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accepted to the conference: Biology, Chemistry, Engineering, Mathematics, Physics and Technology.
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Abstract: In context of technology, cybersecurity has seen vital technological and operational developments
in recent years, with information science at the forefront of the revolution. The key in creating a complicated
and automatic security system is extracting network activity patterns or cybersecurity information insights and
constructing an identical data-driven model. The applying of a spread of scientific methodology, machine
learning techniques, processes, and systems; information science is to grasp and analyse actual occurrences with
information. During this analysis, the researchers consider and in short justify cybersecurity information
science, during which information is obtained from relevant cybersecurity sources as well as legislations and
analytics are wont to supplement the most recent data-driven trends to supply more practical security solutions.
The paradigm of cybersecurity information science, in distinction to standard cybersecurity computing
techniques, permits for more practical and complex computing. Researchers check and highlight variety of
connected analysis topics and future directions. Additionally, researchers propose a multi-layered framework for
cybersecurity modelling. Overall the target is to target the connection of data-driven deciding framework model
for safeguarding systems from cyber-attacks, instead of simply discussing cybersecurity information science and
applicable approaches.

Keywords: Cyber security, cybercrime, data analytic, legislations

Introduction

Data analytics is a strategy for ensuring accurate data analysis, cleansing, altering, and modelling via the
application of proper analysis. Data analysis aids in the discovery of important nuances and leads to a positive
outcome. Cybercrime is now a factor in all projects, as part of Malaysia's National Policy on Industry 4.0, which
aims to improve the country's industrial capacity by enacting appropriate legislation to combat the use of ICTs
for illegal purposes. Assuming that the cybercrime data is thoroughly investigated, the outcome might be
quickly concluded, allowing better judgments to be made about combating cybercriminals through appropriate
laws. Cybercrime is sometimes confused with a presentation that focuses solely on computers and the internet.
However, not all cybercrime is limited to computers and the internet; for example, the instance of Joseph Marie
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Jacquard and another common model would be dumpster diving , which is a tactic for recovering data that
might be used to launch an attack on a computer network. Their presentation includes not just scanning the trash
for valuables, but also getting access and a secret key written on scribbled notes (Lew, 2020).

Vizom is a popular video conferencing programme that is now important to companies and social life as a result
of the coronavirus outbreak (Brewer, 2021). The danger with such attacks is that they can eventually lead to a
cascade breakdown of interbank finance, perhaps sparking a bigger systemic liquidity crisis. In all of these
circumstances, the companies' activities are so linked with those of other organisations in their respective
countries that their collapse will certainly cause those other or connected businesses to fail as well. As a result,
protecting such infrastructures, also known as key information infrastructures, is considered a national security
concern.

Background of the study

Cyber-attacks are frequently in the news, posing a security risk to governments, sectors, and enterprises. Things
might grow even worse with society's dependency on technology and the emergence of the internet of things. As
seen by the devastating malware they employ to target enterprises, cyber thieves are becoming more intelligent
and sophisticated.

This paper focuses on the current tend challenges of data analytic on cybersecurity in Malaysia and Malaysia is
chosen to be the country for this research due to its strategic economic geographical location and Malaysia has
been classified among the top ten nations with a strong commitment to cybersecurity in the International
Telecommunications Union's Global Cybersecurity Index 2020 study (ITU). Malaysia faces many challenges in
defending its cybersecurity domain. The information was gathered through interviews with experts in the field
of cybersecurity. The findings indicated that in order to incorporate a cybersecurity aspect in the organisation,
awareness and funding are critical. Due to the Prime Minister's digital economy blueprint, YAB Tan Sri Dato'
Haji Mahiaddin container Haji Mohd, Yassin in 2021, a substantial increase in cyberisation would be 81 percent
of Malaysians are now dynamic via web-based media in 2020, and 90 percent of government is now online
(Mok, 2021). Simultaneously, concerns about cyber security approaches on advancement toward administrative
arrangements command and updating outdated legislation are needed to provide robustness in combating cyber-
attacks as Malaysia's cyberization progresses.

Literature Review

Industry 4.0 offers great benefits to businesses in terms of long-term viability. Internet of things, big data,
supply chain, cloud computing, horizontal and vertical integration, autonomous robot, addictive manufacturing,
cyber security, simulation, and augmented reality are the nine pillars in total. However, cyber security is the
most significant problem in this digitalization era. The privacy and security of data will always be top security
priorities for every firm.

All individuals, professionals, legislators, and, more broadly, all decision makers are concerned about
cybersecurity. It has also become a big problem for societies that must protect itself against cyber-attacks using
both preventative and reactive methods, which include a lot of monitoring, while still preserving their
independence and avoiding widespread surveillance. Computer security, often known as cyber security or IT
security, is the safeguarding of computer systems against harm to their hardware, software, or information, as
well as disruption or misdirection of services they offer (Roca , 2019). Data integrity is a challenge in cyber
security management. Due to the vast amount of information and data, securing data integrity in an 10T context
has proven to be rather difficult. Data from many sources has a wide range of ideas and forms, making it
challenging for analysts to combine it. Furthermore, a lack of monitoring and security against unauthorised
modifications or alteration will result in undesirable data alterations. During peak hours, when enterprises may
lack the internal competence and systems to manage and safeguard data, malicious data searchers are
continually seeking for new methods to steal it (Campos et al., 2016).

Cybersecurity Data Analytic

The ultimate objective of cybersecurity data science is to use security data to make data-driven intelligent
decisions for smart cybersecurity solutions. Cybersecurity data represents a partial paradigm change away from

2
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old well-known security solutions like firewalls, user authentication and access control, encryption systems, and
so on, which may or may not be successful in today's cyber business. The issues are that these are often handled
statically by a few competent security analysts, with ad-hoc data management.

However, as the frequency of cybersecurity events in the various forms indicated above continues to rise,
traditional solutions have proven ineffective in managing such cyber dangers. As a result, a large number of
complex assaults are developed and disseminated swiftly throughout the Internet. Although several researchers
use various data analysis and learning techniques to build cybersecurity models, as summarised in the section
"Framework model in cybersecurity," a comprehensive security model based on the effective discovery of
security insights and latest security patterns may be more useful. To overcome this problem, we need to create
more flexible and efficient security systems that can respond to attacks and change security rules in a timely
manner to mitigate them intelligently.

Table 1. Statistics on types of cybercrime in Malaysia 2022

> 3 - 3 3

P S = 5 € o IS =

S 5 £ T z gz & £ % 8§ %

s ¢£& = <« = 3 3 1 & o =z o R
Spam 8 5 6 15 0 0 0 0 0 0 0 0 34
Intrusion 15 12 4 6 0 0 0 0 0 0 0 0 37
Attemp
Vulnerabilities 6 3 3 4 0 0 0 0 0 0 0 0 16
Report
Malicious 62 68 174 103 O 0 0 0 0 0 0 0 407
Codes
Content 2 0 0 2 0 0 0 0 0 0 0 0 4
Related
Denial of 0 2 1 1 0 0 0 0 0 0 0 0 4
Service
Intrusion 68 54 50 74 0 0 0 0 0 0 0 0 246
Fraud 431 423 388 3% O 0 0 0 0 0 0 0 1638

592 567 626 601 O 0 0 0 0 0 0 0 2386

Table 1, data indicates the statistic on types of cybercrimes in Malaysia 2022. In order to analyse the data
coherently to reflect the accuracy, it is necessary to evaluate a large quantity of important cybersecurity data
collected from many sources, such as network and system sources, and to identify insights or correct security
policies in an automated way with little human interaction. Analyzing cybersecurity data and developing the
necessary tools and methods to effectively guard against cybersecurity events entails more than a basic set of
functional requirements and understanding of risks, threats, and vulnerabilities.

Proposed framework to safeguard data analytic for cybersecurity

As previously stated, cybersecurity data science is data-driven, employs machine learning techniques, attempts
to quantify cyber risks, employs inferential techniques to analyse behavioural patterns, focuses on generating
security response alerts, and ultimately seeks to optimise cybersecurity operations. As a result, the researchers
briefly explain a layered data processing architecture that can be utilised to extract security insights from raw
data and develop smart cybersecurity systems, such as dynamic policy rule-based access control or intrusion
detection and prevention systems.

Collecting relevant cybersecurity data is a critical stage that serves as a link between cyber infrastructure
security issues and data-driven solution processes in this methodology. As a result, the question is how to gather
relevant and unique requirements data in order to construct data-driven security models. A strict framework,
such as proposed policies and legislations, should play an essential role in safeguarding pure cybersecurity data

for analysis.
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This layer in this framework is responsible for finalising the resulting security model by including new
intelligence as needed. This might be accomplished by additional processing in humerous modules, such as
recency mining and security model updating, which is responsible for keeping the security model up-to-date for
improved performance by extracting the most recent data-driven security patterns.

Cybersecurity Data (automation and

intelligence
ﬂ Cybersecurity
Data analytic
Secured tools/machine learning -attack classified
predictions €SS
intervention of
ﬂ human

Policy Rule/Legislations -Data cleanising,
normalisation and transformation

f

Security data collection- Srouces- Public,
National Statistic and International statistic

f

Cybersecurity Infrastructure to safeguard
data analytic

Figure 1. Cybersecurity layered data processing architecture framework

Results and Discussion

Data from computer networks, telecommunication networks, banking, healthcare, social media networks,
bioinformatics, E-Commerce, surveillance, and other sources are some of the most common sources of big data
transactions. The absence of security software that can be upgraded for protection is the next issue (Yaaqob et
al., 2017). Due to a scarcity of equipment, tools, and systems, this is the case. An organization's software
upgradeability is also expensive. On the one hand, most businesses are unable to organise unstructured data
(Campos et al., 2016).

From the proposed framework in Fig.1, it is predicted that with this high level proposed data cleaning |,
normalisation and a comprehensive policy and legislation in place, the cybersecurity of Malaysia will be fully
protected and moreover data-driven intelligent decision making in smart cybersecurity systems and services is
what cybersecurity data science is all about.

Conclusion
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Finally, the researchers have emphasised the current state of the art difficulties confronting the cybersecurity
area in the face of data analytics. Traditional security solutions, employing traditional tools and methodologies,
are no longer capable of embracing real-time large data network streams. Security analytics, or the use of
structured data analytics to derive actionable knowledge and insights from streams in real time while adhering to
governing rules, has been demonstrated by researchers to be a growing necessity for cybersecurity installations.
Although the present usage of analytical solutions is far from revolutionary (as demonstrated by this Teradata
research from 2013), awareness of adoption is gradually growing.

Recommendations

The discussion of this research was centred on two objectives: (1) analysing Malaysia's cyber security
difficulties, and (2) proposing a holistic cybersecurity data analysis methodology for Malaysia to address cyber
security challenges. Although Malaysia has cyberlaws in place to combat cybersecurity breaches, such as the
Computer Crimes Act 1997, the Communications and Multimedia Act 1998, the Penal Code,the National Cyber
Security Agency (NACSA) and the Malaysia CyberSecurity Strategy 2020-2024 , the topic of cybercrime and
cyber security is still very popular, and free data sets for analysis in this field are still scarce. Data analysis for
cybersecurity will be more accurate to forecast and prevent cybercrime in Malaysia if more data in this industry
becomes available and extracted with minimal human interaction.
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On a Geometric Programming Approach to Profit Maximization:
The Case of CES Technology
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Abstract: The profit maximization problem takes a central place in the theory of the firm, especially when
conditions for perfect competition hold. In this paper, we solve the profit maximization problem of a perfectly
competitive firm when the constant elasticity of substitution (CES) production function with n>2 inputs
describes its technology. Commonly, this problem is solved by using multivariable differential calculus.
However, to avoid tedious algebraic manipulations and bypass checking nontrivial necessary and sufficient
conditions, we employ geometric programming (GP), and the power mean inequality (PMI) as an elegant
complementary tool to multivariable calculus. Since the GP and the PMI are simple optimization techniques
without derivatives, they can provide new insights into the given problem to managers, students, and other
audiences who may be unfamiliar with multivariable differential calculus. Additionally, by using the properties
of limits, we show that the solution to the profit maximization problem with Cobb-Douglas technology is a
limiting case of our result.

Keywords: Profit maximization, Cobb-Douglas technology, CES technology, Geometric programming

Introduction

Since finding the optimum using differential calculus may be nontrivial and inelegant, the signomial geometric
programming (SGP) technique with zero degrees of difficulty was proposed by (Liu, 2006) as a complementary
approach to solving the profit maximization problem with Cobb-Douglas production function (CDPF). Further,
(Koji¢ & Lukac, 2018) showed how the results from (Liu, 2006) can be obtained by solving an equivalent
geometric programming (GP) problem with zero degrees of difficulty, providing proof that the (global)
maximum profit in the case of CDPF has been achieved.

In this note, we solve a profit maximization problem where the firm’s technology is given by the CES
production function (CESPF). Furthermore, since the CESPF is a generalization of the CDPF, we show how the
results by (Liu, 2006) and (Koji¢ & Luka¢, 2018) can be derived from our results.

The paper is organized as follows. After the introduction, the notation and preliminaries are presented in the
second section. The solution to the profit maximization problem with CESPF is the main result of the paper and

it is given in the third section. The fourth section shows that the solution to the profit maximization problem
with CDPF is a limiting case of our result. The fifth section concludes the paper.

Notations and preliminaries

Notations have been adopted from (Avvakumov et al., 2010), (Jehle & Reny, 2011), and (Liu, 2006):
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permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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p market price per unit, p>0
A scale of production, A>0
Xi input quantities, x;>0
Vi input prices, v;>0 for all i
0 elasticities of Cobb-Douglas production function (CDPF) ¢;>0 for all i
x¢°  the i"" component of the maximizer
7P maximum profit in the case of CDPF (i.e. Cobb-Douglas technology)
0 allocation coefficients of CES production function (CESPF, i.e. CES technology), «;>0 for all i
o degree of homogeneity of CESPF
p substitution coefficient of CESPF
x°E the i"" component of the maximizer
7% maximum profit in the case of CESPF

Considering CDPF with n inputs (n>2), given by
f(X %0 %) = A[ X, o
i=1

the profit maximization problem becomes

Xq 1 X9 1eei X >0

7P = max p[Aﬁx{"'j—Zvixi, )

where

n

Do <l €)

i=1

By using SGP, (Liu, 2006) obtained the result of problem (2) as follows:

n (v. ]%/(12?1«).)’ “

5P = (1-§¢i j( pAy/l-Zi) 1=

xCD = TP , (5)

v, (1—2::1%)

for all i=1, 2, ..., n. However, problem (2) can be converted into a GP problem with zero degrees of difficulty,
and the same result (4)-(5) was obtained by (Koji¢ & Lukag¢, 2018).
Now, let us introduce CESPF as in (Avvakumov et al., 2010), defined by

n -a/p
V/(Xl,xz,...,xn)zA(ZaiXipj , o

Where
S =1, (7)
i
c>0, 8)
p>-1 p=0. 9)

Considering CESPF, the profit maximization problem of a perfectly competitive firm with CES technology
becomes (Jehle & Reny, 2011):
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n
7 = max  py-Y vx
i=1

Yo%, Xg peees X >0

n -o/p
s.t. A(Zaixipj >y.

i=1

(10)

To solve (10), we will use a power mean inequality (see (Bullen, 2003)).

Lemma 1. (Power mean inequality) Let n>2, neN, x>0, and w;>0, i=1, 2, ..., n, such that w= Zi":lwi . Then,
for all r>0, the following inequality holds

n n w/r
[T~ s[zﬂx{j : 11)

-1 W

Equality in (11) holds if and only if x;=x,=...=X,.

The profit maximization problem with CES technology

Since the very discovery of geometric programming, it has been applied to various optimization problems in
science and industry. In the economic theory of production, (Reklaitis et al., 1975) applied geometric
programming to solve the firm’s cost minimization problem with Cobb-Douglas and CES production functions.
Mainly, they used power mean inequality in solving the cost minimization problem with CESPF using
geometric programming. However, they didn’t comment on the sign of the substitution coefficient p, which
makes their analysis incomplete.

Another important problem in the theory of the firm is the profit maximization problem for the perfectly
competitive firm. The profit maximization problems with Cobb-Douglas and CES production function and their
solutions are very well known in the literature (Zevelev, 2014). These problems are usually solved using
multivariable calculus (Avvakumov et al., 2010). Still, a geometric programming approach to the profit
maximization problem with CESPF is the main result of this paper since, to the best of our knowledge, such an
approach is unknown in the literature.

According to (Duffin et al., 1967), (Beightler & Philips, 1976) and (Boyd et al., 2007), problem (10) is
equivalent to the following problem:

max z (12)
Z,Y, Xy e Xy >0

st py-D. VX% =>1z, (13)
i=1

n -a/p
A(Zai x) >y, (14)

Since max f = 1/(min (1/f)) for a positive function f, instead of the problem (12)-(14) we will solve the problem
(15)-(17):

min  z*' (15)

Z,Y,% e Xy >0

st plytz+) plvxyt<t, (16)
i=1

n -a/p
A(Zai x{”j >y . (17)
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Let us consider two cases regarding the value of the substitution coefficient of CESPF p from (9).

Case 1. p>0

Since the degree of homogeneity o is defined as a positive number (see (8)), and when p>0, the
function x — x*/? is decreasing (for all x>0). In this case, the inequality (17) is equivalent to

P

PN _P n _P P
A "(Zaixi“’js y° < Y ATqx’ye <1, (18)
i=1 i=1

which transforms the problem (15)-(17) into a GP problem (15)-(16) and (18) written in standard form.
According to (Boyd et al., 2007) and (Duffin et al., 1967), the corresponding dual of (15)-(16) and (18) is the
following problem:

1 B 2\ n -1, & A,p/g : & n y+§5i n gci
e e (2 () 'HU%J G ].(ﬁ;@j T

s.t. p=1
T
(<11 0 0 - 0 O 0 - 0 | 4
0 -1 -1 -1 -1 p/oc plo - plo é
o o1 0 0 —-p 0 - O : o (20)
0 001 0 0 —p - 0 3, -
O S : R &
_0 0 0 0 - 1 0 0 0 -P d(n+2)x(2n+2) :
L€n J2ns2pa

where a null vector 0 in (20) has n+2 components, and >0, y>0, 6;>0, >0, i =1, 2, ..., n, are dual variables.
From (20) we get

p=r=1, 1)
& _% =12, (22)
ya
20 @
< o
i-1 a p(l—O') l @4

Note that from (8), (23) and the positivity of dual variables, it follows that the degree of homogeneity of CESPF
must satisfy the following condition:

O<o<l. (25)

Furthermore, using (21)-(24), (19)-(20) becomes an unconstrained maximization problem

EN - 5
_ prAT Y (o Vel [ v
M= max ( 10 ) -0 H sl | (%)

10
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Let us solve (26) by using Lemma 1. Let

Yp
X =% w5 =120, @7)
5}(/’*1)//3
n (23)
W= W AW, oW, =6, =7 (28)
i-1 l-o

According to (11), for all r>0, the following inequality holds

S +--0,

n viail/p di ay[ n 5' Viail/p r r 1-o 7’(£5) n o\ 14.'07*1 r(io)
a7 ) <\ &57 357 (577 Bty - @

By choosing r=p/(p+1), the right-hand side of (29) becomes the constant. Thus, from (26) and (29), we get

o - 4 1 e N el
p—lAfl 10[ o jp(l_g) n vl . p—lAfl 10( o jl_a n ﬁ - p(i-0)
— < v/l . 30
[1—0 i) UHgm) s ) () (&7 (30)

Equality in (29)-(30) holds if and only if

Viai]/p Vlall/p

=, =120 (31)
é‘i(ﬁ 1)/p 51(9 I/p
From (23) and (31) we get
1
v
S = 1—na — (32)

S vpiap
] ]
j=1

Thus, by definition of the strict global optimum, the strict global maximum M of (26), and at the same time of
(19), is equal to the right-hand side of (30), and it is achieved if and only if &;, i=1,2,...,n, satisfy (32). In
addition, M represents the strict global minimum of (15)-(17). Furthermore, since max f = 1/(min (1/f)) for a
positive function f, we can find 7% from (10) via (12)-(17) as follows:

~(1+p)o

Y %J n 2 1 \pio)
2 ML= ( pA(l—G))l/(l )(1 O'O-jl (zviupaiup] . (33)
- i=1
According to (Duffin et al., 1967), from (15)-(18) and (21)-(24), we have
z’lzﬂM:M = Z:Mfl, (34)
pilylz=— 2 -1 (35)
7+Zj:15j 1+Zj:15j
-1 -1 2 ;
pV.X Y :—'n ,1=12,...,n, (36)
7t Z j:1§j
AP X PYPlT = — S =12, @37
&

=1
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from where we get

1-ol v
ces _2"9\N) e g9 . (38)

Thus, the strict global maximum of the profit maximization problem with CES technology z°% is given by (33),
and it is achieved for the input values given by (38).

Case 2. -1<p<0
If -1<p<0, then the function x — x”/“ is increasing (for all x>0). In this case, inequality (17) is equivalent to
_P (N P n P P
A“[Zaixipjzy © o =D ATaxTy <-1, (39)
i=1 i=1
S0 (15)-(17) becomes a signomial geometric programming problem (15)-(16) and (39). SGP problem (15)-(16)
and (39) can be solved similarly to (15)-(16) and (18). The only difference is changing parameter p<0 by —p>0

into equations (19)-(24). From that, by doing some algebraic calculations, it follows that the solution in this case
is

" (-p)o
. o n o~ 1 -p(l-0)
CES =(pA(1—O'))1/(1 )(%)1 {ZvilpailpJ , (40)
- i1
1
" (ai Jpﬂ.
1-olv
X =T 2% =12, (1)
2oVt
k=1

Note that (40) and (41) have the same form as (33) and (38), respectively, where the only difference is the
change of parameter p with —p.

The profit maximization problem with Cobb-Douglas technology

In this section, we show that the solution to the profit maximization problem with Cobb-Douglas technology
given by (4)-(5) is the limiting case of (33) and (38) when p>0, i.e. the limiting case of (40)-(41) when -1<p<0.
Let us first show how the Cobb-Douglas production function can be obtained from the CES production function.
Let CDPF be given by (1) where (3) holds. Let us define

o=Xa. #2)
a =2 i=12..n. (43)
O

Note that (3) and (42) imply (25). Furthermore, note that

n (43) n

n (42)
=1

o_1
;a —a;(oi

12

(44)
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Let

. Y
—h -P
U _L'_TnA(]Z;aixi ] : (45)

Since (44) holds, by taking a natural logarithm and after applying L’Hospital’s rule, from (45) we have

. —aln[zl:aixi‘pj . JZ(x,plnx“')
InU =In A+Img'+ = InA+I|m—
P P

) ) (46)
o) Inx® D Inx™ )
";—:InAJr"l—:ln[ LS ) In[Awa)

Zai 1 i=1

=InA+

Then, from (46) we have

=i S ax? | = ATTx" . 47
U L@)A[;a,x, j Ali;[x, (47)
Thus, the Cobb-Douglas production function given by (1) is the limit when p—0 of the CES production function
given by (6).

Further, let us show how z°® from (4) can be obtained from z°%. From (33) we have

~(pt)o

jl[zvp+l p+1J pli-e)

: : (48)
~(pa-a)e (7] A

l-o

1
o 2

where

p—0*

—(l+p)o
P 1 p(l )
= lim (Zv”“oﬁ’+1 .

(49)
Since (44) holds, by taking a natural logarithm and after applying L’Hospital’s rule, from (49) we have
n £
—(p+1)0'|n{2vip*1aip*l}
i=1
InA = lim =
p0" ,0(1—6)
nop 1 1 n £ L V. nop 1
—oIn| Y wha/t |- (p+l)o F O Vet In | S Y vttt
L'H i1 (p+l) i-1 Q; i-1
= lim (50)
p—0" l1-o

O < v, (v ) b
:—EZaiIHZZMH( J .

i i-1 \ &
Thus, from (42)-(43) and (48)-(50) we have
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= pA)]/ (-2la) (1- o-)ala"alo‘;ﬁ(v—i]l ? (51)

Thus, the profit 25 from (4) is the limit when p—0" of the profit z°° from (33). When -1<p<0, by using a
similar procedure, we can show that the profit 2 from (4) is the limit when p—0~ of the profit 2% from (40).

Finally, let us show how x~~° from (5) can be obtained from x°=, i=1,2,...,n. Let

V.= lim x®,i=12,..,n. (52)

p—0"

Since (43)-(44) hold, from (38), (51) and (52) we have

1
o (o )+ o (o |+
1-ol\ v l1-o
i CES i . CES _
Vi ,!'ﬂ}n%% Lvn%%p"ﬂ}” =
p+l _ p+ p+l _ p+
D W ey DV ey
k=1 k=1
o«
1 Cc-D
-0 V _ (o2 . /O _ T X
== i gc0__9 #/F co_ Z"u (53)
—oc Vv _
Yial ' v(1-Xe)
k=1
C,

Thus, x°° from (5) is the limit when p—0* of x*=°,i=12,...,n, from (38). When -1<p<0, by using a similar
procedure, we can show that x°° from (5) is the limit when p—0~ of X, i =1,2,...,n from (41).

Conclusion

One of the most important problems in economics is the firm’s profit maximization problem. In this paper, we
solved the profit maximization problem with CES technology with n>2 inputs using a geometric programming
approach and power mean inequality. Unlike multivariable calculus, this procedure does not require checking
nontrivial necessary and sufficient conditions. Instead, a unique solution followed by power mean inequality and
the definition of a strict global maximum directly. Finally, by using L’Hospital rule only, we showed how the
solution to the profit maximization problem with Cobb-Douglas technology could be derived from the CES
technology case.

Recommendations

Given that the geometric programming approach to the profit maximization problem bypasses checking
nontrivial necessary and sufficient conditions when multivariable calculus is used, educators could incorporate
this technique into classrooms to present this important topic in a complementary way. Since geometric
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programming and the power mean inequality are simple optimization techniques without derivatives, they can
provide new insights into the given problem to managers, students, and other audiences who may be unfamiliar
with multivariable calculus.
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De Novo Gold Nanoparticles Activate P53 by Inhibiting NF-Kb Signalling
in Breast Cancer Cells
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Abstract: The aim of this study was to make de novo gold nanoparticles (Au(0)NPs) that turn on p53 and turn
off NF-kB signaling in SKBR3 breast cancer cells. The chemical method was used to make the erythromycin-
based Au(0)NPs. Authentic techniques were used to figure out what these Au(O)NPs were like. In the end,
relative gene expression studies were used to treat SKBR3 breast cancer cells with these Au(0O)NPs as a
nanomedicine. When Au(0)NPs were present, the levels of caspases 3, 8, and 9 changed, p53 was turned on, and
NF-kB was turned off at the same time. Compared to normal breast cells, the number of breast cancer cells
(SKBR3) that could live was cut down (CRL-4010). Gene expressions of caspases also showed that the data
were correct. When AuNPs were used to treat breast cancer cells, it was found that p53 and NF-kB had the
opposite relationship. The study laid out a first step for using newly made AuNPs as a chemotherapeutic agent
to treat SKBR3 cells.

Keywords: Gold nanoparticles, Erythromycin, Gene expression, Cell Viability, Breast Cancer

Introduction

Patients with breast cancer are also more likely to become resistant to chemotherapy, and relapses of the disease
are widely accepted (Sung et al., 2021). Following the development of multidrug resistance that is complicated
due to many factors that cause, is a major problem for breast cancer treatment (Nedeljkovic & Damjanovic,
2019).

Researchers are interested in chemotherapies that use nanoparticles. When gold nanoparticles (AuNPs) are used
to treat cancer, the results have been very positive (Mousavi et al., 2007; Shreyash et al., 2021). Not only do
these particles stop the growth of cancers (Safdar et al., 2022; Safdar et al., 2019) other than normal cells, but
they induce apoptosis that is the main goal of cancer drugs (L6pez-Barrera et al., 2021), and you can easily see
how they work by looking at caspases. Also, the action of gold nanoparticles on the tumour suppressor p53
(Lépez-Barrera et al., 2021) that is involved in the apoptosis pathways (Kanamori et al., 2021). It is also known
that NF-kB work inversely to p53, and breast cancer cells have too much of it (Ge et al., 2021). So, stopping
NF-kB could be used as a chemotherapeutic target. Also, in some studies it is found that the p53 and NF-kB
followed different pathways due to change of drugs in the tumor cells (Gottstein et al., 2013). Furthermore, it
had been seen that if gene expression changes had been done in the p53 gene then it led to change NF-kB and
finally induce different cancers (Fadaka et al., 2021). Even though there are some drugs that selectively turn on
p53 or turn off NF-kB with multiple side effects. Therefore, it is a need of time for specific nano-drugs that can
control different pathways to inhibit breast cancers. So, a major goal for making new cancer drugs is to turn on
p53 and shut down the NF-kB pathway (Arshad et al., 2019; Safdar & Ozaslan, 2022; Safdar et al., 2021).

The purpose of this study was to synthesize de novo gold nanoparticles activate p53 by inhibiting NF-kB
signalling in breast cancer cell lines by using MTT and gRT-PCR assays.
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Method

Preparation of gold nanoparticles

For the first time, it was shown that the er-AuNPs were made with the help of erythromycin (er) as a reducing
agent and a capping agent. For the making of er-AuNPs, 0.5 mL of a 0.01 M solution of HAuUCI4 salts was put
in a glass beaker and put on a hotplate at 100 °C for 20 minutes. Then, 0.1 mL of a 0.01 M solution of NaOH
was added, and the mixture was left for 1 hour to develop its properties. The solution proceeded from yellow to
purple, which shows that the AuNPs were there. Also, UV Vis, XRD, and FT-IR were used to find out more
about these newly made AuNPs. Lastly, SKBR3 cell lines were used to test the cytotoxicity of these
nanoparticles. The average size of AUNPs was between 10 and 50 nm. These particles were made in culture
media with 0-200 g/mL of serum or no supplements.

Cell Culture

Human breast epithelium CRL-4010 and breast cancer cell line SKBR3 were grown in Dulbecco's modified
Eagle's medium with 10% foetal calf serum and antibiotic-antimycotic solution (100 U/mL penicillin, 0.1 mg/ml
streptomycin, and 0.25 g/mL amphotericin B). Cells were grown in a sterile, humidified, 37°C environment with
5% CO2 until they reached full growth.

Cell Viability

Researchers used the MTT assay to measure how alive the cells were. In a 96-well plate with 3000 cells per
well, er-AuNP was put in front of cells for 24 hours. Used media was thrown away and replaced with 10 mg/mL
of MTT reagent and 100 L of new media (1:9). Another hour of incubation at 37 °C was given to the chromogen
reaction to take place. The cells were washed with PBS, and 100 L/well of dimethyl sulfoxide was added to
dissolve the formazan crystals. A microplate spectrophotometer was used to measure the absorbance at a
wavelength of 505 nm (Molecular Devices). At least three separate experiments with at least duplicate samples
were done.

qRT-PCR

Cells were grown in a 25 cm? flask, and the NucleoZOL method was used to get the total RNA from the cells
(Macherey-Nagel, Germany). In a PCR thermal cycler, a "Precision Reverse Transcription Kit" (made by
Qiagen in Germany) was used to do the reverse transcription (Applied BioSystems, USA). By comparing the
transcript levels of NF-kB, p53, and caspases to the level of the housekeeping gene GAPDH, real-time PCR was
used to find out how these levels changed. The reactions went through 40 cycles with 94 °C for 30 sec, 55-60°C
for 45 sec, and 72 °C for 45 sec along with a final extension step of 72 °C for 4 min. Changes in gene expression
between groups were found using the method called 2 4T,

Results

After 24 hours, the amount of AuNP were used to treat CRL-4010 and SKBR3 cells induced and evaluate the
cell viability. But the response to treatment was stronger in SKBR2 cancer cells than in normal cells. Starting at
a concentration of 50 g/ml, when AuNP was added to SKBR3 cells, the IC50 of the cells went down. Cancer
cells treated with AUNP showed clear signs of cell death, while normal breast cells lost much less cell viability
(Fig. 1). So, we knew that AuNPs were selective for cancer cells because at a higher dose of 150 pg/ml, only
50% of the normal CRL-4010 cells were still alive.

In this study, we investigated how er-AuNP affected the various genes including p53, NF-kB and caspases in
CRL-4010 and SKBR3 cell lines. These results showed that Casp3, Casp8, and Casp9 were higher in er-AuNP
treated CRL-4010 cells compared to untreated control cells, but p53 and NF-kB gene expression was almost the
same in both groups of cells. On the other hand, the mMRNA transcripts for p53, Casp3, Casp8, and Casp9 went
up a lot in the SKBR3 cells. But when AuNP was added to SKBR3 cells, NF-kB expression went down (Fig. 2).
All of the genes selected were affected by the change in mMRNA levels in SKBR3 cells.
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Figure. 1. Compared to CRL-4010 cell line, SKBR3 cell line was decreased when AuNPs were added. MTT
showed that SKBR3 were more decreased than CRL-4010 and after being exposed to 0-200g/mL AuNP
concentrations. All the data is represented in the form of *P 0.01; **P 0.001; ***P 0.0001.
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Figure. 2. When AuNP was added to SKBR3 for 24 hours, the p53 gene gene expression increased and the NF-
kB gene expression dropped down. The amounts of targeted genes (p53, caspases 3, 8, and 9, and NF-kB)
MRNA transcript continued to persist in CRL-4010 (control) cells. The levels of p53, caspases 3, 8, and 9, as
well as the levels of NF-kB mRNA gene transcripts, were significantly changed in SKBR3 breast cancer cells.
*P<0.05, **P<0.01 (Figure. 2a-e).

Discussion

Due to their unique ability to sense tumours, AuNPs have become very promising materials for treating
malignant tumours. Because of this, AuNPs have been thought of for a long time as a possible tool for
diagnosing and treating different types of cancer. In this study, we talked about the likely way that newly made
er-AuNPs induce apoptosis in SKBR3 cells and how exposure to er-AuNPs changes in the targeted genes
particularly p53 and NF-kB (Fig. 1&2). Previously, different nanoparticles were used by some researchers to
show that these mechanisms were at work in human hepatocellular carcinoma cells (Ahmadian et al., 2018). It is
also known that AuNPs have less toxicity as compared to other nanoparticles so they can be used as
chemotherapeutics (Khan et al., 2021). Also, this study made it clear that 50-99 ug/ml concentrations of these
nanoparticles were best on SKBR3 cells at the same concentration (cancer cells). Other concentrations, like 150
and 200 ug/ml, were very harmful to both healthy and cancerous cells. That was the real reason we did not used
them in gene expression studies on both normal and cancer cells. Researchers may need to look into this more.
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Nanomaterials also have a special property called cell-dependent cytotoxicity, which has been seen in HT29 and
HelLa (Shejawal et al., 2021), MCF-7 (Uzma et al., 2020), and A459 (Niloy et al., 2021) cancer cells.

It is a known fact that the apoptosis is followed by both pathways (intrinsic and extrinsic) (Rajendran et al.,
2021) that led to the planned death of the cells. The cytochrome C is a key protein that attach to Apaf-1 (Bock &
Tait, 2020) that is released when a cell dies through the intrinsic pathway. Apafl turns on caspase 9, which turns
on caspase 3, which is a very important part of cell death (Bock & Tait, 2020). Death receptors, on the other
hand, turn on caspase 8, which then turns on caspase 3 (Muscari et al., 2020). The intrinsic pathway is now
turned on by caspase 3 (Muscari et al., 2020; Safdar et al., 2020; Vo-Dinh et al., 2005). In this study, mRNA
expression (caspase 9, 8, and 3) of the targeted genes were very low in normal CRL-4010 cells but it was more
than four folds in cancerous SKBR3 cells. This shows that AUNPs work more specifically on cancer cells (Fig.
2). This meant that AuUNPs sped up both the internal and external apoptotic cascades in breast cancer cells,
which led to the death of the cells. Even when cancer cells were only exposed to 50 M of AuNPs, the expression
of caspase 3 went up by a large amount (Safdar et al., 2021). So far as we know, this is the first report that
shows how er-AuNPs affect both apoptotic cascades in breast cancer cells. Still, more research is needed to
figure out how AuNPs cause cell death at the molecular level. One problem with this study was that it only used
in-vitro experiments. More research will be needed to see how AuNPs work in in-vivo models before they can
be used as a treatment for breast cancer.

Conclusion

So, these results showed that the newly synthesised and characterised er-AuNPs are a new and promising
nanomaterial for a robust evidence-based analysis of chemotherapeutics. Using er-AuNPs could be a smart way
to figure out where breast cancer could be spreading. Using relative gene expression studies, changes in
caspases 3, 8, and 9 as well as dependence on p53 and NF-kB were found to be higher in SKBR3 than in normal
breast cells (CRL-4010).

Recommendations

The study laid out the first step toward using er-AuNPs as a chemotherapeutic and suggested that more research
to be done. Also, we recommend the nano-ELISA for further protein analysis.
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Abstract: This research deals with the characterization of a sample of conventional asphalt, which is used for
the manufacture of roadways in the city of Trujillo, Peru. The sample has been designed by using the Marshall
method, through which the optimal content of the asphalt mixture was determined for an adequate combination
of the aggregates. This method includes the determination of the optimum content of asphalt cement, stability,
unit weight, air voids, flow, voids in the mineral aggregate, and flow stability. The Marshall test was carried out
after dosing for the traditional mixture. We have used two techniques: energy dispersive X-ray fluorescence and
X-ray diffractometry. The identification and quantification of the chemical elements present was carried out by
using energy dispersive X-ray fluorescence, and the mineralogical analysis, by using X-ray diffractometry. This
work is useful as a source of reference information. Subsequently, it will allow the implementation of
procedures for modifying asphalt mixtures to optimize their performance.

Keywords: Asphalt, Marshall method, X-ray diffraction, Energy dispersive, X-ray fluorescence

Introduction

All over the world, there is no human activity that does not require the use of communication routes, whether
road, rail, sea, lake, river, or air. The importance and improvement of these routes keep close parallelism with
the cultural, commercial, and industrial development of each country; they are the means by which religion,
culture and commerce are introduced into the regions of primitive civilization of a country (Vignolo, 1943).
There are two concepts closely related to roadways: bitumen and asphalt. Bitumen or bitumen asphalt is a black
to dark brown, semi-solid organic material that gradually liquefies when heated. It is usually obtained as a
residue from petroleum distillation by using atmospheric or vacuum distillation units. Asphalt is a natural or
commercial mixture of bitumen and inert mineral matter. Natural asphalt occurs as surface deposits, or as a
colloidal crude oil system near the surface. In America, the term asphalt is often synonymous with the material
known in England as asphaltic bitumen or bitumen (Whitehead, 2005).
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Trujillo is the third most important city in Peru; however, due to various factors, it has a road infrastructure in
poor conditions. This could improve with a detailed knowledge of the constituents of roads, which would allow
defining asphalt modification mechanisms, and consequently, provide better performance to the roads.

The durability of asphalt pavements is directly influenced by the climate of the place where they are located. In
addition, other parameters must be considered, such as the magnitude and frequency of the traffic loads, the
properties of the materials that compose it, the characteristics of the subgrade, humidity, and the construction
process, among others. Together, these parameters greatly affect pavement performance as well as increase its
potential to develop permanent deformation failure (Warrior and Chang, 2015).

Due to the importance of pavements in population dynamics, all its components must comply with technical
specifications that guarantee their good performance: from their preparation to the different tests to which they
are subjected, depending on the function for which they are intended. In Peru, these tests are regulated by the
Ministry of Transport and Communications. Thereupon, it is necessary to delve into the different aspects that
are associated with the lifespan of pavements. In this work, we carried out elemental and mineralogical analyses
of a conventional asphalt sample obtained by the Marshall method. We expect that the information obtained can
serve as a reference for the elaboration of modified asphalts.

Materials and Methods

Before the analysis of the sample, we proceeded as indicated below.

Preparation of the Asphalt Mixture

The aggregates to be used in the asphalt mixture manufacturing are dried at a constant weight, that is, the sample
is heated at 105 + 0.5 °C for a certain time, after which it is weighed and then the procedure is repeated until no
variation in mass is seen. After drying, the aggregates will be separated by dry sieving into suitable fractions. A
detailed procedure for obtaining the asphalt mixture can be found in the Peruvian technical standard MTC E
504.

Method and Physical Techniques Applied

We have used the Marshall method to design the asphalt mixture. Also, the modified asphalt sample has been
characterized by using the two techniques indicated below.

Marshall Method

We applied the Marshall test to the conventional mixture because it is the standard method of
asphalt mixture design. The asphalt design content in the final paving mixture is determined by the following
parameters: stability, unit weight, air void, flow, VMA, and stability/flow; VMA means Voids in Mineral
Aggregate. The method is as follows: First, the asphalt content is determined for which the void content is 4%,
and then the other parameters calculated and measured for this asphalt content are evaluated and compared with
the design criteria. If all the criteria are met, the asphalt design content is optimal. Otherwise, we should make
some readjustments or redesign the mix.

Energy Dispersive X-ray Fluorescence (EDXRF)

This technique allows detecting the presence of chemical elements with atomic number Z equal to and greater
than 13 by detecting the characteristic X-rays emitted by atoms. The energy of these rays increases with Z, and
they can be detected as long as they have enough energy to penetrate the window in the detector. Due to this
limitation, the Na (Z=11) and Mg (Z=12) peaks cannot be recorded in the EDXRF spectrum. The source used
emits X-rays in two components: one spectrum with a continuous distribution from 0 to 30 keV, and the other
containing the L and M characteristic X-rays from silver atoms, which are produced by the bombardment of the
silver anode by energetic electrons. Consequently, the EDXRF spectrum have three main components: a
continuous component provoked by the scattering of the x-rays from the continuous component of the source, a
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discrete spectrum produced by the scattering of the silver characteristic X-rays from the source, and a discrete
spectrum of the characteristic X-rays emitted by the sample according to the elements it contains.

In the Archaeometry Laboratory of the Faculty of Physical Sciences (UNMSM), we determined the chemical
composition of the sample by using a portable EDXRF equipment, Amptek brand, with a silver anode that
operated at 30 kV and 15 pA. Irradiation was carried out with the following setting: (a) incidence and exit
angles of around 45°, (b) distance from sample to X-ray source: 4 cm, and (c) distance from sample to detector:
2 cm approx. The operating voltage and the applied current were regulated so that the counting rate did not
exceed 5000 cts/s.

X-ray Diffraction (XRD)

This technique allows for the identification of the mineralogical phases in the sample. It is also known as X-ray
crystallography and is based on the diffraction of X-rays by matter, especially when it is crystalline. This
diffraction is an elastic scattering, which originates interferences. This technique uses a beam of X-rays which,
upon encountering a crystal, are reflected in specific directions determined by the wavelength of the X-rays,
lattice parameters, and orientation of the crystal.

Thus, we conveyed the sample to the Bizalab private laboratory, where the measurements on the sample carried
out by using an Endeavor D4 diffractometer, Bruker model, with a copper tube that operated at 40kV and 40
mA. Likewise, a 20 angular scan from 5° to 70° and a step of 0.02%/s was used. After obtaining the data, we
identified the mineral phases by using the JCPDS-ICDD database. JCPDS means Joint Committee of Powder
Diffraction Standards, and ICDD, International Center for Diffraction Data.

Discussion and Results

Table 1 shows the corresponding results of applying the Marshall method. Therein it is specified the parameters
of Optimum Asphalt Content, stability, Unit Weight, Air Voids, Flow, VMA, Stability/Flow. The data are
suitable so that the asphalt design content is optimal.

Table 1: Data from the Marshall test for the conventional asphalt mixture
Characteristics of the Asphalt Mixture

Optimum Asphalt Content (%) 5.30

Stability (kg.) 1215
Unit Weight (kg/m®) 2.342
Air Voids (%) 4.00
Flow (mm) 3.35
VMA (%) 14.78
Stability/Flow (kg/cm) 3626.87

In the EDXRF spectra, we observe that the peaks are positioned at certain energy values which indicate the
presence of the chemical element in the sample. Symbols for the corresponding chemical elements are identified
on top of the peaks. The height of the peaks is an indicator of the concentration of the chemical element in the
sample. The EDXRF spectrum of the sample is presented in Figure 1. Table 2 details the corresponding
quantitative elemental analysis. Figure 2 shows graphically the results of elemental concentration for the sample
studied.

Figure 3 shows the X-ray diffractogram of the sample, which. concerning its mineralogical composition,
registers the presence of quartz (SiO,), clinochlore (Mg,Fe*")sAl,Si;010(OH)s, albite Nag ogs(Al1,005S12 9950s),
and muscovite KAI;SisO19(OH),. The presence of Muscovite is not desirable, since, from the point of view of
road construction, the presence of clay minerals results in greater use of bitumen. In addition, the lifespan of the
pavement is reduced due to the low mechanical resistance of clay minerals (Geber and Gomze, 2015). An
additional and important consequence of the small particle size is the high surface area to volume ratio (Parker
& Rae, 1998). An indicator of the relative importance of surface effects is the specific surface area of a grain,
which increases as the particle size decreases (Kaliakin et al., 2014). Thus, the presence of albite is not
convenient either, since feldspars increase the specific surface area and decrease the mechanical resistance of
the pavement (Geber & Gdmze, 2015).
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Counts (a.u.)

Figure 1. Energy dispersive X-ray fluorescence spectrum of the sample studied.

Figure 2. Graphic representation of quantitative analysis of the sample studied.

Counts (a.u.)

Figure 3. X-ray diffractogram of the sample. We noted the mineral composition and the codes from the JCPDS.
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Conclusions

The sample studied presents aluminium, silicon, and calcium as major elements; to a lesser extent, sulphur,
potassium, and iron are observed. Chlorine, titanium, chromium, manganese, nickel, copper, zinc, gallium,
strontium, yttrium, and zirconium are minor elements. The mineralogical composition of the sample is formed
by quartz, clinochlore, albite, and muscovite. We expect that the information obtained is useful so that
modification procedures for asphalt mixtures are subsequently implemented to optimize their performance.

Recommendations

This work can be extended with the manufacturing of additional samples by the Marshal method, which have
other percentages of optimum asphalt content and VMA.
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Abstract: Fused Deposition Modelling is one of the main 3D printing methods to manufacture plastic parts.
The strength of the printed part by FDM is dependent on polymer diffusion between printed layers. The polymer
diffusion between two neighboring layers occur not only during the extrusion of the hot top layer, but also
during the production of consecutive layers due to thermal conduction. The heat diffusion from upper layers
enhances the curing of polymers, which consequently affects the strength of the part. Therefore, the history of
the temperature variations - curing time and curing temperature - should be analyzed to predict the strength of
the part. The goal of this study is to develop a two-dimensional transient thermal analysis solver for the
investigation of time-dependent thermal changes during the printing process. This solver is developed with the
use of finite difference method employed under implicit scheme. The transient temperature pattern is
qualitatively compatible to the experimental results in literature. The solver can be utilized for further thermal
analyses to correlate temperature, polymer diffusion and strength with the inclusion of deposition path in the
third dimension.
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Introduction

Additive manufacturing technologies have been developing in recent years. In three-dimensional printers, which
can be of different types for different types of materials, Fused-Deposition Modeling (FDM) is widely used to
produce plastic parts. In this method, plastic filaments are melted through a moving nozzle and laid in layers on
a surface. The polymer structures inside the plastic layers provide this adhesion by diffusing from one layer to
the next (Wool & O'Connor, 1981).

Thanks to this approach, rapid prototyping can be performed with low costs. When compared to traditional
manufacturing technologies such as CNC, it is seen that FDM method is a production method that consumes
much less energy and generates much less waste (Faludi, Bayley, Boghal, & Iribarne, 2015). On the other hand,;
quality problems are observed in parts produced with FDM (Bikas, Stavropoulos, & Chryssolouris, 2016). The
high durability of the part that comes out at the end of the production process depends on the completion of the
diffusion of polymers (Bartolai, Simpson, & Xie, 2018). The ratio of the strength (oyeiq) Of the part produced by
FDM to the strength (o.,) of the bulk part with fully developed bonds gives the Bonding Degree (Dy) (Yang &

Pitchumani, 2002):
o
R(D) =— (1)
o,
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According to Edward; a polymer is contained in a virtual tube where it does not interact with other polymers
around it (Edward, 1988). The time required for the polymer to come out of this tube is called the reptation time
(tep). Materials that exceed the reptation time are able to form bonds that provide strength. According to
Edward's Tube Theory; the shorter the reptation time, the faster the binding occurs. The reptation time is
affected by the temperature of the polymer-polymer interlayer and the time-dependent variation of its
temperature. The correlation showing this situation is as follows (Bartolai, Simpson, & Xie, 2018) :

JWE’
}Dh(t) - == @

gyrs

In polymer-polymer interlayers that do not reach the reptation time, the durability (cyeq) becomes lower. The
welding time of the parts that cannot reach the reptation time is shown with tyeqy. oweq IS proportional to
(twei)1/4  (Jud, Kausch, & Williams, 1981). With the help of this relation, the expression for the degree of
bonding can be written in terms of times as follows:

1

t 4

weld ( weld) 3)
Ours Trep

The main reason for quality problems is the variation of interlayer bond strength (polymer diffusion) depending
on temperature and time-dependent changes in temperature (Yang & Pitchumani, 2002). In addition, the
temperature in the interlayers and the history of temperature change affect the tyeq. For example; while the
manufacturing process is at layer 30, how the temperature in layer 5 changes or rises above the glass transition
temperature (T,) will affect bonding. Hence, it is important to monitor the temperature of each layer during the
production process. Time intervals above T, at different layers should be examined for the estimation of
bonding degree. It is expected that the layer with the shortest binding time will have the weakest point.

In an experimental study (Coogan & Kazmer, Bond and part strength in fused deposition modeling, 2017) it was
observed that the strength of the upper layers was higher in the production scenario tested. It is stated that a
comprehensive heat transfer analysis model and software is needed to predict which layer is the weakest in
different scenarios. The authors in another study (Coogan & Kazmer, Healing simulation for bond strength
prediction of FDM, 2017) modeled the top 2 layers by making 1-dimensional heat transfer calculation and stated
that a two-dimensional analysis including fiber thickness should be performed. In scope of this study, a two-
dimensional transient heat transfer analysis code is developed. The effect of parameters related to heat transfer
during FDM, such as extrusion temperature, layer thickness, heating-cooling profile, production speed, substrate
(base platform) surface temperature, should be examined.

Computational Methodology

Governing Equation and Discretization

Time-dependent heat diffusion equation is used to calculate transient temperature values inside a solid domain
(Equation 4) (Bergman & Adrienne, 2017). Note that below equation assumes that conductivity of the material

is constant and uniform.
2T 92T  9°T c, 0T
IR I i e 4)
dx?  dy? 9z k kot

Here x, y, z, T, p, Cp 0, K, t denotes x-coordinate, y-coordinate, z-coordinate, temperature, density of the
polymer, specific heat of the polymer, volumetric heat generation rate, conductivity of the polymer and time,
respectively.

Simplified version of this equation with no-heat generation assumption and two-dimensional approximation, the

equation reduces to Equation 5:
T 3°T  pc,aT
+—=— (5)
dx?  dy? ok dt
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With second-order central difference discretization in space, first-order backward difference in time, and
implicit solution scheme, discretized form of the equation is obtained as follows:

Ti"il 2Tn +1, l+1} [] 1 ZT + l}+1 pC Tn !
(Ax)? (Ay)2 T m

(6)

Equation 6 contains i and j indices for the nodes representing discretization on x and y coordinates as shown in
Figure 1. The superscripted index n denotes discretion in time. Ax, Ay and At are mesh sizes on x-direction, y-

direction, and time.
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Figure 1. Domain and nozzle movement (a), Stencil of discretization (b)

With the help of the scheme in Equation 6 for discretization at all nodal locations, multiple equations are
obtained. Total number of unknowns (nodal temperatures) are equal to the total number of equations and these
equations constructs a matrix system. Note that coefficients of nodal temperatures at n™ time, so called a, b, ¢ in
Equation 4, and nodal temperature at (n-1)" time step are known values.

R T+ DT+ b Ty + Ty + e Ty = T @
[a b c . ¢ 1crn - rTn-1-
b a b c c T}i Tz,;i_l
b a b c T?{ Trl—l
b a b C 31 3,1
c b a b =
8
.c b a b ®
c ¢
AR 7 (0

Where |z = (1 + 2Fo, + 2Fo,), | = —Fo, k = —Fa,
alt

. . . - . aht
Dimensionless numbers in these coefficients are defined as |Fo, = —, |Fo ——where =a
ot [ T o

The matrix system in Equation 8 has a form A X = B, where A is the coefficient matrix, X is unknown vector
and B is known vector. Solving this matrix equation, nodal temperatures at n" time are obtained by using the
temperature values in the previous time step (n-1). The calculation procedure starts with the utilization of initial
temperature at t=0 sec as an initial condition and progresses until the end time of the simulation. In other words,
by replacing the newly obtained X-vector with the B-vector, the solution advances in time (using n=0 as starting
point for n=1, using n=1 for n=2, and so on).
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The coefficient matrix (A) can be created with the help of a code and the matrix equation can be solved in a
computer environment with the do-loops as marching in time. In scope of this study, a special code is developed
by using Fortran 90 programming language to analyze heat transfer in a growing solid domain continuously
changing boundaries and boundary conditions. In addition, the GMRES matrix solver (Turan & Ecder, 2011),
which employs Newton-Krylov Method (Brown & Saad, 1989), is utilized to speed up the calculation process.

Initial and Boundary Conditions

The general representation of the applied boundary conditions is depicted in Figure 2.

Extrusion Temperature

Heat Transfer
Coefficients (h_total)

A Base Temperature

=1 =2 i=3 . i=m

Figure 2. Boundary conditions

Blue lines in Figure 2, which consists of A, B, C, D, E1, E2 edges and corners, are subjected to an effective heat
transfer coefficient that embodies convection and radiation heat transfer coefficients. After some algebraic
manipulation, the concluding boundary equations are given in Table 1.

|Q = he]‘fcctiveA (Tf?} - Toc) (9)

lheffective = h?‘adiation + hconvection (10)

|hraa!iaticm = (Tizfl + 1o )[(Tiﬁiil) + TO%] (11)
}Eix _ hcffec;ctive“ﬂx (12)

}Eiy _ heffei;':ive‘d} (13)

Table 1. Equations at boundaries with heat transfer coefficients

3.

1. A
2. Left Edge
. 2F6, + 2Fo, + 2Bi,Fu, + 1)T}; — 2F0, T}y ; — Fo,T7_1 — Fo Tl = 2Bi,Fo, T, + T’
5.
6 B 8.

7. Top-Left Corne
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o 2Fo, + 2Fo, + 2Bi Fo, + ZBi,Fo, + 1)T}; — 2F0, T ; — 2F0,T%;_y = 2Bi,Fo, T + 2Bi Fo, T, + TT]
10.
13.
11. C
12. Right Edge
14, [BFox 2Fo, + 2Bi Fo, + 1)1} — 2Fo,I7 4 — Fo Ty — Fo,I7;.; = 2Bi Fo, T +T7}"
15.
18.
16. D
17. Top-Right
Corner
1, 2Fo, + ZFo, + 2BiFo, +2Bi,Fo, + )T — 2Fo, T, — 2Fo Ty = ZBi Fo, T , + 2Bi Fo,T. |+ T}
' 20.
23.
21. E1 & E2
22. Top Edge
o, BFOx+ 2ZF0, + 2BiyFo, + 1)Tly — Fo,Tfy; — Fo, Ty~ 2Fo, Ty 4 = 2BiyFo T, + !
' 25.

Note that radiative heat transfer coefficient is calculated by using the nodal temperature in previous time step.

In Figure 2, the extrusion temperature is shown as red line to define primary heat source. The boundary
condition on this edge is applied as rz. Same approach is employed for the base temperature, which is

a constant value, ﬁ?,. = Thase

= fextrusion

Parameters for Preliminary Analysis

Assumptions:

e  The temperature of the melted plastic coming from the nozzle is constant.
e Material properties are homogenous inside the solution domain.
Boundary Conditions:

The extrusion temperature is equal to 210 °C.

Base temperature is 60 °C.

Air temperature is assumed to be 20 °C.
The speed of nozzle (production speed) is 60 mm/s.
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Material Properties:

Temperature-dependent material properties are used for the accurate calculation of matrix coefficients. Fitted
equations to the property data provided in literature (Sin, Rahmat, & Rahman, 2012) are as follows:

e Conductivity (T in Kelvin), k=0.130 W/m-K

e  Specific Heat of PLA,
For T > 330 K; ¢, (J/kg-K) = 1.031698*T + 1677.2415
For T < 330 K; ¢, (J/kg-K) = 3.969*T + 159.72

e Density of PLA (T in Celsius);
p (kg/m®) = 1240 kg/m®

The Geometry and Computational Parameters:

o X-direction: Width of the part is 19 mm, and it is divided into 10 segments (Ax=1.9 mm).

e Y-direction: Layer thickness is 0.3 mm, and the total height is 25 mm which approximately corresponds to
printing of 80 layers. Each layer (0.3 mm) is discretized by 3 nodes to resolve layer thickness (Ay=0.10
mm).

e Time: The algorithm is designed to advance 1 node at every time step. The time step size, At=Ax/speed, is
calculated as 0.03167 seconds.

Between consecutive layers, a time delay is defined to allow cooling process taking place during the production
in third dimension. Intra-layer printing time is calculated with considering total area to be printed at each layer.
With using the geometrical parameters, intra-layer delay is estimated as 3.8 seconds that corresponds to 120
time steps/layer. Following the completion of the printing process, an ultimate cooling time of 1,600 steps (~50
seconds between 10,280™ and 11,880™ time steps) is defined after the completion of the printing to observe cool
down.

Results and Discussion
Preliminary Simulation Results

Preliminary results are obtained with the assumption that convective heat transfer coefficient is equal to 500
W/m?-K and Tye=60 °C. Contour plots in Figure 3 visualize temperature changes inside the printed part at
different timesteps. Heat diffusion inside the domain, cooling effects from top, left and right boundaries are
clearly observed. Thermal energy deposited during the printing process keeps layers above T, at hotter
locations. Note that T, is between 50 °C and 80 °C for PLA (Matyjaszewski & Moller, 2012).
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Figure 3. Computed temperature contour plots at different time steps (T in Kelvins)

Time history of nodal temperatures at the center of 2", 20", 40" and 60" layers are given in Figure 4.
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Figure 4. Nodal temperatures at the center node of layers

An experimental study in literature experimentally analyzed the effect of processing conditions on the bonding
quality of FDM polymer filaments (Sun, Rizvi, Bellehumeur, & Gu, 2008). The time history of temperature data
shows peaks with frequencies dependent on the printing speed and the printing path.
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Figure 5. The time history of the measured temperature by k-type thermocouple during FDM (Sun, Rizvi,

Bellehumeur, & Gu, 2008)
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Conclusion

In scope of this study, a Fortran code is developed for the modeling of transient two-dimensional heat diffusion
equation to understand history of temperature during 3D printing process via FDM. A matrix equation is
obtained at each time step due to implicit time scheme which assures convergence of the solution regardless of
the mesh size. The matrix is solved with the help of Newton-Krylov algorithm at each time step. A delay time is
defined between layers and matrix is solved under convection and radiation boundary conditions at this time
interval to consider the cool down period due to continuing extrusion process in the third dimension at the same
layer.

During the simulation of the printing process, convection and radiation boundary conditions are applied to
capture accurate cooling rate. 500 W/m*K as the convective heat transfer coefficient (HTC) is applied to see the
cooling pattern clearly. This number is the upper limit of the generic range of convection coefficients of air; 2.5-
25 W/m*-K for natural convection, and 100-500 W/m?-K for forced convection (Kosky, Balmer, Keat, & Wise,
2013). It is important to remark that this elevated HTC intrinsically compensates lacking cooling effects in the
third dimension which is expected to have the highest contribution to the overall heat transfer since front and
back surfaces have relatively large areas compared to the other sides.

The two-dimensional code can be calibrated with the use of measured temperatures via infrared camera. Then,
the calibrated code can be used for the estimation of t,eqg, total welding time above glass temperature, at
different production parameters. A tyeq-c correlation can be developed with tensile tests of the parts that are
manufactured under corresponding production parameters. The authors continue to work tensile tests for the
determination of a t,eq-c correlation for PLA.

Recommendations

As a future work, modeling of the third dimension with actual printing path is recommended. Convection from
back and front surfaces contributes to cooling which has an impact on time history of temperatures. Further
improvement of the code to include discretization of the third dimension may result in more accurate estimation
of tyeld.
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Abstract: The study of the structural elements goes through the premise of their centric support and centric
connection. In reality, it is common to see elements with different cross-sections connected by offset axes, for
example to align some of their edges, or those that are supported with off-center supports. Such inter-element
eccentricities and off-center supports leads to a change in the stress-strain state from the traditional ones known
from the available literature and university textbooks. In previous publications with participation of the author,
exact nonlinear and approximate analytic solutions of similar problems for beams under various loading,
support and connection conditions have already been published. The finite element method provides an
approximate approach for computer analysis. In this paper, results obtained through a computer program created
in the MATLAB, based on a finite element accounting for eccentricity in connection and off-centering of
support, are demonstrated. The results shows values in the diagrams of internal forces differing by up to 15-30%
compared to the classical theory of centric connection and centric supporting.

Keywords: Continuous beam, Different cross-sections, Inter-element eccentricities, Off-center supports, Finite
element method

Introduction

In construction practice, it is often assumed that beams and systems of bodies are connected under the premise
of their axial support and axial connection. In real structure, however, there is often a divergence from this
assumption. The presence of different operating conditions of the structural elements causes the emergence of a
more special stressed and strained state. This is proven in a number of studies with the participation of the
author (Mladenov & Doicheva, 2011; Doicheva & Mladenov, 2009). Inferences were made in both, linear and
non-linear analysis. The latter case is based on the exact differential equation of the deformed beam axis

ddlqz:i + EFI (1_%“,5%)%% =0 and the elastic analogy theorem (Mladenov, 1985-86).

The practical application of the obtained results requires an approach applicable to modern computing
technology. Over the past few decades, the finite element method (Bankov & Pavlova 1989; Gallagher, 1984;
Bhatti, 2005) has proven to be a reliable means of solving complex stress and strain states. In this paper FEM
will be used to study continuous beams without and with joints. However, a corresponding finite element is
required for this purpose. A stiffness matrix of such a beam-type finite element was obtained by the force
method in (Mladenov et al., 2011-2012). Another so-called direct approach will be applied here (Gallagher,
1984; Gavin, 2011).

Method
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Figure 1. Finite element for unsymmetrical support with nodal forces and displacements

Figure 1 presents the type of finite element with length L, eccentricities e and e, , respectively, at nodes 1 and

2, nodal forces, nodal moments as well as unknown displacements and unknown rotations. From now on, for
brevity, we will only talk about nodal forces and displacements in a generalized sense. The element is subjected
to special bending and normal force. The physico-mechanical characteristics of the cross-section are: E -

modulus of elasticity, I - principal moment of inertia, A - area of the cross-section and i=./I/A - radii of
gyration.

Derivation of Stiffness Matrix by Direct Approach

The fields of displacements (Gallagher, 1984) u(x)=a,x+a,; w(x)=a,x* +a,x*+a,x+a, with
w'(x)=3a,x* +2a,x +a, have values for the endpoints respectively:
u(0)=a,;u(L)=alL +a,; w(0)=a,;u, ~-w/(0) w(L)=3a,l> + 2a,L +a,;u, ~ —w/(L) (1)

On the other hand (Figure 1),

u0)=u, +eu, =u, —ew'(0)=u, -ea,, and  u(L)=u,+eu, =u, —e,w(L)=u, —e,(3a,l* +2a,L+a,).

From here follows the relation {u} =[B]{a} ; det(B)=-L, from where for the coefficients of the displacement

functions we can write {a} = [B‘l} {u}, therefore:

_ . e /]
al SHH o o

a, 1 0 0 e, 0 0 u

a, _ 0 0 %3 - }|/_2 - %3 - }I/_z u, = EWI; (2)
a, u, =

4 0 0 —%2 % %2 %_ 3 o,

8 0 0 o0 -1 0 0 |[us=(w)

&) o o 1 0 0 0 |lu=(a)
Thus, the longitudinal displacement as a function of the nodal displacements s
u(x)=(u,—u,+eu,—eu)x/L+u +eu,, and for the axial linear strain is  written

g, =U'(x)=(u, —u, +e,u, —eu,)/ L. Using Hooke's law, the normal stress and hence the normal force in the
beam is determined:

N:o-XA:EAgX=E—|:A[—1 10 —e 0 el ©)

F, Nodel

Figure 2. Internal forces at the finite element boundary
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On the other hand, the relationship between the normal force and the nodal forces is (see figure 2) F, =N ,
SO:

F :E]' -1 0 e 0 -—¢ {U} @)
F, L{-110 —-e 0 e

The following coefficients a,, a,, a,, a, are expressed by (2)

2u, u, 2u. u 3u, 2u, 3u, u
Substituting (5) into the transverse displacement function yields:
X X x X X’ x° X X
W(X)Z (ZF—BF-F].JUZ + X[ZE—F—].JUS +(3F—2F]U5 + X(I—F)UG . (6)

This result is recorded in matrix form w(x)=|N fA} = [N, N, N, N, A}, where {A}=|u, u,u, u, [ . N, are
called interpolation functions or shape functions (Gallagher, 1984).

The dependence between the bending moments defined in the end sections is used as follows: M, = -Fe +F,;
M, =Fe,—F, and the derivatives w"(0) and w’(L), bearing in mind that M (x)= Elw’(x), a system of two
linear equations with four unknowns is obtained. Since F, and F, are already defined, from the above
expressions we extract F, and F,, i.e.

F|_ ElI[le -Le -6Li® L*(4i"+ef) 6LI® L*(2i*—eg,) ) "
F[ Lif|-Ue, L -6Li® LX(2i-eg,) 6LiZ L2(4i2+e2)] "

6

Finally, through the expressions for F,, F,, F,, F, and the conditions for equilibrium of the forces is found:

F| EI[0 0 12i* -6Li® -12i* -6Li® fu) @®)
E[ LCi’|0 0 -12i* 6Li® 12> 6L#? '

5

Written together (4, 7, 8) give the stiffness matrix of the finite element considering the influence of only the
bending moment and the normal force:

F & 0 Le, » 0 -Le, |(El,
F, 0 12i -6Li2 0 -12i —6Li Elu,
F| 1| Lle -6BLF L*(4i*+¢f) —L’e 6LI* L*(2"-eg,)||Ely, ' ©)
F| Li*| - 0 —L%e L 0 L’e, Elu,
F, 0 -12i 6Li’ 0 12¢? 6L’ Elu,
F, -L’e, -6LI® L°(2i"-ee,) Le, 6LI" L°(4i"+¢) |[Ely,

Geometric Stiffness Matrix

The element with pre-deformation length dx due to bending only is elongated to dl (Figure 3). Furthermore
dl = J(dx)” + (dw)* ~ [L+w?/2)dx. (10)

Therefore, the absolute extension of the element with length dx is dl —dx = (w'2 /2)dx .
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The differentially small work of the normal force from this extension will be dz =N (x) (w'zdx)/ 2, and for the

L
entire beam will be I1, = j(N (x)w’z)dx/ 2, which is exactly the potential energy of deformation.
0

iﬁ dx —>!

A
w
M wdw
N ]
dw | M 1

dl \_j‘TN

Figure 3. Infinitesimal length deformation

L
At a constant normal force N =N we will have (Njw’zdx]m .
0

I = & ZEJ.LW'ZdX = (Guzz —12u,0, +6u:)- (u2 _us)(us +u6) +L 2“32 —UUs +2u§ . (11)
SN 2% 10L 10 30

From Castigliano's inverse theorem, we obtain the forces F., and the geometric stiffness matrix, which is due

only to the influence of a constant normal force and the bending deformation, takes the known form (Gallagher,
1984; Gavin, 2011):

Fe 0 o0 0 0 0 0 Jfu 0 0 0 0 0 0 J(El,

Fyo 0 6/5L -1/10 0 —-6/5L -1/10 ||u, 0 6/5L -1/10 0 —-6/5L —1/10 ||Elu,

Fol |0 -1/10 2L/15 0 1/10 -L/30|ju,| N[0 -1/10 2L/15 0 1/10 —L/30|Ely, (12)
Fol |0 0 0 0 0 0 [Ju[ EIlo o 0 0 0 0 ||Ew,[

Fio 0 -6/5L 1/10 0 6/5L  1/10 ||u, 0 -6/5L 1/10 0 6/5L 1/10 ||Elu,

F 0 -1/10 -L/30 0 1/10 2L/15|u 0 -1/10 -L/30 0 1/10 2L/15||Elu

6

The use of the geometric stiffness matrix in addition to the basic one turns out to be very useful in the iterative
determination of a critical load in frame systems in the Euler sense (Gallagher, 1984; Saouma, 2002))

Results and Discussion

The calculations were performed with a program running in the MATLAB (MATLAB R2017b) environment.

First Example

gq=15kN/m’

gq=10kN/m’ q=10kN/m’ ,
IEEERREEN

E 3l 5N | Suisim 2

= 2 = — 3 — — =+ —15

(= - |

1 o A32um 50kN —I—
L=p5 ABKNM L=2,5 L=4,0 L=3,0
HEA 300 Y HEA 240 HEA 160 HEA 240

15kN

Figure 4. The joint is in the first element axis

Figure 4 shows a beam composed of 4 elements, two of which are with equal cross-section. All sections are
aligned along the upper edge of the section, which leads to the divergence of their axes. The connection between
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the first and second section is with joint. Initially, the joint is in the first element axis. The concentrated forces
and moments are introduced at the elements nodes. The stiffnesses of the linear and rotational springs are related
to the stiffnesses of the beam. The linear springs is brought to the stiffness of tension (compressure) of the beam

EA

by coefficient ¢, as k =¢; The stiffness of the rotational springs is reduced to the bending stiffness of the

beam by the coefficient y and is ¢, =, % In the example considered are accepted ¢ =0,25 and y=0,5.

4 ', U15=0,004
4=0,030 | |w=0.005 ; 3 Uyg=0,010 . ;L . / 5[
- N @-—) “U=0,379 —4 uz=0,293 S _wz, [ 0028_ 5
0 ' Uy4=0,
<
1 \/ - U=7,527 Uy=5,704 Z— |, Zooo
u;=0,029 5=1
LA L=25 L=2,5 L=4,0 L=3,0

Figure 5. Displacements and rotations in the nodes

The results are shown graphically in Figure 5 and Figure 6.

g=15kN/m'’ |
gq=10kN/m* q=10kN/m' 65 65 :
1T %ﬂ/ﬂ/ﬂﬂ o
_ _ 50 7 364,0t
L 2 i — — — ESE
— — T <~ = ® 5 36,97
45098 |1 ‘H'r ( 7 Z
N el s
L=25 L=25 L=4,0 L=30
A HEA 300 Y5 HEA240 HEA 160 HEA 240 2184
59,94
@ 36,97
450,98
59,94
28,69
: 26,84
' 21,84
@\ 13,69 Lig @ @
S) 39,81
59,14 73,53
\ 42,42
\ 5 @ / P
’ 39,68| 3282
54,77 '

Figure 6. Initial force when the joint is in the first element axis

The second case is when the joint is located along the lower edge of the second element and all other conditions
from the first case are preserved, Figure 7.
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10kN/) s 10kN/ A
= m' — m
_ 0 N4\ 39464
B 3l A | Aus 2 5
— N = T e T T 77,00
267,55 | 1 Er 2 (2 - t e E

4—’-2 48 }32 - 11,65

- L=25 L=2,5 L=4,0 L=3,0

) HEA 300 HEA 240 HEA 160 HEA 240 4957

217,36 Yis

267,55 @

990
& © @

3,89 L\ @

18,89 31,39 \
71,39

181,86

153,74

@ 253 [23.70 6,98
45,04 65,37

77,51

Figure 7. Beam with joint on the lower edge of the second element

In the two cases of joint position, the initial forces have different values. The large axial force is striking and the
fact that if in the first case normal force is compressive, then in the second it is tensile.

=g=—Normal force in element

1,23
=== Normal force in element 4

300 —
200
5100
= )
° A=amFaraad
210(}\5‘%\&:& :3-\6:3- s © bz 5],\ V) T T
s N Imid

%200 n e I

[}
£300 =
2400 — /
-500 "l ﬁ
-600 L /

-700

Position of the joint along the height of the beam [cm]
Figure 8. Change in normal force when moving the joint along the height of the beam
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The limit of variation of the normal force during the displacement of the joint along the height of the beam is
shown in Figure 8. When placing the joint around the upper edge on the beam, the horizontal force is
compressive. This force numerically exceeds the vertical transverse loads by about two times and continues to
increase as the joint moves towards the axis. The extreme value is slightly below the axis of the first element.
Moving the joint to the bottom edge of a second element results in a rapid reset and reversal to the tension
direction with a value commensurate with the maximum compressive force. The example is indicative for the
importance of research on the different position of intermediate joints in non-axial connection and off-center
support of continuous beams.

Second Example

A classic example about the occurrence of a complex stressed and strained state caused by the off-center support
along the lower or upper edge is the crane beam (Figure 9).

Runway beam

IPE 300
q”f 777777777 o o o EJ

L=6,0m | L=6,0m L=6,0m L=6,0m L=6,0m L=6,0m L=6,0m
I
8 * IPE 300
‘5 11 A17 23 29 35 41
,,,2,,,,‘.;_,4,,8,,,,, 10,,,14,,,,‘ 160 420 _ _ g ) ,22 2,6,,,,.9_33, 32,,,,.9_.3:‘,3&,,,,%_,49,44,,,
J I @ 4 @ v 1 ® “1 ®| 4 0 #© Q A% @ %
&?1 Al ﬁl—;m o D % ot 3 43

'® ® ® @y |© D a3 a5

| L=60m |  L=60m |  L=60m |  L=60m |  L=60m |  L=60m |  L=60m |

I I I I I

Figure 9. Crane beam

The crane beam is made of an IPE 300 profile. The crane beam is supported on an analogous profiles with a
cross section of IPE 300. The bolted connections between the profiles are modeled as fixed supports. There will
be a tendency to torsion on the support beams, which will lead to the occurrence of an additional moment

accounted by the rotation springs in the supports. Their coefficient c=% has the value

4 -8
co 8000.10%.19,77.10 —79.08 kN.m
0,20 rad

. On the other hand, the coefficient of the rotation spring reduced to the

El
bending stiffness of the beam is C = yT, where L, is the length of the i-th finite element to which the
oL 79,08.3

stiffness of the spring is reduced. It follows that y = R E——
El 2,1.10°.8356.10°

=0,0135.

The results of the program are shown in Figure 10.

The large horizontal force in the loaded span of the beam, which exceeds the value of the transverse load as well
as the jumps into the moment diagram in the area of the supports are striking. They are explained precisely by
the displacement of the supports from the axis. If the supports were at the axis, as is commonly assumed, then
the moment diagram values would be as shown by the dashed line. They differ from the real ones by 14.5% in
the span of the beam and 27% in the area above the support. There is a case where, if the support is in the axis,
like the classical cases, the beam will be dimensioned as a special bending. The presence of a horizontal force,
however, requires that it be considered as a bending combined with tension or compression.
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Figure 10. Numerical results for crane beam
Conclusion

The stiffness matrix for off-center connection of the finite elements is derived.
Examples of beams with off-center support and eccentrical connection are considered.

The influence on the internal forces at the different positions of the connecting joint between two elements of a
continuous beam is shown.

The values of the normal forces, which many times exceed the vertical loads are demonstrated.
An example of a crane beam shows the effect of off-center supports on the stress and strain state. Large

horizontal forces are observed. Bending moments over some supports and in the some span of the beam exceed
those obtained when the beam is axially supported between 14,5-27%
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Notes

This article was presented as an oral presentation at the International Conference on Basic Sciences,
Engineering and Technology (www.ichaset.net) conference held in Istanbul/Turkey on August 25-28, 2022.
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Abstract: This work presents the dynamics and active vibration control of a non-uniform functionally graded
beam. Thanks to the strong use of beams and specifically with non-uniform section, in the different industrial
applications, such as helicopter rotor blades, wind turbines, space and marine structures, we present in this
article, a comparison of linearly and non-linearly tapering beams. The FGM beam is equipped with four layers
of piezoelectric materials as sensors and actuators, bonded on the upper and lower surfaces of the main
structure, on different finite elements to see the influence of its location on the dynamics and active control. In
this study, the Timoshenko beam’s theory combined with FEM is applied to a beam divided into a finite number
of elements. Hamilton's principle is applied to generate the equation of motion. The structure is modeled
analytically and numerically and the simulation results are presented at the end. The optimal LQG control with
Kalman filtering is applied.

Keywords: Vibration, LQG-kalman control, FGM, Piezoelectric materials, Timoshenko’s beam theory

Introduction

The mathematical finite element model of Euler Bernoulli has shown its limitations because it does not take into
account shear effects, rotational inertia, axial displacements etc... In order to remedy this, we model our smart
structure by the Timoshenko shear deformation theory. Timoshenko's beam model corrects the classical beam
model by considering the effects of first order transverse shear deformation and axial displacements. Thus, the
Timoshenko’s beam theory overcomes the disadvantages of the EB’s beam theory and the resulting
mathematical model is closer to an exact model. For isotropic beams, Timoshenko's theory takes into account
six fundamental global deformations (bending and transverse shearing in two directions, extension and torsion).
In this model, a plane cross-section perpendicular to the beam axis before deformation no longer remains normal
to the beam axis after deformation due to shear. The derivation of normality is produced by a transverse shear
which is assumed to be constant over the cross section. Thus, the Timoshenko beam model performs better than
the EB’s model for the accurate prediction of the response of a beam and is of additional importance in the
dynamics of the structure and the control of its vibrations.

In the mid-1980s, a new class of composites, called functionally graded materials (FGMs), emerged thanks to a
group of Japanese scientists (Koizumi, 1997). That year, Japanese researchers faced a problem that required a
specific type of composite material that could withstand a very large temperature difference in a space project.
These materials exhibit a gradual change in their composition as a function of volume (Bharti et al., 2013).
These composites are widely used in various engineering applications due to their high temperature resistance.
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Mechanical structures are often subject to vibrations from various sources. These vibrations are generally
sources of problems affecting the proper functioning of many systems and processes in different industrial
sectors and many engineering fields such as automotive, aeronautics, naval... Thanks to the strong use of beams
and specifically with non-uniform section, in the different industrial applications, such as helicopter rotor
blades, wind turbines, space and marine structures. These systems increasingly integrate more composite
materials in the manufacture of structures. The amplitude of vibrations can cause a significant number of
problems such as damage or fatigue of structures. One solution to such a problem is active vibration control
(AVC) (Beards 1996).

Examples of systems where AVC can be applied are numerous, such as fans, vehicle interiors, precision
equipment, engines, electric and hydraulic drives, noise barriers and enclosures... (Bendine et al., 2016, El Harti
et al., 2017, Panda et al., 2016). There have been extensive theoretical and experimental studies on FGM
structures that have been published, especially beams and are still of interest to researchers because of their
applications. (El Harti et al., 2017) studied the AVC of an FGM beam with a piezo-materials with a new
geometry. They also addressed the active control of the porous Euler-Bernoulli FGM beam in a thermal
environment with symmetrically bonded piezo materials (El Harti et al., 2020), as well as the dynamic analysis
and AVC of the distributed piezo-thermo-elastic porous FGM beam modeled by the FEM (EI Harti et al.,
2021). (Sahabni & Cunedioglu, 2020) studied the free vibration analysis of cracked FG non-uniform beams.
(Ebrahimi & Hashemi, 2017) investigated the vibration analysis of non-uniform FG porous beams under
thermal loading. (Kumar et al., 2015) analyzed the geometrically nonlinear free vibration of axially FG taper
beams. (Chen, 2021) studied the vibration analysis of axially FG Timoshenko beams with non-uniform section-
cross. (Huang et al., 2013) examined the free vibration of axially functionally graded Timoshenko beam with
non-uniform cross section. (Ozdemir et al., 2010) presented a study of the vibration analysis of a rotating
tapered beam using DTM. (Eberle & Oberguggenberger, 2022) established a new method for estimating the
bending stiffness curve of non-uniform Euler-Bernoulli beams using static deflection data.

Mathematical Formulation

A non-uniform FG beam with dimension (L x b(x) x ), the width E(x] is considered variable in this study.
The general equations for the cross-sectional area, width and moment of inertia of the beam are given by
(Ebrahimi & Hashemi, 2017):

X\ m
beo = b0 (1- 6, 7)
x\m
P(x) =a4(1-67) O

by ) = by (1 - )"

The width taper ratio (ﬁ) must satisfy [0 < ¢, < 1 for [4(x> and |Iy(xj to be positive. Knowing the width
quantities at the embedding and free end of the structure, the width taper ratio can be calculated as follows:

p=1—=— 2

In this study, the beam shrink linearly (m=1). The quantities of cross sectional area, moment of inertia at the
beam embedment can be written as follows:

The properties of the materials vary from pure metal on the bottom side to pure ceramic on the top side using
power law, presented as follows: (El Harti et al., 2020).
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According to the theory of Timoshenko, the longitudinal and transverse displacements are written, respectively
(Friedman & Kosmataka, 1993):

i y,2,t) = 28(x,t) Wxyz)=wxt 6
The nonzero components of strain can be written by (Eisenberger & Abramovich, 1997):
}E o€ }y 0w e ®)
xx L a Xz g

The equations of motion are derived via the Hamilton’s principle:

t2
}51_[: (5U - 8T — sW)dt=0  (7)

ty

with @ﬁ | W, represent the variations of strain energy, kinetic energy and the work of external forces,
respectively.

The strain energy U of the element can be written as:

7o 1 90
1 — —
- _ ox EI 0 ] ox dx (8)
21 |dw 0 KGAl|dw
o |=—+89 —+8
Ix ax

where E, G, | and |E are respectively, Young modulus, shear modulus, the area moment of inertia of the cross-
section and the mass density, and K = 10(1 + v)/(12 + 11v’ being the shear coefficient (Cowper, 1996).

The kinetic energy of the element is given as:

Lrew” dw

1 acl A 0108t
_ 9
zflae [0 ol| |20 [¢ ©)

* 15t at

The total work IVTF due to the external forces in the beam is given by:

o= [T e

Finite Element Formulation

The equations governing the beam based on the Timoshenko theory could be satisfied if their polynomial order
in R is far greater by one order of |E (Friedman & Kosmataka, 1993). Using the boundary conditions for the
embedded-free beam, the transversal displacement ﬁ;(x, t) and its first, second spatial derivatives are given in
matrix form as:

w(x, OIN,Jl] W (x, O[N] o] o DNl A1)

With

h:[Wl 6, w2 81" (12
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The equation of motion’s element is developed by substituting the shape functions in the Hamilton principle,
then integrating over the entire length of the element:

Mi + Kg=  (13)

where the elementary mass matrices of the piezoelectric and FGM elements are expressed respectively as:

1p

[Mp]“f [ [ ol [N e 69
=3[l 5 2Jfie oo
0

and the elementary stiffness matrices of the piezoelectric and FGM elements are also expressed respectively as:

11} aNe T aNa (16)
B X
[KP] = fﬁ‘N N [ KGA]BN Nd}‘
ax T 5 M
lb aNe T [ 6Ng T (17)
1 e C. O v
FGMT _ Ix 3 ax
[K ]_zf aN,, [0 C,J N, d
0 _+ NB _ + NB
Jx L 9x

with l(,T IC_ IC_ and E are constants which depend on the characteristics of the FGM material, given by (El
Harti et al., 2019).
Piezoelectric Equations

The linear piezoelectric coupling between the elastic field and the electric field can be expressed by the direct
and inverse piezoelectric constitutive equation (Aldraihem et al., 1997, Anjanappa & Bl, 1994) as:

D, = ds,6 + €°E D, = ds;E;+S%  (18)

The voltage will be applied as an input to the actuator with an accurate gain depending on the degree of
damping desired.

lp

‘0 = Gce3lzbf njgd: (19)
0

Where‘z = (2 + ts\, and Ie_g1 being the piezoelectric stress/load constant.

Vi =500 -1 o 1] (20
Ve =-slo -1 o 1 (D

where Eg = (speq 2L is called the sensor constant.

Dynamic Equation

The dynamic equation of the structure and the control equation are finally given by:
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IM*E +Cg+K'g=fou + o + o (22)

The state space model in MIMO mode is given by:

k = Ax(t) = Bu(t) + Er(t. (23)
bty = CTx(t) + Du(t)  (24)

Results and Discussion

In the aim to validate the control’s procedure, we consider an embedded-free FGM beam with a non-uniform
section, partially covered by four layers of piezoelectric materials. A pulse of amplitude (1N) is applied as
external force. The figures below show the response of the beam to the pulse. In all results, we presents the
comparison of the responses, with and without control, varying the location of piezoelectric actuators as well as
the taper ratio, and the power index. The geometrical and physical characteristics of the materials are shown in

(Table 1).

Table 1. Geometric and physical characteristics of the structure

Physical properties FG material Material (PZT) Sensor/Actuator
Length (m) [ =5%x1,=0 Ilp = 0.02
. = (.03 =0.02
Width (m) 2= 0.02 )= 0.02
Thickness (m) E = 0.00Z |tg =t, = 0.00001
Density (Kg/m?) b = 32;(;3; b, = 770
Young’s Modulus =70 |Ep — 681
(G Pa) . =38(
Poisson's ratio }vm—;(()): |vp =03
PZT Strain constants (m/V) ks =125 x 1071
PZT Stress constant (Vm/N) lgzy = 10.5 x 107

Figure 1 shows the variation of the width from b=3 to b=2, keeping the power index k=1. Figure 2 presents the
variation of the power index for k=(0.5; 1; 5) and b=2. in the first two figures, the actuator pair is in the FE2.
Figure 3 shows the variation of the actuator pair between FE2 and FE3 for k=1 and b=2.
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Figure 1. Impulse response of the smart beam for k=1 (Actuators in FE2)

From (figure 1), we find that the increase in the width taper ratio (decrease in the width) between b=3 and b=2,
implies increases in the amplitudes of the vibrations. The decrease in width implies a decrease in the mass
matrix, it means that the structure becomes less resistive.
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Figure 2 shows the variation of the power index. From the figure, we find that the increase in the power index
between k=0.5 and k=5, implies an increase in the vibration amplitudes. This increase is due to the fact that the
increase in the power index, the beam contains more metal than ceramic, the thing which explains the weakness
of the matrix of matrix and rigidity.
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Figure 3. Impulse response of the smart beam for k=1 and b=2

From Figure 3, the displacement of the actuator pair from the embedded end to the free end implies an increase
in the vibration amplitudes. This increase is explained, that the displacement of a quantity of material towards
the free end is equivalent to an increase in the excitation force.

Conclusion

In order to study the dynamics and active control of a non-uniform section FGM beam, based on Timoshenko
theory and FEM, we consider a free-embedded FGM beam containing four layers of piezoelectric materials. The
analysis of results shows that the increase in the power index, the increase in the width taper ratio as well as the
displacement of the pair of actuators towards the free end, imply increases in the amplitudes of the vibrations.
also the comparison of the responses in open and closed loop shows the success of the LQG-Kalman active
control procedure.
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Abstract: In engineering practice, perhaps the most interesting aspect of woodworking deals with the
relationship between wood and moisture. The plywood composite presents hygroscopicity characteristic, as the
wood and reaction almost like a sponge, will gain or lose moisture from the air based upon the conditions of the
surrounding environment. When the tree is in the green state, is first felled, it contains a very large amount of
moisture existing in two different forms: as free water that is contained as liquid in the pores or vessels of the
wood itself and as bound water, trapped within the cell walls. After that the wood is exposed to the air and
immediately loose free water and the wood does not contract or otherwise change in dimension, it is in the state
of drying and it is called the fiber saturation point. The moisture content in each piece of CP5 composite
material is expressed as a percentage of the weight of the water and oven-dry weight of CP5 composite material.
The moisture absorption depends on the wood type, density of wood and it is influenced by the environmental
temperature, this is an aspect very important in the furniture industry. The moisture absorption test is generally
used for quality control purposes and to measure the degradation of the quality for the wood and composite
materials.

Keywords: Isotherm absorption, Composite materials, Rate of moisture, SEM analysis, Thermostat enclosure

Introduction

Variation of the moisture content can cause wood to shrink and swell and alter its dimensions, affecting all
wood properties. In the same time, the manufacturing, gluing, and finishing of wood and its mechanical,
thermal, and acoustic properties are influenced by moisture content, this can increase weight 100 percent or
more, with great effects on transportation costs. For realizing traction tests for the CP5 composite samples on
the temperature and hydroscopic control, it was used an enclosure thermostat controlled in temperature and
humidity.

The humidity can influence too, the processing operations, especially drying, preservative treatment, and
pulping. The moisture content of CP5 composite material can be calculated based on its current and oven-dry
weight. In the case of wood, the hygroscopic value varies between 30 to 100 percent, in function of species,
position of the wood in the tree or year seasons. In this article we used a climate room with control system and
an electric moisture meter portable that can measure the change of electrical properties of CP5 composite
material, in function of changing moisture content. In the case of carbon-fiber-reinforced polymer matrix
composites, the high specific strength, stiffness, and good chemical resistance, make them attractive for
applications in aerospace components, sporting goods, civil structures, and marine vehicles, but humidity
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absorption can reduce their mechanical properties (Costa, 2006). For the basalt fibre reinforced polymer matrix
composites, the moisture absorption influences considerable the mechanical properties (Pandian, 2014). By
example for carica papaya fiber reinforced polymeric composites, the moisture absorption affects the thickness
swelling behaviors on mechanical performances (Saravanakumaar, 2022).

Fiber-reinforced polymer composites may offer numerous attractive features such as low cost, high specific
performance, and ease of production. But their durability and sustained performance depend of severe and
changing environmental conditions. Property drop was observed to be much more significant for the samples
that were exposed to lower freezing temperatures before moisture absorption (Hamidi, 2017). For the natural
fiber composites was investigated the value of Fickian diffusivity constant, moisture equilibrium content and
correction factor. Tests were carried out on composite plates, which was a combination of sugar palm fiber and
epoxy resins and two different fiber compositions have been chosen which were 10% and 20% by weight and it
is shown that, for composite plates that contain higher fiber composition, the moisture absorption rate is even
higher (Leman, 2008).

Method

For establish the moisture value for the CP5 composite samples in function of the temperature and hydroscopic
control, it was used an enclosure thermostat controlled in temperature and humidity. The thermostat enclosure
is composed of the following elements:

- the inner tube of welded stainless steel sealed and exhaust bung;
- mineral wool insulation;

Two joints in silicon;

Door opener with wedge-thermal bridges: The principle of heating enclosure it is realized using the caloric
resistances in stainless steel, arranged behind a table screen. The cooling is accomplished by a fluid evaporation
condenser in a shifter in the form of copper tube. Concerning the adjusting the temperature, the cooling it is
regulated using a tuning electro valve, been equipped with a cold circuit. The heating it is made using under
voltage heating resistances with a static relay. For controlled humidity it is used a solenoid feed, a cold drying
racket, electro valves that inject compressed and dried air.

Mass [g]
0

Drying in dry air - CP.5-1

-5

-10

0 100 200 300 400 500
time [min]
Figurel.Drying in dry air for C.P.5-1 composite material

Results and Discussion
In this research, it was studied the moisture behavior for traction tests for the CP5 composite material. For CP5

composite material is shown the experimental values of absorption coefficients for moisture 1%H, at the
temperature of 100°C in the Table 1.
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Table 1. Moisture coefficients for CP5 composite material at 1%H and the temperature of 100°C

Temperature Time Humidity Mass
[oC] [min] [H] [g]
25.4 0 1 0
79.8 15 1 -0.7
102.3 30 1 -3.3
102.3 45 1 -5.1
102.4 60 1 -6.8
102.4 75 1 -8.5
102.4 90 1 -10.1
102.5 105 1 -11.8
102.6 120 1 -13
102.4 135 1 -14.2
102.6 150 1 -15.2
102.7 165 1 -16.1
102.6 180 1 -17
102.4 195 1 -17.8
102.6 210 1 -18.2
102.6 225 1 -18.8
102.6 240 1 -19.3
102.4 255 1 -19.7
102.4 270 1 -20.2
102.5 285 1 -20.7
102.6 300 1 -21.3
102.6 315 1 -21.6
102.6 330 1 -22.3
102.6 345 1 -22.5
102.4 360 1 -22.9
102.4 375 1 -23.2
102.6 390 1 -23.5
102.6 405 1 -23.5
102.4 420 1 -23.5
102.6 435 1 -23.5

In the Table 2 is presented the variation of the experimental mass values in function of time for the CP5
composite material for temperature of 20°C and different moisture values and in the table 3 are presented the
mass value in function of time at the temperature of 40°C and different moisture values (20%H, 40%H, 60%H,
80%H). In the figure 2 is shown the curve of variation between the mass values and time for the temperature of
20°C and different wettability coefficients (20%H, 40%H, 60%H, 80% H) and in the figure 3 it is represented
the variation curve in the same conditions, but for the temperature of 40°C.

Mass [g] C.P.3-1 composite material
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Figure 2. Curve of variation between the mass values and time for the temperature of 20°C and different
moisture levels (20%H, 40%H, 60%H, 80% H).
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Figure 3. Curve of variation between the mass values and time for the temperature of 40°C and different
moisture levels (20%H, 40%H, 60%H, 80%H)

Table 2. Mass variation in time for CP5 composite material at different moisture coefficients (20%H,40%H,
60%H, 80%H) and the temperature of 20°C

Temperature Time Humidity Mass
[oC] [min] [H] [a]
19.8 0 20 3233
19.8 15 20 322.6
19.9 30 20 322
19.9 45 20 3214
19.9 60 20 321
19.8 75 20 320.5
20 90 20 319.9
19.9 105 20 319.7
19.9 120 20 3194
20.1 135 20 319
20.1 150 20 318.8
20 165 20 318.6
20 180 20 318.6
20 195 40 318.8
19.9 210 40 319
19.9 225 40 319.2
19.8 240 40 319.3
19.8 255 40 3195
20 270 40 319.7
20 285 40 319.9
20 300 40 320.1
20 315 40 320.1
19.9 330 40 320.3
20.1 345 60 320.4
20.1 360 60 320.5
20 375 60 320.7
20 390 60 320.9
20 405 60 321
20.1 420 60 321
20.1 435 80 3211
20.1 450 80 321.2
19.9 465 80 321.2
19.9 480 80 3213
19.9 495 80 3215
20 510 80 3215
20 525 80 321.7
20 540 80 321.7
20 555 80 321.7
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Table 3. Mass variation in time for CP5 composite material at different moisture coefficients (20%H, 40%H,
60%H, 80%H) and the temperature of 40°C

Temperature Time Humidity Mass
[°C] [min] [H] [q]
39.8 0 20 301.8
39.7 15 20 302.6
39.9 30 20 304.2
39.8 45 20 306.2
39.9 60 20 309.8
40 75 20 311.8
39.8 90 20 312.3
39.7 105 20 314
40 120 20 315.7
39.9 135 20 316.8
39.8 150 20 317.2
40 165 20 317.6
39.9 180 20 318.2
40 195 20 318.2
40 210 40 318.3
40.1 225 40 318.8
39.8 240 40 319.2
39.9 255 40 319.4
39.9 270 40 319.3
40 285 60 319.3
40.1 300 60 3195
40.1 315 60 319.6
39.9 330 60 319.8
39.9 345 60 320
40 360 60 320.1
40.1 375 60 320.1
40 390 80 320.2
40 405 80 320.4
40 420 80 320.6
40.1 435 80 320.7
40.1 450 80 320.8
40 465 80 321
40 480 80 321
40.1 495 80 321
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Figure.4. Curve of variation between the mass values and time for the temperature of 60°C and different
moisture levels (20%H, 40%H, 60%H, 80% H).
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Figure 5. Curve of variation between the mass values and time for the temperature of 80°C and different
moisture levels (20%H, 40%H, 60%H, 80%H)

Table 4. Mass variation in time for CP5 composite material at different moisture coefficients (20%H,40%H,
60%H, 80%H) and the temperature of 600C

Temperature  Time Humidity  Mass
[°C] [min] [H] [a]
59.8 0 20 3235
60 15 20 322.8
59.9 30 20 320.8
59.9 45 20 319.5
59.8 60 20 318.6
59.8 75 20 317.2
59.9 90 20 316.5
59.9 105 20 315.2
59.9 120 20 315
60.1 135 20 314.5
60 150 20 313.8
60.1 165 20 3135
59.9 180 20 312.6
59.8 195 20 312.6
59.9 210 40 313.1
60 225 40 313.3
60 240 40 313.8
59.8 255 40 314
60 270 40 314.3
59.9 285 40 314.6
60 300 40 315
60.1 315 40 315
59.9 330 60 315.2
60 345 60 315.3
60 360 60 3154
59.8 375 60 3155
59.8 390 60 315.6
59.9 405 60 315.6
60.1 420 60 315.8
60.1 435 80 316.2
60.1 450 80 317
59.9 465 80 3175
59.9 480 80 318
60 495 80 318.6
59.8 510 80 318.8
60 525 80 319
60 540 80 319.2
60 555 80 319.2
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Table 5. Mass variation in time for CP5 composite material at different moisture coefficients (20%H, 40%H,
60%H, 80%H) and the temperature of 80°C

Temperature  Time Humidity Mass
[°C] [min] [H] [9]
79.7 0 20 3194
79.7 15 20 318.4
79.6 30 20 317.2
79.6 45 20 315.8
79.6 60 20 313.8
79.7 75 20 312
79.7 90 20 310.2
79.6 105 20 309.8
79.8 120 20 309
79.8 135 20 308.8
79.7 150 20 308.5
79.7 165 20 307.4
79.8 180 20 307.2
79.8 195 20 307.2
79.7 210 40 307.5
79.8 225 40 307.7
79.8 240 40 308
79.8 255 40 308.5
79.6 270 40 308.7
79.7 285 40 309.6
79.7 300 40 310.2
79.8 315 40 311
79.8 330 40 3114
79.8 345 40 311.4
79.9 360 60 311.4
79.9 375 60 3115
79.9 390 60 311.7
79.8 405 60 311.8
79.8 420 60 311.9
79.7 435 80 311.9
79.7 450 80 312
79.9 465 80 312
79.8 480 80 312.2
79.9 495 80 312.5
79.7 510 80 313.3
79.8 525 80 3145
79.8 540 80 315.2
79.8 555 80 315.6
79.8 570 80 315.6
79.7 585 80 315.6
Mmss [g] CP.5-1 composite matedal o r——
36 e A1 m i
14 et
3z =2
a0 T. ",_,......-- .
ns W ’
G . '._ 4 -
Vid L] ""--“.' =
L1 ] . o
Mo . M 2
308 - -
o -
a 1000 200 00 4040 R0 G0 00
Time |min]

Figure 6. Curves of the variation of the mass during the time in function of different temperatures
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Figure 7. SEM analyses plywood CP5 composite

In the Table 4 is establish the variation of the mass values during on time for the CP5 composite material for
temperature of 60°C and different moisture values and in the table 5 is shown the mass value variation in
function of time at the temperature of 80°C using different moisture values (20%H, 40%H, 60%H, 80%H). In
the figure 4 is presented the curve of variation between the mass values and time for the temperature of 60°C
and different wettability coefficients (20%H, 40%H, 60%H, 80% H) and in the figure 5 it is shown the variation
curve in the same conditions, for the temperature of 80°C. In the figure 6 can remarck the different curves that
show the variation of the mass during the time for the CP5 composite material. In figure 7 is presented the
microscopic structure of CP5 composite material.

Conclusion

Due to the urge of developing environmentally friendly materials, researches in new dimensions evolved .This
new dimension focuses on developing eco friendly material with good mechanical strength. The CP5 composite
materials presents a higher moisture resistance in comparisons with different other composites. At the humidity
value of 20%H, can remarck a drying process for the composite materials, if it increases the humidity values,
can remarck an increase of mass values proportional with the humidity percents, because of the water absorption
in the composite materials, although the temperature rises. Its superior properties will certainly help Composite
engineers, researchers, manufacturers in developing environment friendly materials for a better tomorrow in
future and could substitue the synthetic plastic and non degradable plastic.
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Smart Cities: Using GIS Technology in Urban Infrastructure Development
at Migration Areas
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Abstract: Technology played a vital role in urban planning and urban infrastructure development. The
Geographic Information System (GIS) can help in creating smart cities by analyzing the required issues and
present them for local communities. It can improve utilization of existing infrastructure capacity thus
improving quality of life, it can also provide a guidance about mobility and the best use for available services.
Smart cities promise that with increasing connectedness, services and quality of life can be improved. The
intent of smart cities is to make urbanization more inclusive, bringing together public and private sectors,
connecting urban centers with periphery, delivering services for all users alike, and integrating the migrants
and poor into their community. This research aim at highlighting the advantages of using GIS technology in
urban infrastructure development at Migration Areas in Amman the capital of Jordan that welcomes waves of
immigration during the last decades which affect its infrastructure, basic services, and socio-economic
situation. It focuses on one of the neighborhood and discover the challenges and opportunities based on the
infrastructure development analyses using the GIS. The findings of this research confirm the essential need for
smart cities with more inclusive plan to help in decreasing the vulnerability of both refugees and host
communities thus enhance the social sustainability.

Keywords: Smart Cities, Urban Infrastructure, GIS, Migration Areas, Amman

Introduction

Smart city is the city of tomorrow. It tries to identify a smarter option to maximize the individuals satisfaction
and accelerate urban socio-cultural and economic development (Cathelat, 2019). The smart city information
system is built on four principles: Planning and engineering, data-driven performance, operational efficiency,
and civic inclusion. However, According to Cathelat (2019:41) “the current reality of smart cities is that there
aren’t any. At the end of the day, most so-called smart cities are just cities with a few or several standout smart
projects”. Still, there are many initiatives in Jordan for a Smart city that are initiated to achieve one or more of
the following objectives:

1. Efficiency of Services: Make the best effective use of public resources, and provide a high level
of citizen service.

2. Sustainability: Develop the city with considering the environmental, economic and social
impacts.

3. Mobility: Make it easy for all users to move in the city, whether by foot, bike, car, public
transport.

4. Safety and Security: Improve public safety and security in every-day life, as well as being best
possibly prepared for emergencies and disasters.

5. Economic Growth: Attract businesses, investors, citizens and visitors.

6. City Reputation: Constantly improve the city’s image and reputation.
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These objectives can be achieved by using various types of technology such as GIS, online forums, online
survey, and digital media throughout the decision-making process, these tools connect cities at the national and
international levels and foster knowledge exchange among various parties, it also increases the public
awareness among stakeholders for the importance of good data management and urban observatory platforms
for future.

Since its development in the 1970s, the GIS is used in planning and developing the urban infrastructure, it
becomes easier to analyze the collected data and bring many proposals to the ground (Banerjee, 2020). Today,
a growing number of cities rely on GIS to model the real world at every stage of planning and development of
a Smart City as it can incorporate a huge number of variables. There are various applications of GIS that help
in developing the urban infrastructure in a smart way by analyzing the required issues and present them for
individuals (Consortium, 2019). It can improve utilization of existing infrastructure thus improving quality of
life, it can also provide the best practices for various types of mobility. In urban infrastructure projects the GIS
is used based on a number of steps (Consortium, 2019):

1. Creation of the Urban Digital Model that illustrates the components of the urban built and natural
environments.

2. Creation of the Sensing Layer that comprises sensors used for monitoring urban networks and
infrastructures.

3. Analysis of Data by converting real-time and historical data into operational data that improves
the security, efficiency and quality of urban systems.

4. Interactive Visualization of urban components and sensors maps. Users can utilize these maps to
access static and dynamic data concerning urban systems.

5. The Control Layer that allows real-time visualization of these devices as well as their status. It
could also visualize errors in device command.

Accordingly, this paper provide context on the national refugee situation in Jordan. Then, it highlights how
Jordan can transform the migration challenges into spatial and urban infrastructure investment and create smart
communities by using the GIS technology throughout planning stages. the GIS technology is used in studying
the current condition of urban infrastructure at one of the migrants' areas in Amman, called the Al Hashmi Al
Janoubi neighborhood, to help in developing this area in a smart way. Finally, this paper summarizes the urban
challenges and opportunities that can be addressed through future development strategies.

Method

The research methodology consists of data collection, literature revision, and field observation. Stakeholders
were asked to identify existing challenges in current infrastructure. These were categorized under the four
main topics: Natural Environment, Urban Environment, Infrastructure Projects, and Refugee Integration.
Moreover, Geographic Information System (GIS) is used to undertake the spatial analysis throughout the
proposed plans, and assess the accessibility to public facilities.

National Context: Refugees in Jordan

Since its independence in 1946, Jordan has been a safe paradise to approximately 4 million refugees including
Circassian, Palestinians, Iragis, Syrians, and Yemeni, and others. Today, Jordan is hosting 89 refugees per
1,000 inhabitants (UNHCR, 2018). These refugees have become an important part of the country’s population
and social fabric. The extraordinary numbers of refugees from surrounding countries have significantly
affected Jordan throughout its history, and played a vital role in shaping the country’s politics, economy,
community, and urban characteristics (Zalloom, 2020).

Figure (1) illustrates the refugee population density based on the nationality, indicating the highest refugee

presence for Palestinians, Syrians, and Iraqis at the Amman city (UN-Habitat, 2022). This analysis supported
the selection of the neighborhood that has been affected by the refugee influx.

65


https://jordan.un.org/sites/default/files/2022-04/220411-final_amman_profile_0.pdf

International Conference on Basic Sciences, Engineering and Technology (ICBASET), August 25-28, 2022, Istanbul/Turkey

PALESTINIAN
REFUGEES PER KM . IRAQI REFUGEES
R KM?2
0-200 DR PER KN
200 - 500 (. E. 0-200
_Jmi500 - 1,000 200 - 500
B 000 - 2000 500 - 1,000
_ Bm2,000-5000 ‘ U 1,000 - 2000
- 5,000 - 9,000 598.2,000- 5,000 |

0-200

200 - 500

500 - 1,000

1,000 - 2000 .
1.2,000-5,000

s )

Figure 1. Refugee population density in Amman city (Source: UN-Habitat 2022)

After ten years of the Syrian Crisis and their immigration to Jordan, it becomes clear that the infrastructure,
basic services, and economies of Jordanian cities are affected. The need for a more inclusive plan that help in
decreasing the vulnerability of both refugees and host communities and provide longer-term sustainable
solutions is appeared (Government of Jordan, 2020). Accordingly, national and international efforts are made
to cope with this urban transformation, and to improve access to services and socioeconomic opportunities for
displaced and host communities.

Applying GIS Technology in a Migrants’ Area in Amman

Since 2011, municipal services in Amman, the capital of Jordan, have been significantly affected by the Syrian
refugee crises. The waves of refugees from camps to urban areas has a major impact on the capacity of
infrastructure and public facilities, such as education, health, public space, transportation, and natural resources
(United Nations Jordan, 2021). The rapid displacement of populations to urban settings had major spatial,
economic, environmental, and social impacts, which maximize the challenges that facing Amman Municipality
such as, the lack of access to acceptable basic service infrastructure, the lack of affordable housing. These
challenges affecting the refugees as well as the host communities. The urban sprawl and inefficient urban
planning have led to the insufficient distribution and access to services and infrastructure which may cause
critical issues. This negatively impacts their economic and social sustainability, thus, has resulted in the
inefficient use of valuable resource and has left communities facing increased long-term problems, a lack of
self-reliance, and insufficient access to urban services. Therefore, studying and analyzing the areas where
migrants come and live is very essential.

The collection of accurate data helps in planning and decision-making process, thus, allows for achieving
sustainable urban development. Developing and implementing efficient and reliable plans requires accurate,
comprehensive, and up-to-date data to understand the urban needs of the population. However, inaccurate data
lead to spatial inequalities in service supplying, housing, education, and public space development.
Unfortunately, the available data at municipalities only considers local citizens, rather than all inhabitants,
including the refugees, this may result in inadequate resource provisioning and inequitable services’
distribution.

Using the modern technology such as GIS helps in filling these gaps when collecting and analyzing data, and

help in creating guidance for the current and future planning of the city, which should be aligned to the
Sustainable Development Strategy. It is an analytic tool that spatially integrates and analyzes urban indicators
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and attributes at the city levels by creating multi layers (Banerjee 2020, Zalloom 2020). Furthermore, applying
the Sustainable Development Goals (SDGs) is essential as it helps in supporting the selected neighborhood to
become more inclusive, safe, resilient, and sustainable. Urban planning strategies that built on infrastructure
investments aim to benefit migrant communities, enhance the quality of their life, and create better
opportunities for economic investment (UN-Habitat, 2022). In this manner, public can participate in decision
making process and they involve in all planning stages from the beginning.

Accordingly, a spatial plan is developed for Al Hashmi Al Janoubi neighborhood in Amman. The area of study
is one of the most affected areas with influx of refugees, it has an area of 0.43 km2, a total population of
14,100 inhabitants, therefore, a population density is 32,118.4 person/ km2 (UN-Habitat, 2022). Figure (2)
shows the land use of the compacted neighborhood, the satellite image was combined with the available data
by using the GIS technology. The created figure shows the residential land use within the neighborhood that
mainly comprises of types C, type D, and the unplanned zones while the area has no assigned commercial land
uses within its boundaries, instead, small commercial shops that are usually on the ground floor of mixed-use
buildings are used to serve residents.

The residential types “C” and “D” according to the “Law of Planning of Cities, Villages, and Buildings,
No.79” can have up to four floors, with minimum setbacks of 2.5 meters at “D” type and 3 meters at “C”type.
This distance allow people to contact daily, thus, have a strong relationship that enhance the social
sustainability of the area. Furthermore, the project is underpinned site visits to visually assess the current
situation and to interact with the residents in the neighborhood, the field observation for the neighborhood
found housing in good condition and structure, but still the existing public infrastructure, the walkways, and
street furniture are not acceptable and need maintenance.
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Figure 2. Satellite image shows the compacted neighborhood

Al Hashmi Al Janoubi neighborhood is further analyzed by the GIS program based on its context, refugee
presence, access to transportation, access to basic services, and access to public facilities. It was used to
undertake the spatial analysis throughout the proposed plans, and assess the accessibility to public facilities
within a walkable distance of 15 to 30-minute. The site analysis shows that there are three schools for male and
females, four mosques, one public park, and one public health center (Figure 3). The accessibility to these
services is very high. Moreover, the street network analysis shows that all services located within a walkable
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distance, 40.9% of the population have access to these services within a 5-minute walking distance and 100%
within a 15-minute (Figure 4). The preparation of urban planning analyses for the selected area will help in
proposing various planning scenarios and arranging priorities that improve living conditions thus enhancing
the quality of life; these priorities can be identified, discussed, and converted to actions. It gives a
comprehensive spatial understanding of the existing situation as a basis for decision-making. This provides a
unique opportunity for stakeholders with different mandates to work together to connect short-term plans with
long-term strategies and investments, enabling the development of more inclusive communities.
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Figure 3. Land use map
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Figure 4. Access to public services
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Findings: Challenges and Opportunities

The spatial planning of Amman has revealed various strategic challenges accompanied with the waves of
migrations at various levels. At the national level, the major challenge identified is unequal urbanization,
whereby weak urban planning practices and influxes of refugees have led to inadequate distribution and access
to basic services and public facilities. Accordingly, this rapid urban growth has resulted in urban sprawl that
increased the demand on services, thus maximize the pressure on Greater Amman Municipality, who have
limited resources to fulfill this gap. This has impacted the quality-of-service, as well as the quality of life for
locals and immigrants. Moreover, the lack of affordable adequate housing has become a critical issue due to
the inflated prices of land, construction, and energy. Furthermore, inadequate transportation has resulted in
major environmental, economic, and social challenges, as public transportation is slow, costly, and time
consuming, thus, mainly used by the refugees and locals with low incomes. Refugees and host communities
are currently facing outstanding challenges caused by the COVID-19 pandemic, which has resulted in
increasing unemployment rates. The Municipality has limited capacity to support local economic development,
while also facing constraints to finance service delivery.

At the neighborhood level, it was discovered that Al Hashmi Al Janoubi neighborhood in Amman lack access
to health care facilities as it has only one public health center, although it is located within a walkable distance
but still not enough to fulfill the residents’ and migrants’ needs. The neighborhood also has some challenges
concerning road maintenance, whereby there is a need for speed bumps, pedestrian crossings, pedestrian
bridges on the main roads, safe walkways, street-lighting and furniture.

The neighborhood has no assigned commercial land uses within its boundaries, instead, small commercial
shops that are usually on the ground floor of mixed-use buildings are used to serve residents. It is clear that the
outdated “Law of Planning of Cities, Villages, and Buildings, No.79”, which was established in 1966 affected
the land use, the facility distribution, as well as the urban fabric. Furthermore, the area lack of children
facilities and it is not designed for people with disabilities, besides the lack of maintenance and rehabilitation
of the existing public recreational facilities, and a lack of green elements and spaces. There are also some
concerns about the safety of the park at nights as it becomes a men domain and cannot be used by women and
children.

Although these challenges specifically affect the achievement of the SDGs goals, but still, there is a significant
opportunity to address the challenges associated with migration. At the national level, the Syrian refugee crisis
can be transformed into a development opportunity that attracts new investments and boosts the local
economy. Amman has a high proportion of youth where more than half of the population are under 25 years
old (The Department of Statistics, 2020). This means that there is a growing labor force, less demand on health
facilities, and reduced dependency rates. Moreover, the COVID-19 pandemic and restrictions raised awareness
on the importance of spatial planning, the availability of green open space, of investing the vacant lands for
green open spaces, urban agriculture to reduce unemployment, mitigate climate change impact, enhance the
residents’ socio-economic conditions, and achieve food security. Likewise, developing adequate mobility
options will give the opportunity of minimizing the environmental impact and increasing the residents’
socioeconomic conditions and access to job opportunities. The strategic location of Amman, and the
enhancement of affordable and accessible public transport is an important opportunity that can enhance the
socioeconomic opportunities. As there are several planned infrastructure projects and investments that will
help in promoting sustainability and improving the delivery of services.

At the neighborhood level, the study confirms that there is an opportunity to improve access to healthcare
through constructing a comprehensive health centre and upgrading the existing primary health centre within the
neighborhood. The mobility of residents could be enhanced through restoring the road infrastructure, adding
various means of street furniture such as lighting poles, waste containers and benches, extending a public
transport route into the neighborhoods, as well as adding pedestrian bridges. There are also opportunities to
encourage diversity in commercial facilities by establishing community centre training centre, and by improving
the public spaces, which can host various social activities, bazaars, cafes and restaurants, thus boost the
livability of the public areas.

Conclusion

Technology played a fundamental role in urban infrastructure development. The Geographic Information
System (GIS) is used to provide a better understanding of the urban context at different levels, it helps in
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creating smart cities by analyzing the collected data and transform them into maps. The analyses outcomes are
then presented for local communities and stakeholders. This research aim at highlighting the advantages of
Using GIS Technology in urban infrastructure development at Migration Areas in Amman the capital of
Jordan.

The waves of emigration have played a vital role in shaping the country’s politics, economy, and urban
characteristics. A specific neighborhood in Amman is selected as an example to understand the impacts of
these migrations based on the infrastructure development analyses using the GIS. The findings of this research
confirm the essential need for smart cities with more inclusive plan to help in decreasing the vulnerability of
both refugees and host communities thus enhance the social sustainability.

Recommendations

It is recomended that the findings of this research considered as a foundation for decision- making when
developing the urban infrastructure at the migration areas. The challenges and opportunities identified in this
spatial planning for the selected neighborhood can be entry points for future national and international
strategies.
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The Preparation of Montmorillonite/Carrageenan-Composite Hydrogel for
Chromium (VI) Removal from Aqueous Solution
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Abstract: In this study, Montmorillonite/Carrageenan (MMT/CG)-composite hydrogel was synthesized for
removal of Chromium (V1) from aqueous solution. The chemical structure, morphological property and thermal
decomposition of (MMT/CG)-composite hydrogel has been evaluated by Fourier Transform Infrared
Spectroscopy (FTIR), Scanning Electron Microscope Spectroscopy (SEM) and thermogravimetric analysis
(TGA), respectively. The X-ray data of (MMT/CG)-composite hydrogel was researched crystallite properties.
The results of (MMT/CG)-composite hydrogel CG, and MMT powders had compared each other to research the
efficiency of MMT. The efficiency of adsorption parameters (contact time, initial feed concentration, and pH)
on Chromium (V1) ion adsorbing capacity of (MMT/CG)-composite hydrogel was also investigated by UV-vis
diffusive reflectance spectra. The adsorption capacity enhanced with the adding of MMT in hydrogel. The
adsorption process was determined by the Langmuir isotherm model. According to the findings, the MMT/CG-
composite hydrogel can be utilized as a suitable adsorbent to removal of Chromium (V1) from aqueous solution.

Keywords: Montmorillonite, Carrageenan, Hydrogel, Adsorption, chromium (V1)

Introduction

Water pollution is increasing day by day following the rapid industrial improvement. Industrial wastes,
pesticides, detergents, agricultural fertilizers, dyestuffs, and heavy metals are major pollutions. Heavy metals
must be effectively removed from water sources due to their toxic and carcinogenic properties.

lon exchange, chemical precipitation, chemical oxidation/reduction, reverse osmosis, and ultrafiltration methods
are frequently used to remove heavy metal ions. However, these methods have low efficiency and high cost, and
they cause significant waste problem. Adsorption is another alternative method (Islam, Angove, & Morton,
2019). It is the accumulation of a substance on the surface of the second phase by passing from one phase to the
other, or the retention of adsorbent molecules dissolved in the liquid phase on a solid adsorbent surface or the
adhesion phenomenon that occurs at the phase interface because of the concentration change at the boundary
surface. It occurs between solid-liquid or solid-gas phases. It has advantages such as low cost, simplicity of
design, low energy requirement, high efficiency, ease of use, and reuse of adsorbents. The adsorption method
becomes more prominent when environmentally friendly, non-toxic, cheap, and safe adsorbents are used.
(Dakiky et al., 2002). In recent years, there has been a lot of research for alternative low-cost materials that are
effective and biodegradable, such as hydrogels, agricultural wastes, and clays.

Hydrogels are inexpensive polymeric materials which include hydrophilic groups (such as -COOH, -SO3H, -
OH, -NH,, -CONH, -CONH,, etc.). They can easily swell in water due to their hydrophilic groups. They are
extremely used in heavy metal removal systems because of their high-water holding capacity, biocompatibility,
and biodegradability (Ahmed, 2015). Several natural polymers such as gelatin, carboxymethyl cellulose, pectin,
chitosan, alginate, carrageenan etc. are utilized for formation of hydrogels.
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Carrageenan is obtained from Rhodophyceae class seaweed by some extraction methods from red algae species.
It is a linear polysaccharide produced from the most common red algae Chondrus Crispus and Gigartina
Mamillosa. It consists of large and highly elastic molecules in a coiled helical structure. Its flexible structures
enable to generate gel forms at room temperature. (Sharma et al., 2022). Thanks to these properties, it is used as
a thickener and stabilizer in the food industry and other industrial fields.

Clays are good adsorbent for heavy metal ions, polymer nanocomposites, catalyst, photochemical reactions, and
biosensors. They have high chemical and mechanical stabilities and several surface and structure properties.
Montmorillonite (MMT) is the commonly preferred clay for industrial utilization. MMT is an alteration forming
of volcanic tuff and ash, product of bentonite beds, and of wall rock and pegmatite dikes bordering
hydrothermal mineral deposits. It is non-toxic and low-cost, but its adsorption capability is limited by its poor
water permeability. To overcome this limitation, MMT can be blended with other materials such as CMC, PVA,
PMMA etc. to generate composite hydrogels (lanchis et al., 2020; Kasgoz, & Durmus, 2008). These composites
have high water permeability, and they are used as adsorbents for heavy metal removal. However, the use of
MMT/Carrageenan-composite hydrogels as adsorbent for heavy metal removal has not been studied. In this
research, MMT/Carrageenan-composite hydrogels were prepared for Cr(VI) ions removal. The adsorption
capacity of Cr(VI) ions by changing the MMT/CG mass ratio, pH of Cr(VI) solution, initial Cr(VI)
concentration and contact time were investigated. To describe the adsorption character, adsorption isotherm
model was examined.

Materials and Methods

Sodium-MMT with a zeta potential of -39.3 mV and a cationic exchange capacity of 71 mequiv/100 g was
purchased from Southern Clay (USA) was supplied by Ciba Specialty Chemicals (Thailand). CG and
Glutaraldehyde were supplied by Sigma Aldrich.

Preparation of MMT/Carrageenan-Composite Hydrogels

The MMT/CG suspensions were prepared by adding MMT (0.1, 0.2 and 0.3 w/v) to the 1% (w/v) CG solution
under vigorous dispersion for 1 hr. 100 ml of MMT/CG suspension was added dropwise to 0.2% (w/v)
glutaraldehyde solution using a peristaltic pump for the MMT/CG ratios of 0.1:1, 0.2:1 and 0.3:1 respectively.
After the stirring for 1 h, the solidified MMT/CG-composite hydrogels were obtained, they washed with
distilled water several times and then dried at 60°C for 24 h.

Characterization of MMT/CG Hydrogels

The MMT, Carrageenan and MMT/Carrageenan composite hydrogels were performed by Fourier transform
infrared (FTIR) spectrophotometry (FT-IR Shimadzu IR-Prestige 2) using KBr. The measurement was scanned
between 400 and 4000 cm™. The crystallinity of the samples was performed by wide-angle X-ray diffraction
(XRD:; Diffractometer Bruker D8 Advance). The X-ray diffractometer was done at 40 kV and 50 mA, with Cu-
Ka radiation source (A=1.54060 A). The morphology of the composite hydrogels was visualized by scanning
electron microscopy (SEM; model Quanta 250, FEI). Thermal analysis of the composite hydrogels were
determined by thermogravimetric analysis (TGA; TG/DTA 7300 Hitachi) under nitrogen gas flow from 30°C to
800°C at a heating rate of 10°C/min.

Adsorption Studies

The influence of contact time, pH, and initial concentration of Cr(VI) solution on adsorption was investigated.
The adsorption was performed on a shaker (120 rpm) at 25°C using 0.2 g MMT/CG composite hydrogels
(MMT/CG mass ratio 0.1:1.0 and 0.3:1.0), and 50 mL of Cr (V1) solution (80 mg/L) in a 125-mL conical flask.
The Cr(VI) solution was collected at certain time intervals and the residual Cr(VI) concentration was measured
using a UV-vis spectrophotometer (Shimadzu-18A UV-Visible spectrophotometer) at 540 nm (Alemayehu,
Singh, & Tessema, 2012).

The amount of adsorbed Cr(VI) concentration at time t was determined from Equation 1:
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Qt is amount of adsorbed Cr(VI) per amount of hydrogel at time t (mg/g), Co is initial Cr(VI) concentration

(mg/L), C; is Cr(VI) concentration at time t (mg/L), W is weight of dried composite hydrogels (g) and V is
volume of Cr(V1) solution (L).

The equilibrium adsorption capacity (Qe) of the composite hydrogels was determined from Equation 2:

_ (Co—Ce)V

Qo= @)

where C, and C. are initial concentration and equilibrium concentration of Cr(VI) in solution (mg/L)
respectively, V is volume of Cr(VI) solution (L) and W is weight of dried composite hydrogels (g).

Results and Discussion

FTIR

The FTIR spectra of the MMT powder, CG powder and MMT/CG hydrogel (with MMT/CG mass ratio of 0.3:1
as representative sample) are given in Figure 1. The characteristic peaks of CG at 1291 cm™ (the 0 =S =0
stretching vibration of C-4 position of galactose), 929 cm™ (C-O-C vibration mode of the 3,6-anhydro-D-
galactose residue) and 844 cm™ (the —O-SO; stretching vibration of C-4 position of galactose) are occurred in
the MMT/CG composite hydrogel (Pereira et.al, 2003). The hydrogel and CG powder both had a broad
absorption peak at 3500-3000 cm™, representing the -OH stretching mode. The absorption at 2920 cm™* was
observed due to C-O groups and the interlayer C—H stretching. The absorption at 1500 cm™* was represented for
the —CH, stretching. The absorption at 1080 cm™ for glycosidic linkage, the absorption at 933 cm™ for C-O of
3,6-anhydro-D-galactose and the absorption at 850 cm™ for C-0-SO; of D-galactose-4-sulfate were obtained.
The functional groups of Al-O and Si-O of MMT in the MMT/CG-composite hydrogel were occurred between

400 and 600 cm™, which was absent in the CG powder. (Hayati-Ashtiani, 2011). This can be proved by the
formation of MMT/CG hydrogel.
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Figure 1. FTIR spectra of a) MMT powder, b) MMT/CG hydrogel, ¢) CG powder
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XRD

The XRD diffractograms of the MMT powder, CG powder, MMT/CG-composite hydrogel (with MMT/CG
mass ratio of 0.3:1 as representative sample) are shown in Figure 2. The sharp characteristic peak of MMT at
nearly 6.00°20 was observed, whereas this peak was not occurred in the diffractogram of CG powder and
MMT/CG hydrogel. This can be explained by the connection of CG molecules into the MMT layer.
Additionally, two peak were observed at 20-25°26 for MMT powder, whereas CG powder, MMT/CG-
composite hydrogel have a wider peak.
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Figure. 2. XRD diffractograms of a) MMT powder, b) MMT/CG, ¢) CG powder

SEM

SEM images of MMT/CMC-composite hydrogels with different mass ratios are given in Figure 3. It was clearly
seen that the surfaces of all hydrogels were rough. The most roughness was observed for MMT/CG (0.3:1)
hydrogel. Surface roughness increased with increasing amount of MMT. This can be explained by the fact that
the movement of the CG polymer chains may be interrupted by increasing the content of MMT, this causing the
roughness to increase.
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Figure 3. SEM images of the MMT/CG-composite hydrogel at MMT/CG mass ratios of (a) 0.1:1, (b) 0.2:1 and
(c)0.3:1

Thermal Analysis

The thermal properties of hydrogels were researched by TGA analysis. The TGA thermogram of the MMT/CG
hydrogel, compared with those of the CG and MMT powders and, is given in Figure 4. At 25°C to 800°C, the
weight loss (%) of the MMT/CG hydrogel was lower than that of CG powder, which demonstrated a good

thermal stability of the MMT/CG-composite hydrogel than that of the CG powder The results are compatible
with the literature (Rojsitthisak et.al, 2019).
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Figure 4. TGA thermogram of a) MMT powder, b) MMT/CG, ¢) CG powder

Adsorption Studies

The effects of contact time on the adsorption capacity (Q;) of MMT/CG-composite hydrogels (mass ratio of
MMT/CG 0.1:1 and 0.3:1) (initial concentration = 80 mg/L, without adjusted pH) were researched. While the
contact time increased, the uptake rate of Cr (V1) ions accelerated and then, it reached a constant value. Firstly,
the functional groups of the structure interact with metal ion easily. Thus, the adsorption became to increase.
Over time, the adsorption rate slowed down and reached equilibrium. The adsorption capacity values increased
gradually till 300 min and then the rate slowed down. The equilibrium adsorption value was found to be 71.4+
0.4 mg/g for MMT/CG hydrogel (0.1:1), while the equilibrium adsorption value was found to be 77.2 + 0.3
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mg/g for MMT/CG hydrogel (0.3:1). This difference can be explained by the increment of MMT made easier
the penetration of water containing metal ion into the structure and so, the adsorption rate increased (Yang et. al,
2018).
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Figure 5. Effect of contact time on Cr(VI) metal ions adsorption capacity of MMT/CG hydrogel (initial metal
ion concentration = 80 mg/L, without adjusted pH). Data are shown as mean + SD of 3 independent trials.

Table 1. Equilibrium swelling degree of MMT/CG hydrogel beads

Samples Swelling Degree (%) Time
MMT/CG (0.1:1.0) 65.4+0.2 600 min
MMT/CG (0.1:1.0) 72.4+0.6 600 min

Note: Data are shown as mean + SD of 3 independent trials

The effect of pH on the adsorption efficiency of MMT/CG hydrogel (0.1:1.0 and 0.3:1.0) is given in Figure 6.
Samples were put into 50 mL of Cr(VI) solutions (80 mg/l) of different pH values. Initially, the adsorption
increased speedily until pH 6. The maximum adsorption was obtained at pH 6 and then, it steadily decreased.
Similar findings were reported in literature.

According to literature, Cr(VI) have various oxoanionic forms in aqueous solution at different pH. At pH 1.0, it
is in the form of H,CrO,. Between pH 1-6, it is in the form of HCrO,, which dimerizes to Cr,0;* within the
release of water molecules into the medium. Above pH 6, Cr,0;* are reduced to form CrO,*". formed, the
electrostatic attraction increases thanks to this ionic form and the adsorption capacity also increases. Above pH
6, Cr (V1) is in the form of Cr,0,*. The positively charged adsorbent adsorbed Cr (V1) metal ions. After pH 6,
two diavelent negative ions (Cr,0,% and CrO,* ) exist in the medium. These ions alter the charge of the
composite hydrogel from positive to negative, thus the electrostatic interaction between adsorbent to metal ions
is decreased (Bhattacharyya & Sen Gupta, 2006; Khan et.al, 2017; Lei, Su, & Tian, 2018).

2H,CrO, €= 2H" + 2HCrO, pH=1
2HCrO, <« Cr,0; + H,0 pH 1-6

Cr,0; + H,0 €« 2Cr0,* + 2H*  pH>6
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Figure 6. The effect of pH on the adsorption of Cr(VI) ions (under the conditions initial Cr(VI) concentration of
80 mg/L, temperature 25°C in period of 600 min). Results shown are mean + standard deviation, n = 3.
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Figure 7. Effect of initial concentration on Cr (VI) metal ions adsorption capacity of MMT/CG hydrogel (pH =
7, contact time=600 min). Data are shown as mean * SD of 3 independent trials.

The adsorption capacity (Q) of MMT/CG-composite hydrogels (mass ratio of MMT/CG 0.1:1 and 0.3:1) were
investigated, the results are given in Figure 4. The adsorption capacity depends on initial concentration (Ci), in
other words, Qt changed directly with Ci (Maity, & Ray 2016). The amount of adsorbed metal ions enhanced
with increasing Ci value, so Q; was increased. Q; value of MMT/CG (0.3:1) changed from 26 to 106 mg/g, while
Q; value of MMT/CG (0.1:1) ranged from 22 to 100 mg/g. The highest Q; value was obtained for MMT/CG
(0.3:1).

An adsorption isotherm uses for the determination between the content of a metal ions adsorbed on adsorbent
and the amount of the dissolved metal ions in solution at equilibrium. Additionally, it can describe the
interaction between adsorbent and metal ions. Langmuir isotherm is commonly utilized to model the adsorption
of metal ions on polymeric absorbent (Yu et.al, 2017; Yan et. al, 2018; Vilela et.al, 2019). According to this
isotherm, adsorption takes place in certain homogeneous regions on the adsorbent, and no further adsorption
takes place in the place occupied by the adsorbate.
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Langmuir isotherm model was utilized for detecting the adsorption isotherm. The isotherm equation is given in
below:

1 1

QmaxXx b x Ce Omax

1/Qe = )

where Qe is the adsorption capacity of the adsorbent at equilibrium, Ce is the metal ion concentration at
equilibrium time, b is the Langmuir constant and Q. is the maximum monolayer adsorption capacity. The
correlation coefficient (R?) was calculated for two samples from the graph. R? was found to be 0.9980 and
0.9984 for MMT/CG (0.1:1.0) and MMT/CG (0.3:1.0), respectively. The correlation coefficient close to 1
represents monolayer adsorption of metal ions on the adsorbent.

0,06 -
] ¥=0,051x+0,0029
0,05 1 R%-0,9980
0,04 ]
= ] 7 y=0,0553x+ 0,0020
= 0,03 1 R2-0,9984
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1/Ce
Figure 8. Langmuir isotherm for adsorption of Cr (V1) ions (under the conditions pH=6, temperature 25°C in
period of 600 min).
Conclusions
Composite MMT/CG-hydrogels have the potential for being used as a polymeric adsorbent for the removal of

Cr(VI) metal ions from aqueous solution. The maximum adsorption capacity of MMT/CG at a mass ratio of
0.3:1. The adsorption process can be described by the Langmuir isotherm model.
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Duty Cycle Detection Method for High Speed Input-Output Systems
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Abstract: A clock coupled duty cycle detection method for high speed input-output is presented in this paper.
In High speed systems duty cycle (DC) of output signal needs to be calibrated at 50% for having acceptable
performance in the system. The proposed method introduces a synchronous signal in the output of system with
50% duty cycle with maximum 1 % error over process, voltage, and temperature (PVT). Proposed method also
compensate input referred offset of DC detector which helps to improve overall system performance. The duty
cycle detection method was implemented in 16nm technology with a power supply of 1.2V. With this type of
designed architecture, the circuit can provide up to 5Gbps frequency data signal. Experimental results show that
proposed architecture is reliable, and it can work operative in high frequency intervals. The presented circuit can
be implemented in special serial links of several standards such as Peripheral Component Interconnect (PCI),
Universal Serial Bus (USB) and Double Data Rate (DDR).

Keywords: Duty Cycle, detector, high speed, calibration, process-voltage-temperature (PVT)

Introduction

The speed of many systems increases year by year. One of them are DDR systems (Wang, 2015) (Figure 1).
Providing a good performance in them become more difficult. So, there arise problems with parameters, such us
DC distortion, offset, jitter etc.

|
Transmitter | Receiver

Channel I

Serializer
ZI1425a(]

A2z

Clock, data

PLL

,—- recovery

Figure 1. High speed system

Duty Cycle

DC is one of the most important parameters in high speed 1/0O circuit analyzes. If DC of circuit is not meet 50%
specification, then we can have functional error, which can impact on data loss (Sindhu, 2015). DC signal
basically measured (1) by pulse width (PW) and the period of signal components (Figure 2).
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Figure 2. DC main components

Duty Cycle Detection Importance

The DC correction circuit (Melikyan, 2015) main blocks are adjuster and detector (Figure 3). The adjuster
regulates a code for getting desired DC and send it to DC detector. The main function of detector is a correct
measure of the DC error (%), make a right decision to send it to output and end operation, or continue corrective
operation with sending signal to DC adjuster for requesting a new code.

DC detector
\ Bias point Output \

{ | |
DC adjuster Buffers >

/

L -

Figure 3. Block diagram of DC correction circuit

Comparator

As nowadays circuits are working in the high frequency regions (Chien, 2019). The transistors and junctions in
them get stressed while operating. So, for having acceptable performance in the system reliable architecture
must be designed for DC detector, which can satisfy DC correcting circuit requirements.

Proposed Method of Duty Cycle Detection

Architecture of Duty Cycle Detector

Gated clockSample

Clock signal Avg clk
% Clock RCLPF £
—I_I—l_l—l_l DC detector
, t
Clock emahle v RS l’.
/_\X trigger

lH Logic Reference

Clock sample Control voltage
offset
lefi, right

Figure 4. DC detector block diagram
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The macro contains (Figure 4),

o digital control logic.
e analog DC detector core, including a mux for two input clocks, two RC tanks, and a comparator

The DC detector has two different functional modes: offset calibration mode and mission mode. The comparator
offset is first calibrated in the offset calibration mode. Once it is done, the offset code is stored and used for the
mission mode. In power down mode the analog DC detector is not measuring the incoming clock signals. The
compactor is in the precharge mode with disabled offset legs. The two inverters are off and the two RC tank
outputs are weakly driven to VSS.

Offset calibration mode: The offset code is incremented one by one to check when the comparator output
toggles. The offset code is then stored and applied for the mission mode. It should be programmable between
min and max code. The offset code either generated by the state-machine or can be overwritten by users. Also
sweeping can’t be wrapped around. It will be stopped at min or max value. Control and status register (CSR)
default for the offset should be equivalent to no offset in the comparator.

The offset receive 5-bit binary code, MSB is the signed bit (1 is negative). Default and reset value is: 5’b00000
(this is the state of no offset). Min value is -15(5b’11111) and the max value +15(5b’01111). Mission mode:
clk_sel chooses between the two input clocks. The average of the input clock signal is compared against the
voltage divider output that is ideally at VDD/2. The comparator is either 1 or O depending on the relative
relationship between the average clock and the reference voltage.

Operation Principle

The DC detecing algorithm is shown in block diagram (Figure 5). The Phase Locked Loop (PLL) provides the
clock signal. Which pass trough RC filter, where clock signal become fixed in almost half of VDD level
(~VvDD/2). Logic cantrol block also is in level choosing mode, which will be fixed in the appropriate RC filter
and value of signal becomes ~VDD/2. After both signals have been fixed in ~\VDD/2 level they pass into key,
which corrects offset code when ciruict works in offset mode.

PLL [ Choosing code ]

RC filter | VDD/2 |

<.

‘ DCA \ I
[ Comparing integrated ]
code with clock signal

()

|
[ Fixing code ]
|
[ Finish the calibration ]
Figure 5. DC detector block diagram

In case of the mission mode the signal from PLL and choosed code get compared with each other to get
information about signals level difference (error of DC detector), which must meet DC min/max error value
specification. In the case when DC error is out of advisable specification of DC detector, finite state machine
(FSM) enters the signal to DC adjuster block where the code will be changed and sent back to PLL block. FSM
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passes the code and calibrates it until finding the best output signal. After getting acceptable performance FSM
fixes code and finishes calibration.

Results and Discussion

Simulations have been performed using circuit level simulator Hspice for 20 PVT corners (Hspice, 2010),
including SS (slow-slow), TT (typical-typical), FF (fast-fast), SF (slow-fast), FS (fast-slow) with supply voltage
and temperature variations to evaluate DC detection and offset correction of system, for 5Gbps frequency.

After starting operation circuit enters phase of settling. In the moment when settling time was ended, clock
signal and chosen code get the appropriate voltage levels, the DC detection phase starts. In the end of operation
comparator detects the DC (%) with the error percentage. In Figure 6 are shown DC detection results for FF
corner, which is the worst corner in this case (Cosmosscope, 2018).

Reference .s‘rg:‘r(.'_f' b
Average clock signal =4 MmV
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|
|
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|
|
|
e sl )
| Settling phase | DC detecting phase |
Figure 6. DC detected error in ff corner

In table 1 shown results of TT, FF and SS corners for DC and DC error min/max value.

Table 1. Simulation results for TT, FF, SS corners
Max difference  DC detection

Variables on gate (mV) max error (%) DC (%)
TT 0.73 0.09 50.01
FF 4.24 0.54 50.61
SS 1 0.12 49.24

Conclusion

DC detection method designed for detecting error of DC in special high speed input-output systems. DC
detection circuit used in method assist to maximum error and provide signals only with minimum DC error. The
error maximum variation is 50%+1%. The architecture also corrects the offset of circuit with special offset
mode implementing.

In high speed systems for 28nm and below processes it is hard to provide good performance without DC
detection. So, this type of detection method is very important in special input-output circuits, due to huge PVT

variations, which can have impact on the performance of the system. The approached method can be
implemented for special input-output protocols of several standards such as DDR, USB, PCI.
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Exploring the Risky Areas Due to Landslide Using Decision Tree Analysis:
Case Study Tasmania, Australia

Mahyat SHAFAPOURTEHRANY
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Abstract: Landslide is one of the natural hazards that considers a serious threat to both humans’ lives and
properties. Tasmania, Australia is one of those regions where landslides caused considerable damage to people
and the State. Landslide damages can be reduced, even stopped, if proper land condition and planning
assessment has been done. The main influencing parameters in landslide occurrences are topography,
precipitation, and geological formation. Those parameters along with other influencing parameters have been
used in landslide susceptibility mapping. In order to have a reliable analysis, a robust method of Decision Tree
(DT) has been used to perform susceptibility mapping. According to the hierarchy structure of DT, geology and
slope have been selected as the most influential parameters in landslide susceptibility. In order to evaluate the
reliability of the outcomes, Area Under the Curve (AUC) has been utilized. Success and prediction rates were
87.64% and 84% respectively. Subsequently, risky features such as buildings, schools, hotels, etc. have been
used in overlay analysis in a GIS environment with “very high” and “high” susceptibility classes. The outcome
of this research can assist planning parties to secure vulnerable regions and consider those areas in their future
decision-making strategies.

Keywords: Landslide, Decision Tree (DT), Vulnerability, GIS, Tasmania

Introduction

Natural hazards are a great threat to both lives and properties worldwide (Jia et al., 2021). These include
flooding, wildfire, earthquake, landslides, etc. Among natural disasters, landslides can cause serious losses
directly or indirectly to the society and economy (Del Soldato et al., 2017). They are related to the
characteristics of the slope of the terrain (Sim et al., 2022). One way to minimize the damage of landslides is to
recognize the susceptible regions that are most likely to occur (Park et al., 2018). In the natural hazard scope, a
susceptibility map recognizes regions that are more or less disposed to a potential landslide occurrence using
low to high possibility values/classes (Ballabio & Sterlacchini, 2012). Susceptibility assessment has been
implemented by several researchers to prevent or reduce actual damage from natural hazards. Until now, various
methodological approaches including qualitative and quantitative methods have been applied for landslide
susceptibility mapping (Reichenbach et al., 2018).

There is a variety of methods available in the literature to identify landslide susceptible areas such as frequency
ratio (FR) (Lee & Sambath, 2006), logistic regression (LR) (Lee, 2005), index of entropy (IoE) (Pourghasemi,
Mohammady, et al., 2012), the weight of evidence (WoE) (Lee & Choi, 2004), evidential belief function (EBF)
(Althuwaynee et al., 2012), statistical index (Regmi et al., 2014), analytical hierarchy process (AHP) (Kumar &
Anbalagan, 2016), fuzzy logic (Pourghasemi, Pradhan, et al., 2012), fuzzy rule-based classifiers (Pham, Tien
Bui, et al., 2016), neuro-fuzzy models multivariate adaptive regression splines (MARS) (Chu et al., 2019),
random forest (RF) (Hong et al., 2019), (DT) (Park et al., 2018), Artificial neural network (ANN) (Lee et al.,
2004), and support vector machines (SVM) (H. R. Pourghasemi et al., 2013), and etc. Each of the
aforementioned methods has advantages and disadvantages (Reichenbach et al., 2018). Though, machine
learning is a category of methods that are repeatedly used in natural hazard studies (Korup & Stolle, 2014).
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Philps Peak, western Tasmania

Figure 1. Distribution of landslides in Tasmania along with a few examples of the affected areas (BAY)

Machine learning is related to a set of methods that distinguish patterns in the dataset and use them to predict
future scenarios (Jain et al., 2020). One of the differences between machine learning methods and other
approaches is that without any pre-defined rules from experts, they can learn their own mappings between
parametric rules directly from the data. This characteristic is advantageous in the case that the number of factors
is considerably large and their physical properties are quite complex, as in the case of landslide (Merghadi et al.,
2020). Hence, the machine learning approach to landslide response may assist to avoid many of the limitations
of physics-based algorithms. In this study, we applied the machine learning method of DT using landslide data
collected in the 1950s.

Australia has been affected by several landslides in the past (Roodposhti et al., 2019). Some lands in Tasmania
are susceptible to slope instability (Slee & Mcintosh, 2022). In some cases, the financial damage to people and
the State reaches millions of dollars. However, there is no information source that people can use to get
informed about landslide risk (Mazengarb, 2005). In addition, neither the insurance company nor the Tasmanian
government provides coverage for those damages (Roodposhti et al., 2019). Without any doubt, such disasters
and their destructive impacts can be avoided if the ground conditions are evaluated and assessed prior to the
planning and construction (Dai et al., 2002).

In order to create safer and sustainable communities land use planning strategies are required (Chakraborty &

Anbalagan, 2013; Sultana & Tan, 2021). Some of the planning actions are: to avoid development in areas that
will increase the likelihood of landslide risk; to remove or modify structures in risky zones; to recognize high-
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risk areas through zoning and overlay controls, and to avoid developments that are more likely to contribute to
increased landslide risk.

According to the above information, since landslide conditions in Tasmania received less attention in the
literature, this study contributes to a better understanding of the landslide risky areas in Tasmania, Australia by
overlaying the landslide susceptible areas with risky locations. Using this analysis to identify the risky areas can
be a great tool for several end-users (private and public sectors), intended for landslide mitigation purposes at
both local and international levels.

Study Area and Data Used

Landslides are common in Tasmania due to the natural geological processes over long-time scales (Figure 1).
Due to its varied topographical, geological, and geomorphic processes, including the effects of past and present
climates, landslides occur in a variety of sizes and types (Mazengarb & Stevenson, 2010). Mineral Resources
Tasmania (MRT) stated that due to the nature and magnitude of the known past landslides, similar events
occurring today would have the potential for significant damage in the  future
(https://www.mrt.tas.gov.au/home). The five major landslide types (slide, flow, fall, topple and spread) all can
happen in Tasmania, with slides (both shallow and deepseated) and flows being the most common types. A
number of landslides are a combination of movement types. The material that moves is classed as rock, earth, or
debris.

In order to have efficient mitigation strategies, defining the landslide conditioning factors must be also
highlighted throughout the spatial domain (Roodposhti et al., 2019). A relevant and reliable landslide
conditioning factors dataset with accurate landslide inventories is essential for landslide susceptibility analysis.
Both datasets’ precision has a direct impact on the final outcomes (Meena et al., 2022). For the current research,
the conditioning factors are altitude, slope, aspect, forest, geology, landuse/cover (LULC), Normalized
Difference Vegetation Index (NDVI), rain, distance to the river, distance to road, and soil (Figure 2). Each
factor was resized to a 30 x 30 m grid. Each one of these factors has an impact on landslide occurrence in a
region.

142° . 144° . 146°

148° 148°

142° . 144° . 146°

Altitude (m) |

Value
1610

100 100

88


https://www.mrt.tas.gov.au/home

International Conference on Basic Sciences, Engineering and Technology (ICBASET), August 25-28, 2022, Istanbul/Turkey

Aspect
(direction)

W Flat
Morth
B Northeast
I Fast
i Southeast
I South
Southwest
West
Northwest

100 200Km 100 200Km

Forest types
Extraction Sites
Hummaock Grasses - Sparse
Inland Waterbodies

[ irrigated Cropping

N Trrigated Pasture
Rainfed Cropping
Rainfed Pasture
Salt Lakes
Sedges - Open

' Shrubs - Closed

Shrubs - Cpen
Shrubs - Scattered
B shrubs - Sparse
B Trees - Closed
Trees - Open
Trees - Scattered
| Trees - Sparse
Tussock Grasses - Open
Tussock Grasses - Sparse

142° 146°

Geology LULC

[_ICgge [EHIDgbs [ Dggp T Dgpa [N Dgwr [ Jdtm Bl Dryland cropping
[ cagy |Dgb6 Dagr | Dgpc |Dgwu [ Msr Dryland harticulture
L cgit |Dgb7 Pagy Dgpd [HE Dgwy [EElMsty Grazing modified pastures
:: gb _]l [r;ggg — Dg:d ggpf i - Eg‘" l :gwc =] Grazing nativg vegetation )
© =9 [ Dg F et I L Intensive horticuliure and animal production

[ Czce T IDgci CDghi " Dapg |EQsd [ INstg B Trrigated cropping

Czi 1Dacp Dghm Dapm |Eb [ nyaa Irrigated horticulture
[ Czu |Dges Dghr Dgpo | Ebr | Nyac B irrigated pastures
[ |ofmy |Dgex [ Dght Dgpr | IEfr | Nyap B Land in transition
[ Ibgab " Tpgdi [ Ipghy T " Dgpt [ TEft [ INyat Minimal use
[ Ibgak [ IDgdn Dgin [ Darh [ |Egbu [N ODsm Mining and waste
| Dgap | Dgdr Dgis Dgrm | Egdv | Olg B Nature conservation
| Dgb1 | Dgds Dgli bgr | |Egdw | FRsp Other protected areas
[ Sogb1o T Ibgem [ Ibgim " Dgrt [ IEgeb [EPspmil Plantation forests (commercial and other)
[Dgb11 Dgew [0 Dglo Dgru [ Egmr [ Qa I Froduction native forests
[ Dgbi2 | Dgfc Dalp | - Dgsc | |Egrq | Qde B Rural residential and farm infrastructure
| Dgh13 | Dgfh | Dgmd IDgss | Fgsw | Gre B Urban intensive uses
I Dab14 |Dafs Dgmk Dgud | Egt | Qs B Water
[ ogbis T Dgty [ Ibgmr T Dgup [ 1Esr [ Qsg

Dghi6 Dgga Dogms Dgut [ TEsrs [IRsp
| Dghb2 |Dggb | Dgmu Dgwe | [Esw | | SDse
| Dgb3 |Dggg Dgnh Dgwl | Eu
[Iogba T Ibggk [ IDgnp T _Dgwp [ 1Jbir

89



International Conference on Basic Sciences, Engineering and Technology (ICBASET), August 25-28, 2022, Istanbul/Turkey

142° . 4° . 146° 148°

Rainfall (mm)
42

2

200Km

| Distance to

river (m) road (m)

100 200Km

200Km
Soil
[ A7 I 4 [ Mgio Tbin — Uns
I AB i ns Mgll Thil Ivel
I Anl L I Mgi2 Tbiz Cvez
Akl L KL2 L Mg13 - Th13 Waz2
|[E—r3 kL Mg L E— ] EE wWa3
[ Cbhis L KLa Mgls (R N E Iwcl
b1 LS E Mhi E Ub10 w2
[ Cbi1s E Kes Mh2 Ub11 — e
i Ch19 I Kab Mh3 B2 L Wil
[ Ch20 I—eT MNODATA B Ub13 L 12
! Ch2l ! LAKE Qat uo4 L AUE]
I Cb22 I Md1 Qal ub1s i Iwa4d
L Ch24 g2 Qa2 Ub16 2
[ Cbh2s E IMrL Rcl Uy E 123
1L [E—r ] TRel — T
I 13 [ IS 52 —Ub1D

Figure 2. Landslide conditioning factors
Regarding the risky features, the Tasmania government website provided a set of factors such as ambulance,

buildings, children and elderly population density, cultural places, educational places, entertainment places,
governmental places, heritage Tasmania features, hotels, kindergarten, medical services, police stations, primary
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infant schools, private reserves, and tourist features. The aforementioned dataset has been used in risk analysis
which will be described in the following sections.
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Figure 3. Flowchart

Methodology

Analyzing the correlation between “landslide conditioning factors” and “landslide inventory” is the first stage in
landslide susceptibility analysis. Therefore, according to the flowchart (Figure 3), both datasets of conditioning
and inventory have been produced. As has been mentioned landslide database has been received from MRT
which includes the landslide locations since the 1950s. A total of 600 landslides were randomly selected; 70%
of them were used as training data and 30% as validation data. The same number of non-landslide points were
randomly selected from the free-landslide regions. Subsequently, values of 1 and 0 were assigned to landslide
pixels and non-landslide pixels respectively. In order to perform DT, all dataset needs to be converted into
ASCII (American Standard Code for Information Interchange) format. ArcGIS was used to convert all of the
input data into ASCII data. Then, landslide training data and landslide conditioning factors were analyzed while
using the DT method in the SPSS environment to calculate the landslide susceptibility index and build a
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andslide susceptibility map in the study area. Classes with the highest susceptibility were overlaid on risky
features derived from different sources.

Decision Tree (DT)

DT is one of the machine learning methods that consider a predictive modeling technique. It can precisely
identify the structural patterns in data and represent them graphically as tree structures. Another advantage of
DT is that pre-defined correlation between the variables is not required (Saito et al., 2009). DT can explain data
and use it predictively, it can also ingest data calculated at varying scales, purely on the non-linear relationship
without the need for assumptions based on frequency distributions (Kheir et al., 2010). Consequently, each
factor can be considered input into the model. DT has been used as a rule-based technique in numerous natural
hazard studies (Chen et al., 2017; Jaafari et al., 2018; Tehrany et al., 2013). DT groups the landslide
conditioning factors hierarchically according to levels of susceptibility. The aim is to create a set of decision
rules that can form the basis for predicting the outcome from the input dataset. Thus, the rules are generated by
the analysis of a set of conditioning factors, with the purpose of predicting an outcome from a similar set of
variable factors. Due to the proficiency of DT, this method was used to analyze the correlation between the
landslide conditioning factors and the training dataset. Using DT-CHAID the conditioning factor that is selected
at each step is the one representing the strongest relationship with the landslide occurrence susceptibility.

Accuracy Assessment

AUC is a popular, comprehensive quantitative method of accuracy assessment, by which the prediction and
success rates may be evaluated (Pham, Pradhan, et al., 2016). The proficiency of AUC in evaluating the
susceptibility mapping outcomes has been demonstrated successfully in a number of studies (H. Pourghasemi et
al., 2013; Pourtaghi et al., 2016; Xu et al., 2012). AUC evaluates the existence of the known landslide inventory
data and the acquired probability map. It starts by dividing the landslide probability map into categories of equal
area, and hierarchically ranking respective values from minimum to maximum in ArcGIS. AUC starts by sorting
the calculated values of all cells into descending order, thus ranking each prediction hierarchically. Thereafter,
the values of cells were divided into 100 classes with 1% accumulation intervals. The presence of landslide in
each interval is measured using the “Tabulate area” tool in ArcGIS as the next step. The success and prediction
curves determine the percentage of landslides in each probability category.

Results and Discussion

DT has been applied and a landslide susceptibility map has been created by classifying the derived map into five
classes of “low”, "very low”, "moderate”, "high”, and "very high” (Figure 4) using a well-known quantile
classification technique (Baeza et al., 2016). Based on the DT tree structure, the most influential landslide
conditioning factors affecting the landslide distribution were geology and slope, as they were selected at the top
of the branch. The most susceptible combination of conditioning factors contributing to the high landslide
susceptibility was as follow: starting with slope (between 32-58°), as well as the decision root continued by the
rainfall greater than 10mm, and NDVI <-0.1. Areas exhibiting these characteristics were classified as 100%

susceptible to landslides (Table 1).

Table 1. The most susceptible combination of conditioning factors

Factors Range DT Rules
Slope 0-72° 32-58°
Rainfall 6.6-42.4mm  >10mm
NDVI 0-67° <-0.1

The landslide susceptibility map is presented in Figure 4. It depicted where the slope failure may occur spatially
in the future.
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Figure 5. Risky features

As it can be seen in Figure 4, the majority of the susceptible areas are located southeast, center, and north
regions. AUC has been applied and success and prediction rates were 87.64% and 84% respectively. In order to
evaluate which features are at risk from these susceptible areas, overlay analysis has been implemented. The
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classes of “very high” and “high” have been used to be overlaid with ambulances, buildings, children and
elderly population density, cultural places, educational places, entertainment places, governmental places,
heritage Tasmania feature, hotels, kindergarten, medical services, police stations, primary infant schools, private
reserves, and tourist features. Figure 5 represented the features that fall into the highest susceptible zones.

According to Figure 5, 142 touristic places; 39 primary and infant schools; 122 police stations; 45 medical
services; Huonville Primary School Kindergarten; 210 hotels; 217 governmental places; 94 education places; 30
cultural places; 30% buildings; 12 ambulances; 186 entertainment places; 744 private reserves; and 2195
heritage features are located in highest susceptible zones. The derived output can considerably assist different
sectors such as governments, insurance, tourism, and etc.

Conclusion

All societies are affected by natural hazards in one form or another. Whilst landslides do not present the most
significant danger in Tasmania, the cost to the community over time from economic and social perspectives is
considerable. This study aimed to evaluate the existence of risky features in high landslide susceptibility zones
in Tasmania. DT as one of the robust machine learning methods has been used to evaluate the correlations
among landslide conditioning factors and landslide inventory. Susceptible zones were detected and risky
features such as hotels, children and elderly population, etc. have been overlaid with the produced map. Through
this analysis, some risky features have been detected in classes of “very high” and “high” susceptibility. For
instance, among all kindergartens in Tasmania, Huonville Primary School Kindergarten has been located in
risky zones. From 291,698 buildings in Tasmania, 82,736 buildings have been located in risky zones. Such
information can significantly be helpful in future management plans. It can be used as a basis for more detailed
and deep risk assessments in Tasmania.
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