data can be utilized for burglary, which
can have a long-term effect on individuals.

National Security: Cyber threats can pose a threat
to national security. For example, cyberattacks can
be utilized to disturb basic frameworks such as
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control lattices and transportation, causing chaos and
devastation.

RECENT SURVEY ISSUES ON CYBER
SECURITY TRENDS

Cybersecurity includes awareness of various cyber
threats [1] and the use of protective policies (i.e.
protection) to ensure the confidentiality, reliability and
availability of digital or IT technologies.

Cybersecurity experts consider malware to be the
primary weapon of choice for cyberspace cyber defence
efforts. Malware is a common attack that is often
installed on a device without the owner’s knowledge.
Like viruses, worms, Trojans, spyware, and robot
executables, malware can infect computers in many
ways, such as spreading through viruses, tricking users
into opening haptic files, or tricking users into visiting
malware-infected websites. In the most extreme cases
of malware, the malware installs itself on a USB drive
attached to the infected computer and then spreads to all
connected computers for that computer.

Common Cyber Attacks

Phishing: Phishing attacks include deceiving people
into uncovering touchy data such as passwords, credit
card numbers, or social security numbers. Typically
ordinarily done through misleading emails, messages,
or websites that show up authentic but are really false.

Malware: Malware is malicious software, it is
designed to corrupt, damage devices/systems, and to
gain unauthorized access to systems. Malware includes
viruses, worms, Trojans, ransomware, etc. It can infect
through links received from email, infected websites, or
downloads from untrusted websites.

Denial-of-Service (DoS) / Distributed Denial-
of-Service (DDoS) Attack: In a DoS attack, the
aggressor overpowers a target framework with a surge
of ill-conceived demands or information, causing the
framework to end up inert or crash. DDoS assaults
include different compromised gadgets (a botnet)
planning an assault on a single target.

Man-in-the-Middle Attack: In Man-in-the-Middle
Attack or MitM attack, an attacker intercepts and
potentially alters communication between two parties
without their knowledge. This allows the attacker to
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eavesdrop, steal information, or even inject malicious
code into the communication flow.

SQL Injection: This type of attack targets web
applications that use databases by injecting malicious
SQL code into user input fields. By exploiting
vulnerabilities, attackers can manipulate the
application’s database and gain unauthorized access,
steal data, or alter data.

Cross-Site Scripting (XSS): XSS assaults happen
when aggressors infuse malevolent scripts into websites
or web applications that are seen by other clients. These
scripts can take touchy information, divert clients
to pernicious websites, or control substance on the
influenced pages.

Social Engineering: Social engineering involves
manipulating individuals to pick up unauthorized get to
to frameworks or data. Attackers may utilize different
mental procedures to deceive people into revealing
confidential data, such as passwords or account details.

Password Attacks: Password attacks aim to gain
unauthorized access to user accounts by exploiting
weak or stolen passwords. Common techniques include
brute force attacks (trying all possible password
combinations), dictionary attacks (trying common
words or phrases), or using stolen password databases
from previous breaches.
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GOALS OF CYBER SECURITY

To secure the secrecy, judgment, and accessibility of
data and frameworks from unauthorized get to, utilize,
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divulgence, disturbance, alteration, or devastation. In
other words, cyber security aims to prevent malicious
actors, such as hackers, cyber criminals, and cyber
terrorists, from gaining unauthorized access to sensitive
information and systems, or from causing harm to them.

To achieve these goals, cyber security uses a range of
technical, organizational, and procedural measures,
such as firewalls, encryption, access controls, network
segmentation, incident response plans, training and
awareness programs, and risk assessments. Cyber
security aims to ensure compliance with legal
requirements, such as industry standards, privacy
laws, data protection laws,etc . Overall, the ultimate
goal of cyber security is to create a secure and resilient
cyberspace that enables individuals, organizations, and
society to benefit from the opportunities offered by the
digital age.

CHALLENGES

Implementing effective cybersecurity measures can be
challenging for organizations due to several reasons.
One of the primary challenges is budget constraints, as
implementing cybersecurity measures can be expensive.
Numerous organizations battle to apportion satisfactory
assets to cybersecurity, driving to vulnerabilities in their
systems [2].

Another challenge is the lack of cybersecurity
expertise. Many organizations do not have individuals
with the necessary skills and knowledge to implement
and maintain cybersecurity measures. This lack of
expertise can lead to inadequate security measures or
misconfigured systems, making them vulnerable to
cyber threats.

Furthermore, the lack of standardization in
cybersecurity practices can make it challenging for
organizations to know which measures to prioritize.
Different organizations have diverse security needs, and
there is no one-size- fits-all approach to cybersecurity.
Therefore, organizations must develop a cybersecurity
strategy that meets their specific needs.

Following are few of the challenges that can be faced:

Increasing complexity of systems: As systems become
more complex, they become harder to secure, as
attackers have more potential attack vectors to exploit.
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Insider threats: Malicious or accidental insiders can
pose a critical danger to cybersecurity, as they have
access to all the sensitive information and systems.

Rapidly evolving threats: Attackers are constantly
developing new techniques and tools to bypass
cybersecurity measures, making it challenging for
defenders to keep up.

Lack of skilled personnel: There is a shortage of
skilled cybersecurity personnel, making it difficult for
organizations to effectively defend against cyber threats.

Balancing security with usability: Security measures
that are too strict can negatively impact usability and
productivity, making it a challenge to strike a balance
between security and usability.

Resource constraints:  Organizations may face
budget constraints, making it difficult to implement
comprehensive cybersecurity measures.

Third-party risks: Organizations may be vulnerable to
cyber-attacks through third-party vendors or suppliers
that have access to their networks or data.

Compliance requirements: Compliance requirements
such as GDPR or HIPAA can add additional complexity
to cybersecurity efforts and require additional resources.

Lack of awareness and training: Lack of awareness
and training among employees can leave organizations
vulnerable to cyber-attacks.

Emerging technologies: The emergence of new
technologies such as Al, 10T, and blockchain present
new cybersecurity challenges that need to be addressed.

BEST PRACTICES

Despite the challenges, there are several best
practices that organizations can implement to mitigate
cybersecurity threats. One of the most critical practices
is employee training. Human error is a major factor
in many cyber- attacks. Therefore, organizations must
provide regular training to employees on cybersecurity
best practices, such as how to identify phishing emails
and how to create strong passwords.

Another best practice is to ensure that all software is
regularly updated. Cybercriminals regularly abuse
vulnerabilities in obsolete computer programs to pick up
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unauthorized get to frameworks [3]. Regular upgrades
to programs can fix known vulnerabilities and decrease
the hazard of cyber threats.

Implementing strong passwords and multifactor
authentication can also significantly improve
cybersecurity. Weak passwords can lead to data breaches.
Therefore, organizations must require employees to
make solid passwords that are troublesome to figure out.
MFA or Multi factor authentication adds an extra layer
of security as it requires users to provide additional
information, such as a fingerprint, a verification code
sent to their devices such as mobile/tabs, to access their
system.

Other measures that organizations can implement to
improve cybersecurity

One important measure is to conduct regular
vulnerability assessments and penetration testing.
[5] Vulnerability assessments involve identifying
potential vulnerabilities in systems and networks,
while penetration testing involves attempting to exploit
these vulnerabilities to determine whether they can be
used to gain unauthorized access[2]. By conducting
these assessments and tests, organizations can identify
weaknesses in their systems and networks and take
steps to address them before cybercriminals can exploit
them.

Another important measure is to implement a data
backup and recovery plan. Data backups are essential
in case of a cyber-attack, as they can help organizations
restore lost or corrupted data. Additionally, having a
recovery plan in place can help organizations quickly
recover from a cyber-attack, reducing the impact of the
attack on their operations.

Implementing network segmentation is also a best
practice in cybersecurity. Arrange division includes
separating an organization into littler fragments, each
with its own security controls. This approach can limit
the spread of malware or other cyber threats, reducing
the potential damage of an attack.

Organizations should consider implementing a security
operations center (SOC) or managed security services
provider (MSSP). SOC is a team of cybersecurity
professionals responsible for monitoring systems
and networks for potential threats and responding to
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incidents. An MSSP is a third-party provider that offers
cybersecurity services to organizations. These providers
can offer advanced security solutions and expertise that
organizations may not have in-house.

CONCLUSION

Cybersecurity is a critical issue for organizations, and
the risks associated with cyber threats are increasing.
Organizations must prioritize cybersecurity measures
and allocate adequate resources to protect their systems
and sensitive information. The threats to cybersecurity
are numerous, ranging from malware to phishing attacks,
and organizations must develop a cybersecurity strategy
that meets their specific needs. Despite the challenges,
there are various best practices that organizations can
implement to overcome cybersecurity threats, such as
training all the employees, updating softwares regularly
and the implementation of strong passwords and MFA
(multi factor authentication). Staying up to date with the
latest threats and best practices is crucial in maintaining
an effective cybersecurity strategy.
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ABSTRACT

This paper describes the development of a runner game with interactive learning features aimed at enhancing
players’ knowledge and skills in programming. The game is designed as a mobile app for Android and iOS
platforms and targeted Computer Science students. The development process involves several phases, including
game design, content creation, programming, and testing. The game mechanics are based on the endless runner
genre, with the addition of interactive learning elements such as quizzes and puzzles that provide players with
opportunities to reinforce their knowledge while playing. The game is evaluated through a user study with college
students, which demonstrates that the game is engaging and effective in promoting learning outcomes. The results
show that players who completed the game exhibited significantly higher knowledge retention [10]. The study also
provided insights into the game’s soundness and fragility, as well as suggestions for future improvements. Overall,
this paper contributes to learning by showcasing an example of how games can be designed to promote interactive
learning and engage students in meaningful educational experiences.

KEYWORDS: Algorunner, Virtual model, Runner game,
INTRODUCTION

ccording to the principle of based on games
Alearning, students can focus intensely on a

subject while playing games, which improves
student accomplishment and knowledge retention. This
includes gamifying instructional strategies to raise all-
around student performance. With digital or non-digital
gaming experiences, it is possible to give conventional -
classroom assignments a little extra spark, boosting
student interest and engagement.

User interface(ui) component

scores. It can take a lot of effort and money to create
these games for game-based learning. There is a gap
between education experts and game development
experts, leading to productivity issues in the area of
game-based learning.

Goals or Objectives:
To Gamify the process of learning.

- To provide a competitive and fun way to learn
boring topics.
Gamification is the art of adding gameplay principles
such as badges, scores, leaderboards, and other features
to a game to make your journey challenging yet
satisfying for each small accomplishment. Students
are given clear, satisfying objectives to work towards
through game projects and instructions. Using game- -
based learning is a fascinating topic. While some
experts resist that game-based learning enhances test
scores compared to conventional teaching methods,
others contend that there is little to no difference in test

- To provide an interactive way to learn puzzles
asked in placement tests.

- To improve hand eye coordination.
To provide a beneficial way to pass time.
LITERATURE SURVEY

Game-based learning is an innovative approach to
education that involves the use of games to improve
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learning outcomes. Research on game-based learning
has increased in recent years, with numerous studies
examining its effectiveness in improving learning
outcomes. Game-based learning is a relatively new
area of research that focuses on the use of games as
educational tools. The body of research on game-based
learning has developed over time, moving from early
investigations into the potential educational value of
games to more current investigations into the efficiency
of certain game-based learning treatments.

Early research into the potential benefits of games
for learning: The first game-based learning study
explores the potential benefits of games for cognitive
development and learning. An influential study was
“The Effects of Video Games on Children: What
Parents Need to Know”, published in 2004 by Cheryl
K. Olson and Lawrence A. Kutner. The study, which
asked parents about their children’s use of video games,
found that playing video games can have positive
effects on cognitive development, such as improved
spatial reasoning and communication skills. problems
solving. [5]

The Rise of Serious Games: In the mid-2000s,
researchers began investigating the use of games
designed specifically for educational purposes, known
as serious games. A key article in this area is “Serious
Games: Advergaming, Edugaming, Training, and
More” by Clark C. Abt in 2006. This article defines
the concept of serious games and identifies several
categories of serious games, such as adgames (games
used for advertising) and edugames (games used for
education). [3]

Research on how well game-based learning interventions
work. The success rate of educational game interventions
has been the subject of greater study in recent years. An
example well known is “Learning from Play: A Panel
Discussion Using Games for Learning” by Katie Salen,

James Paul Gee and Colleen Macklin, 2009. This article
features a panel discussion between game designers
and educators, discusses the potential benefits and
limitations of game-based learning, and shares examples
of successful game-based learning interventions. [6]
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Digital instructional games can be useful teaching tools,
according to research. When examining the learning
process and success, researchers advise concentrating
on motivation, game load, and their interactions. When
non-native speakers play an English game, gaming
knowledge and English skill of the students appear to
be additional crucial factors in learning achievement.
However, more information is required and has to be
clarified concerning the motivational and cognitive
effects of games and learner characteristics on learning
outcomes. The goal of the current study was to meet this
demand. [7]

Shute and Ventura (2013) Measuring and Supporting
Learning in Games: The concept of invisible evaluation
in game- based educational settings is the main topic of
Invisible evaluation. The authors explain how data can
be used to measure and assess learners’ knowledge,
skills, and abilities without interrupting their gaming
experience. They describe different types of stealth
assessment methods and provide practical guidance
for their implementation in game-based learning
environments. The book also explores the potential
benefits and challenges of using stealth assessment and
identifies future research directions for this approach to
game assessment. [2]

Mayer (2014) The Cambridge Handbook of Multimedia
Learning explores the potential of game-based learning
as an effective teaching method. The book discusses the
cognitive and motivational mechanisms of game-based
learning and provides practical guidelines for designing
effective game-based learning environments. It also
highlights the benefits and challenges of using games
for learning and identifies future directions for research
to advance the field of game- based learning. Overall,
this book provides valuable information to educators
and researchers interested in using games as a tool to
improve learning outcomes. [4]

Among the authors Arnab, S., Lim, T., et al. (2015)
provided game mechanic mapping for game analysis.
This article begins an overview of serious games and
their potential as educational tools. The framework is
then presented, which consists of four components,
including gaming environments, learning objectives,
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and game mechanisms. The author provides detailed
definitions and examples of each component,
emphasizing their interdependence and the need to
consider them when analyzing serious games. The
authors suggest that the framework could help game
designers create more effective serious games by
providing a structured approach for understanding the
connection between game mechanics and educational
results. Additionally, the framework can help
researchers and educators evaluate the effectiveness of
serious games by providing a common language and set
of analytical criteria. Overall, this document provides a
comprehensive and practical framework for the analysis
of serious games and emphasizes how crucial it is to
take the connection between game design and learning
objectives into account.|8]

Kiili and Ketamo’s (2017) article “Game-Based Digital
Learning: A Meta-Analysis” offers a comprehensive
literature review on game-based digital learning. The
authors conducted 87 empirical studies published
between 2006 and 2016 were analysed in a meta-analysis
to determine the efficacy of game-based digital learning
across a variety of educational contexts and topics. The
article begins with an overview of game-based digital
learning and its potential benefits, such as increased
engagement, motivation, and learning outcomes. The
authors then describe their approach to meta-analysis,
including systematic review of relevant databases,
selection of articles based on inclusion criteria, and
extraction and analysis of data from selected studies.
The results of the meta-analysis suggest that digital
game-based learning is an effective teaching tool
across a range of disciplines and educational contexts.
The authors found that digital gaming improves
learning outcomes such as knowledge acquisition, skill
development, and problem solving. Additionally, the
authors found that digital game-based learning was
particularly effective for low-achieving students and
students with learning disabilities. These findings have
important implications for educators and policy makers
interested in using digital games as educational tools.

[9]
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The research literature on game-based learning provides
insight into the benefits, challenges, and effective
design principles of using digital games for educational
purposes. Here are some key findings from the research

paper:

* Game-based learning can improve motivation
and engagement: Games have been shown to be
effective in increasing learners’ motivation and
engagement in the learning process. This is due
to immersive nature of game, the presence of
clear goals, immediate feedback, and element of
challenge and competition.

* Games can improve learning outcomes: Digital
games have been shown to be effective in promoting
learning outcomes, such as knowledge acquisition,
skills development, and problem-solving abilities.

* The secret to good game development is: The
usefulness of the game as a teaching tool is greatly
influenced by its design. Clear learning objectives,
a suitable degree of difficulty, and insightful
feedback should all be included in the design of
game-based learning. The game should also take
the learners’ interests and competency levels into
consideration.

Overall, the studies on game-based learning offer proof
of the potential advantages of adopting computer games
as a teaching tool. The findings suggest that game-
based learning can improve motivation, engagement,
and learning outcomes, and that effective game design
is key to its success. However, more study is required
to determine the best game-based learning design
and execution as well as to solve the difficulties and
restrictions related to its application.

PROPOSED WORK

The intent of our project is to gamify the process of
learning and provide a competitive and fun way to learn
academics topics and interactive way to learn puzzles
asked in placement tests. This includes the system’s
architecture, functional modules, and overall system
flow.
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System Architecture
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Fig.1: System Architecture for AlgoRunner
Flow of the System

We have shown the flow of our project in Fig.2. The
student is the main user which will use the app. The
User will start playing, he/she can move left or right
according to rescue from obstacle. If user meets with an
obstacle he will die and the game will end. If the user
does not meet with an obstacle, after some interval of
time questions along with three options as an answer
will pop up on screen. The user has to choose the correct
option, if the selected answer is correct, he can continue
to play else he will have to retry the game.
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Fig.2: Flowchart for AlgoRunner
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Functional Modules

Three modules make up the entire system. Those are Ul
Component, Actions, Quiz Manager.

Ul Component

This will act as a base for the application where the user
just has to swipe the character (Runner) and dodge the
oncoming obstacles.

Actions

The character can JUMP, SLIDE, MOVE LEFT, MOVE
RIGHT to dodge the obstacles. If the runner meets with
an obstacle, he will die and the game will end.

Quiz Manager

While the user is playing the game they will receive
questions randomly in between they will have to answer
the questions correctly within a specified time else
they will have to start over. The user has to choose the
correct option , if the selected answer is correct, he can
continue to play else he will have to retry the game.

Score formula
Score = (int) zaxis_distance * 0.5 + answer_score

RESULT

When the user starts the game, it will look like an endless
road and there will be obstacle generation as shown in
Fig.3. The user can move left or right to rescue from the
obstacle which are getting generated with the endless
road generation. It will also display the highest score
of the user at the top of the screen which will help to
improve the performance of the user.

Fig. 3. Endless Road/Obstacle Generation
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WHAT IS THE MAXIMUM
NUMBER OF SWAPS THAT
-~ CAN BE PERFORMED IN THE
SELECTION SORT
ALGORITHM?

n-1 | ]

-

When the question screen as shown in Fig. 4 pops the
user has to answer the question correctly to progress
further otherwise the game ends and shows “try again”
screen. If the user has answered correctly the question
screen will pop again after a set amount of time and

this process is repeated endlessly until the user either
answer incorrectly or collides with an obstacle.

n-2

Fig. 4. Quiz Generation

TRY AGAIN

Fig. 5: Fail Screen
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If the user gets stuck with the obstacle that are generated
along with way, it will end the game and a screen will
pop up as try again as shown in Fig.5. Also, if the
answer got incorrectly, it will also show the fail screen
as shown above and automatically the score board will
be calculated.

APPLICATIONS

A. Schools and Universities: The same teaching
model has been followed for decades where teachers
focus more on curriculum completion resulting in
an unproductive learning system. Spark interest in
coding in schools where students are new to coding.
At a university where students improve their skills
and knowledge. Education centers should establish

healthy competition among students.

Competitive Learning: Competitive learning is
a teaching method that lets students try out new
research skills without worrying about making
mistakes or getting low grades. It can be a fun
way to learn and can help students become more
engaged in their studies.

CONCLUSION

In this research paper, the developed application
addresses the tediousness of learning programming
concepts among students. We applied our engineering
knowledge to analyze the problem and designed a
modern engineering solution in two modules. Through
investigating available applications, we identified
new solutions and updates. The implementation of the
application was done using modern tools such as Visual
Studio.

Our study acknowledged the positive influence of
game-based learning on motivation, participation,
and overall satisfaction with learning. Throughout the
project, we applied professional ethics and understood
the importance of individual and team work and
communication skills while presenting the project
in various competitions and conferences for project
management.

This research paper presents a proposed solution that
can be developed at a generalized level for multiple
sectors for life-long learning. It contributes to the
advancement of mobile application development for
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game-based learning, addressing the educational needs
of students in a modern and interactive manner. Future
research can further explore the effectiveness and
impact of game-based learning applications in different
educational settings and contexts.
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ABSTRACT

Quantum Machine Learning is very promising and an upcoming area that makes use of the principles of Quantum
Computing and Machine Learning to process and analyze large data sets more efficiently. QML is supposed to
revolutionize many areas, including healthcare, medicine& drug discovery.

Early disease diagnosis is very crucial for effective treatment & improved patient outcomes. Delay in disease
diagnosis can have significant negative effects on not only patients but also care givers and the whole healthcare
system. Delay in diagnosis causes disease progression, making it more difficult to treat and potentially leading to
complications.

In the context of QML, early diagnosis could involve analyzing large datasets of patient information, such as
medical records and imaging data, to identify patterns and indicators of disease at an early stage so as to suggest
early medication and proper treatment plan. There are many studies being carried out to explore the possible uses
of Quantum Machine Learning in healthcare. Here, in this paper we have tried to do the critical analysis of these
studies and tried to show their results and the comparison with the traditional machine learning algorithms.

The results obtained by Yogesh Kumar et.al. [28] using the QRFC (Quantum Random Forest Classifier) were:
Accuracy was 0.86, F-Score=0.88, Recall=0.91 and Precision was 0.83. Whereas, by using the traditional algorithm
(RFC) the values were: Accuracy=0.83, F1-Score=0.85, Recall=0.88 and the Precision was 0.80. Thus in their case,
the Quantum version of the algorithm showed better results. There was also a comparison of the execution times
of conventional and quantum-enhanced machine learning algorithms, with the quantum random forest having the
shortest execution time by 150 ms. Consequently, the work offers a mechanism to quantify the differences between
conventional and quantum enhanced ML algorithms in order to choose the best strategy for disease detection.

KEYWORDS: Quantum machine learning, Disease diagnosis, Machine learning, Quantum Ccmputing, OML.
INTRODUCTION

learning algorithms often struggle with processing large

uantum Machine Learning (QML) is a

prominent field that makes use of quantum

mechanics & machine learning principles to
process and analyze large sets of data more efficiently.
QML algorithms are supposed to leverage the inherent
properties of the quantum systems, viz. Quantum
‘Superposition’ & ‘Entanglement’, for performing
certain computations faster and more accurately than
classical algorithms.

The field of machine learning aims to develop algorithms
that learn from the given data & accordingly make
decisions / predictions. However, traditional machine
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datasets due to limitations in computational power and
memory.

QML seeks to address the aforesaid limitations
by exploiting quantum system’s unique properties
for enhancing the efficiency &accuracy of ML
algorithms. The Quantum systems are able to perform
certain calculations faster than classical systems by
simultaneously considering multiple possibilities
through quantum superposition. The Figure 1 shows the
overall process of disease diagnosis.

The way we analyze and understand medical data in
the context of healthcare has the potential to undergo
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a revolutionary change thanks to QML. By using the
quantum systems’ processing power, QML algorithms
could aid in the early detection and diagnosis of diseases,
leading to better patient outcomes and more effective
treatments. Furthermore, quantum sensors could
provide more detailed and precise medical imaging,
allowing for more accurate diagnoses and treatments.

Despite its promising potential, QML, at present is in
its early development stage. Many of the challenges
need to overcome, such as developing algorithms
that can work with limited qubits available in current
quantum computers, & developing new hardware and
software tools to support QML applications. However,
as quantum technology continues to advance, QML is
likely to have an increasingly significant role in various
fields viz. engineering, finance, and healthcare.

Here, we have tried to highlight the fundamental
quantum computing application areas & the analysis of
its significance in healthcare systems. The processing
methods and the applications of Classical ML & the
Quantum Machine are visualized in Fig. 2.
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Figure 1: Disease Diagnosis Process
(Image Source: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4779119/bin/nihms764405f1.jpg)
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Fig.2: Processing methods and the applications of CML
and QML
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(Image Source:https://scx1.b-cdn.net/csz/news/800/2017/3-
quantummachi.jpg)

It implies that we will have a better of everything
from medicines having less side effects to far better
diagnostics. In order to exploit quantum computing in
healthcare, we are required to develop new ‘quantum
applications.’

We have tried our best to review literature related to
quantum computing & the propensity in design -
development of the healthcare - systems that will be
considered as next generation. The present work, its
causes, effects & future directions in research for a
coherent implementation of the quantum computing
healthcare related systems has been discussed.

LITERATURE REVIEW

The main goal of ML is to train a computer making use
of the algorithms which have already processed data.
The tendency of “Quantum Tunneling” encourages
the computation of optimization problems quickly
(3, 4, 17]. Using the subsets of the ‘supervised’ & the
‘unsupervised’ or ‘deep’ learning, classic methods of
machine learning aid in the classi