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Generalized Solutions of the Diophantine Equation

o2t 3" k"
—t—F—+t—=1
uy u; us Uj
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Abstract

This paper investigates the positive integer solutions of the Diophantine equation i—n+i—n+z—n+~- +I;—n =]
1 2 3 k
where n is a positive integer and u; <u, <---<u; are positive integers with the condition k =u;.
The study focuses on the existence and structural properties of the solution set. For a fixed smallest
denominator, it is shown that the equation admits only finitely many solutions, and explicit upper
and lower bounds for all denominators are established. Necessary conditions and polynomial growth
constraints for admissible solutions are derived. These results clarify the structural behavior of

power-type fractional Diophantine equations and provide a theoretical framework for further
developments in number theory.

Keywords: Diophantine Equation; Parametric Solutions; Power-Type Equation; Number Theory

! Faculty Science and Technology, Kamphaeng Phet Rajabhat University
? Faculty of Education, Kamphaeng Phet Rajabhat University
I Corresponding Author, Tel. 06 1416 1559, E - mail: cholatis.suanoom@gmail.com

ISSN 3027-6756 (Online) 1
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




. RMUTI Journal Vol. 19, No. 2 (May - August 2026)
<4
© 22>e266508

RMUTI Journal

Introduction

Diophantine equations are algebraic equations whose solutions are restricted to integers. They may
be linear or nonlinear, involve one or several variables, or form systems in which the number of variables
exceeds the number of equations. The study of Diophantine equations constitutes an important
branch of number theory.

In 2019, Thamkaew et al. investigated Diophantine equations of the Equation (1) and (2)

/I 3 5 2k +1
Tt =1, (1)
up up; uz Uy
and
2. 4.6, 2k 2)
Uy up; Uz Uy

where 2<u, <u,<---<u, are integers and k=u,;. Their results described the number of
solutions depending on the value of u,. In 2017, Burshtein Nechemia studied reciprocal-type
Diophantine equations and developed structural techniques for constructing parametric solution
families, contributing significantly to the theory of fractional Diophantine representations. In 2022,
Thamkaew and Thamkaew examined the quadratic power case Equation (3)
2 2 2
1—+2—+--~+k—=1, (3)
up U U
establishing existence results and identifying families of solutions depending on the smallest
denominator. Subsequently, Saethao et al. (2024) investigated the cubic case Equation (4)
3 3 3
1_+2_+...+k_=[, (4)
up U U
and analyzed the structure of positive integer solutions under ordered denominators. Their results
provided further insight into the behavior of higher power reciprocal Diophantine equations and
demonstrated how the number and structure of solutions change as the exponent increases.
More recently, Muangkarn et al. (2024) extended this line of research to the fourth power
case Equation (5)
4 4 4
I_+2_+...+k_=], (5)
up U Uy
establishing structural classifications and identifying parametric families of solutions.
Motivated by these developments for n=1, 2, 3, 4 the present study considers the generalized power
by Equation (6)

Z;f: 1, (6)

and aims to investigate the existence and structural properties of its positive integer solutions for

arbitrary neN.
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Preliminaries

Diophantine equations are algebraic equations for which only integer solutions are sought. They may
be linear or nonlinear, involve one or several variables, or even form systems in which the number
of variables exceeds the number of equations. The study of Diophantine equations constitutes
a central area of number theory, focusing on existence criteria, structural properties, and classifications
of integer solutions. In particular, equations involving reciprocal sums have attracted considerable
attention due to their connections with classical problems in number theory.

The equation considered in this paper belongs to the class of reciprocal sum Diophantine

equations and is given by Equation (7)

i
2=l @)

where n is a positive integer and u,, u,, ... ,u, are positive integers satisfying the ordering condition
u; <u, <---<uy . This form may be viewed as a power-weighted generalization of Egyptian fraction
representations, in which the numerators are no longer constant but instead grow polynomially
according to the exponent n. The presence of the power term significantly affects the behavior of
the equation, especially with respect to growth and dominance among the summands. The strictly
increasing condition imposed on the denominators ensures uniqueness in representation and prevents
trivial rearrangements of solutions. Moreover, it facilitates structural analysis by allowing solutions
to be classified into distinct parametric families. A parametric solution refers to a family of integer
solutions that can be expressed in terms of one or more integer parameters. Such representations
are particularly useful in studying infinite families of solutions and understanding their underlying
structure. Since the numerator " grows polynomially with respect to i, the magnitude of each
term in the sum depends critically on both the exponent n and the size of the corresponding
denominator v;. As n increases, the growth rate of the power terms becomes more pronounced,
and stronger constraints on the denominators are required in order for the sum to equal one.
Consequently, inequality techniques and bounding arguments play an essential role in analyzing
the existence and structural properties of solutions. These foundational concepts provide the
necessary framework for investigating the generalized Diophantine equation and for developing

structural and parametric descriptions of its positive integer solutions.
Results
In this section, we establish structural properties and existence results for the Diophantine Equation (8)

Z;— =1 (8)

where n is a positive integer and u, <u, <---<u, are positive integers.

ISSN 3027-6756 (Online) 3

Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




. RMUTI Journal Vol. 19, No. 2 (May - August 2026)
<
© 22>e266508

RMUTI Journal

Definition 3.1 (Big-O Class).
Let g:N — R be a function. The Big-O class of g, denoted by O(g), is defined as

0(g)=1{/ :N - R:3C>0,3k e N, | (k)| < Clg(k)| for all k> k,}
Thus, O(g) is the set of all functions whose growth is asymptotically bounded above by a constant

multiple of g.
Theorem 3.2 Let Equation (9)

k"
E ‘ 1—:1, where 2<u; <u, <---<u,,k=u;,neN. 9)

1= Uu.

1

Assume that A(u;,n)<1. Then the Diophantine equation admits only finitely many positive integer

solutions.

Proof Fix u,. Since k=u, where k is any positive integer, the number of variables is fixed.
Because the sequence is strictly increasing,
TPRRTH [ ) K (1) forall i=1,....k.
Step 1: Lower bounds are fixed.
From (1),
U 2u; +(k—1)=u] +(u1—1)=2u1—1.

Thus each denominator has a fixed positive lower bound depending only on u; .
Step 2: Obtain an upper bound for u, .
We have Equation (10),

Using (1) by Equation (11),
k=1 .n n

k=l
i i
E —< E =4 .
u; <l_:1 uy+i—1 (u,n) (1

i=1 "t

The equinity A(u;,n) is a fixed real number because u, and n are fixed.
Since the left-hand side of the original equation equals (8) and all terms are positive, we must have
Equation (12) - (13),

A(ul,n)< 1. (12)

Therefore,

k—ZI—A(ul,n). (13)
Uy

Because 71— A(u;,n)>0, we obtain
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P
ke I—A(uj,n).
This gives an explicit upper bound for u, Equation (14).
Step 3: All denominators are bounded.

Since

each u, satisfies

Thus every denominator is bounded both below and above by constants depending only on u; and n.
Step 4: Conclude finiteness

Each u; lies in a finite interval of integers. Since k is fixed, the number of possible integer tuples
(u,...,u; ) is finite. Hence the equation admits only finitely many solutions for fixed u, .

Let f(x) and g(x) be real-valued functions defined for sufficiently large integers k. We write
flk)=0(g(k)),

if there exist constants C>0 and k, e N such that |f(k)|< C|g(k)| for all k> &,.

This notation describes the asymptotic upper growth rate of f(k) relative to g(k).

k n+1
Remark 3.3 We use the classical estimate for sums of powers: Z Ii” _k ; +0(k”), which follows
i= n+

from Faulhaber’s formula. In particular, this implies Z; i" = O(k””).

Theorem 3.4 (Polynomial Growth Classification) Let Equation (15)

k
z L =1 where 2<u; <uy <---<uy,k=u;neN. (15)

i=1
1 ul

Then every solution satisfies the following growth conditions:
1 u2i" forall i=1,...k

2. u, < zlk:z]"
3. In particular,
u; = O(k””).
Proof Step 1: Proof of u, >i".

Since all terms in the sum are positive, we have Equation (16)

n i n
l—sz_ J_— forevery j=1...k (16)
u; J=1uj

Hence,

Multiplying both sides by u, >0 gives
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Therefore, u; >i" forall i=1,... k.

Step 2: Proof of u, < Z;z”

Because the denominators are strictly increasing Equation (17),
Uy <uy <<y,

we have u; >u, for all i.
Thus Equation (18),

Step 3: Asymptotic growth estimate.

By the classical power-sum estimate (Faulhaber’s formula) Equation (22),

In particular Equation (23),

Combining this with Step 2 gives
u; < k"'
for some constant C >0 and sufficiently large k. Hence,
u, = 0",

This completes the proof.

Conclusion and Discussion

In this paper, we investigated the Diophantine equation
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under the ordering condition 2<u, <u, <---<u;, with k=uand neN. The main objective was to
analyze how the smallest denominator influences the structure and size of the solution set.
The results establish that, for each fixed smallest denominator v,, the equation admits only finitely
many positive integer solutions. This shows that the solution space is completely determined once
the initial denominator is fixed. Furthermore, explicit lower and upper bounds for admissible
denominators were derived, leading to polynomial growth constraints gsoverned by the exponent n.
In particular, every solution must satisfy u; >i",, while the smallest denominator satisfies an upper

bound of order k™!

. These findings clarify the structural behavior of power-type fractional
Diophantine equations and extend previously known results for the cases n = 1, 2, 3, and 4 to arbitrary
positive integers n. Rather than focusing on explicit enumeration of solutions, this work provides
a general structural framework that explains how growth conditions restrict admissible solution
families. Future research may address the explicit construction of parametric solution families,
the determination of exact solution counts for small values of u;, and possible extensions to more
general reciprocal-type Diophantine equations without the restriction k=v,. Another promising

direction is the asymptotic analysis of solution distributions as the exponent n increases.
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Abstract

The research objective is to develop and evaluate the stability of mathematical modelling for
controlling the spread of chickenpox in the education campaign. The model is analyzed using
standard methods, the equilibrium point, stability of the equilibrium points and analytic solutions.
The effectiveness of the education campaign in mathematical modelling and numerical solutions
is studied. The findings of the analysis indicate that the effectiveness of the education campaign
constitutes a significant factor influencing the dynamics of the mathematical model developed
to control the spread of chickenpox. It was found that if the population at risk of infection with
chickenpox has knowledge about the prevention of chickenpox, it will contribute less to the increase
in the spread of the disease. If the population at risk of infection with chickenpox has knowledge
about the prevention of chickenpox, it will contribute to the decrease in the spread of the disease
until there is no further spread of chickenpox infection. The population at risk of infection with
knowledge about the prevention of chickenpox is not less than 50 percent of the total population
and will contribute to the decrease in disease spread until there is no further spread of infection.
This highlights the importance of public health education in controlling outbreaks. By ensuring that
a significant portion of the population understands how to prevent transmission, the overall health

of the community can be safeguarded and the incidence of chickenpox can be significantly reduced.

Keywords: Mathematical Model; Chickenpox; Control the Spread; Education Campaign
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Introduction

Chickenpox, known as varicella, is a highly contagious disease caused by the initial infection with
the varicella zoster virus. The disease results show the characteristic skin rash that forms small, itchy
blisters, which eventually scab over. It usually starts on the chest, back, and face and then spreads
to the rest of the body. Other symptoms may include fever, tiredness, and headaches. Symptoms
usually last five to seven days. Complications may occasionally include pneumonia, inflammation
of the brain, and bacterial skin infections. The disease is often more severe in adults than in children.
Symptoms begin 10 to 20 days after exposure to the virus (Division of Epidemiology, 2020). Based on
the mathematical model, the transmission dynamics of chickenpox can be characterized, thereby
providing insights into the factors that influence its spread and informing effective control strategies.
In addition, the strengths of mathematical models can change the characteristics of the disease and
the parameters related to it. Isolating affected individuals can prevent the spread of chickenpox.
Contagion is by exposure to respiratory droplets or direct contact with lesions within a period lasting
from three days before the onset of the rash to four days after the onset of the rash. The chickenpox
virus is susceptible to disinfectants, notably chlorine bleach. Like all enveloped viruses, it is sensitive
to desiccation, heat and detergents (Sangthongjeen et al., 2015).

Mathematical modeling of chickenpox (Varicella) epidemics provides critical insights into
the dynamics of disease transmission and control. While robust models can effectively evaluate the
shifting characteristics of an epidemic under varying disease-associated parameters (Almuallem et al,,
2025), their application is vital for mitigating infection risks and optimizing public health interventions.
To this end, the objective of this study is to formulate and evaluate the stability of a modified SEIR
model that explicitly incorporates the impact of public education campaigns. Methodologically,
the model is rigorously analyzed through equilibrium points, local and global stability thresholds,
and the derivation of the basic reproduction number (R,), supported by numerical simulations to
evaluate campaign efficacy under varying compliance rates. Although various SEIR-type models have
been proposed for infectious diseases, the structural novelty of this study lies in embedding an
educational campaign parameter (@) into the transmission mechanism, providing analytical and
numerical evidence demonstrating how targeted public awareness can reduce the basic reproduction

number below unity (R, < 1), thereby suppressing disease persistence and facilitating eradication.
Model Formulation

In this study, the total human population (N) is assumed to be constant and partitioned into four
epidemiological classes: susceptible (S), exposed (E), infected (1), and recovered (R). The transitions
between these compartments are governed by a system of first-order differential equations (Sukawat
and Naowarat, 2014). While standard SEIR models assume static host behavior, this paper introduces
a novel extension tailored specifically to chickenpox (Varicella) dynamics by embedding targeted
behavioral and disease-specific parameters. We incorporate the education campaign rate r () to quantify
the behavioral shift of susceptible individuals actively avoiding infection. Additionally, the model

explicitly integrates the latent period (a), recovery rate (y), and loss of temporary immunity (6) to
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accurately reflect the clinical hallmarks of chickenpox. Rather than a simple mathematical expansion,
adding these parameters modifies the system’s transmission topology, providing a new threshold
for disease eradication. Consequently, the modified compartmental framework is formulated as
follows Equation (1) - (4):

ﬁ:éN—(J—w)aSl—gas (1
dt
9E _(1-w)ast - pE - gk (2)
dt
dI
= PE=1 gl &)
dR

Then N=S+E+I+R
where,

S(¢) represent the susceptible human populations

E(t) represent the exposed human populations

I() represent the infected human populations

R(t) represent the recovered human populations

N represent the total number of human populations

) represent the birth rate of human populations

®  represent the effectiveness of an education campaign

a represent the probability that virus transmitted from an infected human to
susceptible human

Yij represent the proportional rate for people exposed to the infected human
populations

y represent the recovery rate of infected human populations
represent the natural death rate of human populations

Model Analysis

The model monitors the human population, the all-associated parameters and state variables are
non-negative, ¢t>0. To show that the state variables of the model remain non-negative for all
non-negative initial conditions then consider the biologically feasible region
4 o
®={(S,E,[,R)eR! :N>=
4
Lemma 1 The closed @ are positively invariant and attracting.

Proof.

Adding (1) - (4) and gives the rate of change of the total population, a;—]j= ON —@N . Then, the total
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human population (~') is bounded by é, so that c;—];]=0 whenever N(t)=£. It can be shown that
@ @
5 5) : 5 5 : o
N(t)==+| N,—=|e . In particular N(r)==,, if N(0)==. Therefore, the region @ is positively
» @ » @

invariant and attracts all solution in R?.

1) Basic Reproductive Number
The basic reproductive number (R,) is defined as the expected number of secondary
cases produced by a single infected individual in a completely susceptible population. To calculate
the basic reproductive number for this system, we apply the next-generation matrix method.
Let X =[S,E,1,R]" represent the population compartments. The rate of appearance of new

infections (F) and the transfer of individuals out of these compartments (V) are given by Equation (5):

0 ~S+aS(I-o)I +¢S
|aS(i-a)r| (B+o)E
L R E O B I Y. ©
0 -+ @R

Evaluating the Jacobian matrices of F and ¥V at the disease-free equilibrium point E, =[£,0,0,0j
4
yields the matrices Equation (6) - (7):

0 0 0 0
0 0 as(l-w) 0
F(E,)=
(Ey) 0 0 o 0 (6)
0 0 0 0
o 0 ad(1- o) 0
@
V(E)=|0 PB+o¢ 0 0 )
0 -p Y+ 0
0 0 -7 ®

[ 1 ad(l-w) ]
0 ’ o’y +9) ’
0 ! 0 0
v-(E,)= 524” ; 8)
(B+0)y+9) y+e ’
0 By /4 1
pB+o)r+e)  olr+e) o]

The next-generation matrix F¥~(E,) is derived as follows Equation (9):
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aﬂ&@ - ) aé’(IO— o)

o(B+o)r+e)  oly+o)
0 0

0 0

Fr(E)-

SIS S S
SIS S D

The basic reproductive number (R,) is determined by the spectral radius (the largest

eigenvalue) of the matrix FV~/(E,), which gives:

_ afs(1-w)
" o(B+o)r+o)

2) Stability Analysis of the Disease-Free Equilibrium
At the equilibrium point, the time derivatives of all state variables vanish
(%zi—fz%zi—sz]. The disease-free equilibrium point (E,) is evaluated where there is no

infection in the population, given by:

E,(S,E,,R)=E, [2,0,0,0}
@
Theorem 1  The disease-free equilibrium E, of the system is locally asymptotically stable if R, <1
and unstable if Ry >1.
Proof.
The Jacobian matrix of the system evaluated at the disease-free equilibrium is given by
Equation (10):

__¢ 0 _aé(l—a)) 0
510 o)
JE)=| 0 -p-o Z . 2 (10)
0 B -y-9 0
0 0 14 -]

The eigenvalues (1) are obtained by solving the characteristic equation det(J(E,)- AI)=0.
This factors directly into:

(—ﬂ—w)z(ﬂz +ﬂ(ﬂ+7+2¢)+(ﬁ+¢)(7+¢)—m] =0.
0

From this, we obtain two negative eigenvalues immediately: 4, =—¢,4, =—¢.
The remaining two eigenvalues (4;,4,) are determined by the quadratic polynomial
P(2)=2"+ 42+ B =0, where:

A=p+y+2¢ and B=(ﬁ+¢)(7+go)—@.

According to the Routh—-Hurwitz criterion, all roots of this characteristic polynomial have

negative real parts if and only if 4>0 and B>0.
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a. Since all parameters are positive, 4= B+ y+2¢ >0 is always satisfied.

b. For B>0, we require:

>0

(B +0)(y +p)- 2£2U=2)
4

(54 0)(y + p)> 222U=0)
af5(1-w)

> o(B+0)(r+90)

By definition, the right-hand side is the basic reproductive number (R,). Therefore, the
condition B >0 holds if and only if R, <1.

Conversely, if R,> 1, then B >0, which ensures that at least one eigenvalue has a positive
real part, making the disease-free equilibrium unstable. This completes the proof.

3) Existence and Stability of the Endemic Equilibrium

When R, > I, the disease cannot be eradicated, and the system reaches a steady state
where the infection persists in the population. This state is known as the Endemic Equilibrium
point (E,).

The endemic equilibrium point E, (S*,E*,I*,R*) is obtained by setting the governing differential
equations to zero under the condition that the infected populations are non-zero (E =0,1#0).

Solving the algebraic system yields:

S*zi

PR,
E*=¢(7+¢)(R0—1)

afp
c_oB+o)
I'= 7 (R, —1)
_Bro)p
R = ” (R 1)

Theorem 2 The endemic equilibrium of the system exists and is locally asymptotically stable if
R, >1, and does not exist if R, <1.
Proof.

The existence of E, requires all state variables to be strictly positive. From the analytical
expressions above, it is evident that $* is always positive, while E*,7" and R* are strictly positive if
and only if Ry < 1.

To evaluate the local stability of E;, the Jacobian matrix of the system is calculated at

the endemic state Equation (11):

—a(l-o)" ¢ 0 —a(l-w)s" 0

J(Ez)— a(]—a))l* -f-0 a(l—a))S* 0 (1)
0 B -7-9 0
0 0 4 -9
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The corresponding characteristic equation det(J(E,)-Al)=0 simplifies to:

Co-2)F+a,2 +a,h+a,)=0

This provides one negative eigenvalue immediately: 4, =—¢. The remaining three eigenvalues
are roots of the cubic polynomial P(1)= 4’ + 42> + BA+C =0, where the coefficients are determined
as:

A=a(l-o) +p+y+2¢

B= (,B + ¢))(}/ + ¢))+ a(]— a))l*(ﬂ +y+ 2¢J)— aﬂ(l - a))S*

C=a(l-0)I (B+9)(y+0)

By applying the Routh—Hurwitz criterion for a third-order polynomial, all roots have negative

real parts if and only if the following conditions are met:

a. A>0
b. C>0
c. AB>C.

Since R, >1, the infected population " is strictly positive. Given that all biological
parameters (a,/;’,y,go,&,a)) are positive, it follows directly that 4>0 and C>0.
Furthermore, substituting S* =% and R, into the coefficients and simplifying the algebraic
PRy
expression proves that 4B —C >0 holds true whenever R, > 1. Therefore, by the Routh-Hurwitz criterion,

the endemic equilibrium E, is locally asymptotically stable for R, > 1. This completes the proof.
Numerical Analysis

In this section, the numerical simulation of our model is presented. The parameter values that

we used in the numerical simulation are given in Table 1.

Table 1  Parameters values are used for numerical simulation at the disease-free state.

Description Parameters Values

The human populations** N 85,140 persons
The birth rate of human** ) 0.0000244 /day
The probability that virus transmitted* a 0.00000144 /day
The Incubation rate* yij 0.142857 /day
The natural death rate of human** @ 0.00001567 /day
The recovery rate of infected® human y 0.06667 /day
The effectiveness of the education campaign ® 0-1

* (Department of Disease Control, n.d.)
** (Phuket Provincial Statistical Office, 2022)

The numerical results showed the relationship between the effectiveness of the education

campaign and the basic reproductive number, as presented in Table 2.
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Table 2 The relationship between the parameters of effectiveness of education campaign and

basic reproductive Number

Effectiveness
of education 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

campaign

Basic
reproductive  1.838  1.654 1471 1287 1.103 0919 0.735 0.551 0.368 0.183 0

Number

The analysis model and optimal control found that the stability of equilibrium points when
the effectiveness of Education Campaign @ = 0.5, have basic reproductive number R,= 0.919,
and the effectiveness of Education Campaign o = 0, the disease-endemic equilibrium R, = 1.838.
The effectiveness of Education Campaign is the factor affecting the mathematical modelling.

1) Stability of the disease-free state

We changed the values of Education Campaign w = 0.5, 0.6, 0.7, 0.8, and 0.9, and keep
the values of the other values of parameters to be those given in Table 1.

For the case where @ = 0.5, we obtained the basic reproductive number R, = 0.919, which is
less than one (R, <1). According to Theorem 1, the local stability of the disease-free equilibrium
point (E,) is evaluated by determining the eigenvalues from the characteristic equation.
Two negative eigenvalues are immediately obtained as A, = —¢ =—0.00001567 and A, =—¢ =-0.00001567 .
The remaining two eigenvalues (4;,4,) are determined by the quadratic characteristic polynomial:
X +AA+B=0

By substituting the baseline parameter values from Table 1 into the coefficients defined

aps(1- a))
4

in Theorem 1, where A=f+y+2¢p and B=(B+¢)(y+¢)- , we obtained the positive

coefficients: 4=0.209558 and B=0.000779

According to the Routh-Hurwitz criterion, since all coefficients of this characteristic polynomial
are strictly positive (4>0,B>0), all remaining eigenvalues have negative real parts. Consequently,
since all eigenvalues have negative real parts, the disease-free equilibrium point (E,) is locally
asymptotically stable. This implies that the chickenpox disease will eventually disappear from the
population when R, <1, which perfectly matches the numerical simulation results shown in Figure 1,

where the infected trajectories continuously approach zero.
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Figure 1  Time series of Susceptible human, Exposed human, Infected human and Recovered

human on Education Campaign @ = 0.5.

Furthermore, to clarify the behavior of the endemic equilibrium point (), Theorem 2 states
that E; does not exist in the biologically feasible region when R, <1 because the state variables
(E*,I*,R*) would become non-positive or negative. This is consistent with the epidemic theory
where the disease cannot persist without a sufficient transmission rate. Therefore, when R, =0.919<1,
the disease-free equilibrium (E,) is the only stable steady state, and any discussion regarding the
stability of an endemic state is irrelevant for this case, as confirmed by the continuous decline of the
infected population toward eradication in Figure 1.

2) Stability of the endemic state

We changed the values of Education Campaign @ = 0.0, 0.1, 0.2, 0.3, and 0.4, and keep
the values of the other values of parameters to be those given in Table 1. We obtained the eigenvalues,
and basic reproductive numbers are R, = 1.838, 1.654, 1.471, 1.287, and 1.103 (Ro >1). All the
eigenvalues are negative, and the basic reproductive number is greater than one, the endemic
equilibrium point is local asymptotically stable, as shown in Figure 2 - 9.
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Figure 2  Time series of Susceptible human, Exposed human, Infected human and Recovered
human on Education Campaign @ = 0.
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Figure 3  Time series of Susceptible human on Education Campaign @ = 0.0, 0.1, 0.2, 0.3, and 0.4.
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Figure 4  Time series of Exposed human on Education Campaign @ = 0.0, 0.1, 0.2, 0.3, and 0.4.
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Figure 5 Time series of Infected human on Education Campaign @ = 0.0, 0.1, 0.2, 0.3, and 0.4.
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Figure 6 Time series of Recovered human on Education Campaign @ = 0.0, 0.1, 0.2, 0.3, and 0.4.

Endemic Equilibrium Point (E1)

S
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Figure 7 The relationship between (S) Susceptible human, (7) Infected human and (R) Recovered
human. The solutions approach the endemic equilibrium state to the disease-free state.
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Endemic Equilibrium Point (E1)
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Figure 8 The relationship between (S) Susceptible human, (E) Exposed human and (R) Recovered

human. The solutions approach the endemic equilibrium state to the disease-free state.
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Figure 9 The relationship between (S) Susceptible human, (E) Exposed human and () Infected

human. The solutions approach the endemic equilibrium state to the disease-free state.

The study found that the effectiveness of the education campaign is one of the factors
affecting the dynamics of a mathematical model used to control the spread of chickenpox. If the at-risk
population knows how to prevent chickenpox, fewer will spread the disease. If the population at
risk of infection with chickenpox is knowledgeable about prevention methods, many individuals will
help reduce the spread of the disease until there is no further transmission of chickenpox. At least
50 percent of the total population is at risk of infection with chickenpox and has knowledge about its
prevention. This will aid in reducing the disease's spread until the infection stops spreading. This statistic
highlights the importance of public health education in controlling outbreaks. By ensuring that a
significant portion of the population understands how to prevent transmission, the overall health of
the community can be safeguarded and the incidence of chickenpox can be significantly reduced.

In this study, we proposed the dynamics model of Chickenpox with considered the
education campaign. We analyzed the model by the standard method. Also, we determined the

equilibrium points and investigated the stability of the model. We obtained the basic reproductive
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number using the next generation method. Further, we explored the impact of varying educational
strategies on the spread of the disease, highlighting the importance of the education campaign in
controlling outbreaks. Our findings suggest that targeted campaigns can significantly reduce transmission
rates and improve overall health outcomes in the population.

The effectiveness of Education Campaign is the factor affecting the mathematical modelling.
In epidemiology, the basic reproductive number is the number of secondary cases generated by
a primary infectious individual. We employ the Roth-Hurwitz criteria to examine the stability of the system.
The qualitative behaviors of this model are shown in Figure 1 - 4. We analyzed the model and
optimal control and found that when the Education Campaign was 0.5, 0.6, 0.7, 0.8, and 0.9.
The population at risk of infection with knowledge about the prevention of chickenpox is not less
than 50 % of the total population and will contribute to the decrease in the spread of the disease
until there is no further spread of infection. The evidence indicates that increasing the education
campaign's effectiveness significantly enhances community awareness and engagement in preventive
measures. This, in turn, leads to a more resilient population capable of resisting outbreaks.
By fostering a culture of vigilance and proactive health practices, the long-term impact on public
health can be profoundly positive, reducing the burden of chickenpox and similar infectious
diseases. As a result, we can effectively reduce the overall incidence of chickenpox, promoting

a healthier population and alleviating the burden on healthcare resources.
Conclusion and Suggestions

In conclusion, the results of this study demonstrate that the effectiveness of education campaigns
plays a crucial role in controlling the transmission dynamics of chickenpox. When the effectiveness of
the education campaign decreases, the number of infected individuals increases, resulting in a basic
reproduction number greater than one (R, > 1), indicating persistent disease transmission within
the community. Conversely, increasing the effectiveness of the education campaign reduces the
number of infected individuals and leads to a basic reproduction number less than one (R, <1),
implying that the disease will eventually disappear from the population. These findings highlight
the critical importance of maintaining effective educational campaigns to strengthen public awareness
and preventive behaviors among at-risk populations. By enhancing the effectiveness of such interventions,
communities can significantly reduce disease transmission and better protect vulnerable individuals.
Furthermore, collaboration among local health authorities, schools, and community organizations
can improve outreach activities, promote early recognition of symptoms, and encourage timely preventive
actions, thereby contributing to the overall resilience and health of the community. Regarding the
practical application of the proposed mathematical model, public health authorities may utilize the
education campaign effectiveness parameter (w) as a strategic indicator for planning and evaluating
chickenpox control policies in schools and communities. Both the theoretical analysis and numerical
simulations indicate that achieving an educational compliance level of at least 50 % (@>0.5) can
successfully reduce the basic reproduction number below the epidemic threshold (R, < /), leading to
disease eradication. In practical settings, decision-makers may estimate the actual value of (@) through

Knowledge, Attitudes, and Practices surveys conducted within target populations. If the observed
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effectiveness level is lower than the mathematically determined threshold, public health interventions
and educational campaigns can be intensified proactively to reduce the risk of future outbreaks.
Although this study primarily focuses on theoretical analysis, the proposed model provides a useful
framework for future epidemiological investigations. Future studies may incorporate real epidemiological
data for model calibration and validation to improve predictive accuracy and enhance the practical

applicability of the model in public health decision-making and chickenpox outbreak management.
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a 1% Y o2 o Y A& o a o Y o ~ 1 =
nmyaTgilasiasegananandliiiudt GPF vihiduasiuay vililaseasiedianuiuidusnnay
Tuauedinsld GPC TutRinaugaiurzdmaausomaisaiasmndnuageunandumbeuudnunansdnGesh
YDIWIATI USRI IUNRIASTIINgaNTgafe NMSLNUNYUBWUAAIY GPF Segay 5 Saufun1sunui
V318078 GPC Soray 5 FwieanUSinanezuiwasdulinsivdsnndon
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Abstract

The objective of this research is to study the potential of reutilizing waste glass. The study examines
the effects of the combined replacement of cement with fine glass powder (GPF) and sand with coarse
glass powder (GPC) in proportions of 5, 10, 15, and 20 percent by weight on the compressive strength
and physical properties of mortar. The results of the study indicated that the flow and density of the
mortar tended to decrease with the increase of glass replacement levels due to the increased
specific surface area of the ¢lass powder particles, leading to a higher water demand to lubricate the
particle surfaces. However, the replacement of cement with 5 percent GPF combined with the
replacement of sand 5 percent GPC yielded the highest compressive strength of 35.21 MPa at 28 days.
Additionally, this mixture exhibited the lowest porosity and water absorption values of 3.85 percent
and 1.60 percent. Microstructural analysis revealed that GPF acted as a filler material, resulting in
a denser structure, whereas excessive GPC content negatively affected compressive strength due
to its angular particles hindering aggregate packing. In conclusion, the most appropriate mortar
ratio is the replacement of cement with 5 percent GPF combined with the replacement of sand with

5 percent GPC, which helps reduce waste glass quantity and is environmentally friendly.

Keywords: Glass Powder; Mortar; Compressive Strength
o
UNUI

Tunszuumasdayuiiuug insudesneaniveulasenlsn (CO) é“ul,ﬁﬂmﬂmim?iamﬂmmqLﬂﬁsuaﬁmqau
mugfumsliidemamleata feviadifufudounssaniifiduddglunsrelifnniglantou andoya
UyTfmFeunszanvessemalned wa. 2561 Jaaanszuiunsganvinssuuaznslindnfaridnisdes
feFeunszandeas 10.77 fimsUdesiwiBounszanaingmamnssunissanyulsudifuede fe nidesay
51.28 (Office of Natural Resources and Environmental Policy and Planning, 2022) Tagludl w.¢. 2567
UizLﬂﬁimﬁmamﬂaNamﬁmﬁﬁyuﬂizmm 27.20 a1udu (Pollution Control Department, 2025) Tured
aonun1salsvaulaniiUSinameryaneeUssing 200 SudiulasUstanaforar 7 vewvezainariluvezui
Fadulngazidunilenilasl (Muhedin and Ibrahim, 2023) eedlsfinu Wlaniduudayifuinganisal
iwensmse sadufrmiundnlunisdauiuazneunirlutsaommsssiun mslivmeilanldfiutu
pgmMnszlanunzszauUszana 40 - 50 Wumuwesnsiusiet (United Nations Environment Programme, 2022)
Fsmsmauiuuszgndlilunsiduiaamaunilucnuneains SudumnmsiitisaniymieEounszan
wazaan1slansneinssssum@lunsondu lasnsuiadddnaulaoenled (Si0,) WussAUsznaundn
(Thatuchirangkul et al, 2025) waznszuiunskanddmaliumillassaatuanedugm (Phoophool, 2015)
FeazdadBuliAnUfARenlsa1u (Pozzolanic Reaction) annwadnwmuihnsiisiiuuneyniadnnd
75 m unuiudludiesar 10 awnsafiudidadaneuninldiosar 9 eiisuiunsuninniugy
uananimslusuiunuiiyudundlusiinuliiufesas 15 Saunsauiulgaantfnaneninees
Aoun3n laglinsenusesseznanminefmuazn1suengd (Aliabdo et al., 2016)

Tushunalomaes! Werhuianueliimmesdengs SO, TuksiwiaguifiReiuunadelensonles
(Ca(OH),) U lanstuvesyuduudiinfuamsusznovunadendainalewmsn (C-S-H) Fsfianuddry
ABNTHAUIANEIDA ﬁﬂﬁgqé’qﬁwammmw?u 6‘?3&L*‘fﬁJum'ﬁU%Uquﬁmmauﬁam'mﬂaLLazmmmumu"luﬂauﬂ%m
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(Dong et al, 2021) sgndlsimumiiludennaddyieniunsldumlupounsa fie Uiitualissninseumeau
wmﬂsmm%ammuauaamia Gend Uijiserdanla-8in (Alkal Silica Reaction, ASR) (Zheng, 2016)

'
=

FoaziAnduea (Gel) Faiinadnuargaduihuaznsuene vhliAnussiuneluaounie & amnusedutiy
Aunidneuninaziuld asuninfiazAnnisunndn (Thaipum and Srisoros, 2013) JaiiiniseHuA
flnrwaziBoaidnnin 100 W WaUUTBAFUNEN LazyhnInadeuNIeNeRYeLYNtDsS
wuh msunedf 14 fu teenihiesay 0.09 dwuyndnnau Gwnniinasives ASTM C1260 Aty
f¥evaz 0.1 wandliviuinlifinnsvenefiidudunseain ASR iesaneynanauififiauaziBengs
awvmihiiduiaguenlsauiidensvinufiien TnsasvhUfisoniu Ca(OH), Wioadna C-S-H unuiiazifn ASR
(Sharifi et al, 2016) BnwsdamuiBnumsunuinesuiinarensiudife) ASR innnimuanden
(Huang et al., 2021)

naddeiuunu dulvgingudunsfinsnmsiwaiaunldiduiagnaunuyuiiuud vie

o ]
U

waTazden Weseendlaegmiluenanntiy (Dong et al, 2021) dwalinanisAinwidrinaresnisunui
Yanaaosduniontu Sifledernediin wihBusfinAdoudufnwnsmuiituiuthud (Baikerikar
et al., 2023; Muhedin and Ibrahim, 2023) LwimivﬁmmLﬁﬁﬂﬁ]ﬁmamzmLLuuyimmsﬁLﬁmmﬂmsLmu‘?‘i
ﬁqgu%LuuﬁLLasmﬂaw%auﬁué’ﬂﬂqL‘wadamqmu‘iai'aﬁé’ﬂﬁ@

AR IUsrasdiefnyHavem LBz eferu Tumsuwivuuu
Tudasidausing q Adnadoautninatazauifnianioain iemsnsdnimmsauiaalunisldau
Suanidumdlumsdanisvesuiuasiann fanneassiiduinsiedaunndousoly

A5 UN15IVY

1. 749
5aqﬁ1%’ﬁm%’umﬁﬁa Usznaume Uuu%mum‘lamaﬁﬂﬂjﬁﬂiﬁfj’muﬂl’ﬂﬂ (Hydraulic Cement Type
General Use) Ay 19N.2594-2567 nisusitnnazauinfiogluanimduiafiuiamusnnsgiu ASTM C33
Jelugdannuauiden 2.65 namuaveu (Glass Powder Coarse, GPC) HUAZLNTAUDS 16 WaEAIAZILNT
wWas 100 dalugdaaiuasiden 2.56 wazHAIUAavLden (Glass Powder Fine, GPF) difagazn1sang
UuRRMASIATEILUES 325 $ovar 33 TnednwairyanmenwuesTagiamadeguil 1

L R 2 ‘
(n) Yudwdlansedin (1) HANIUANEIU

(A) HALNIUABLLDUA () N9k
JUN 1 Fanildluaide
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2. @UNENYDINDINTS

nuAdeioenuuvdLHaNLasISTIILA 17 sULUY ImmjaLﬁuﬁﬂmmamaaﬂmmuﬁw%muﬁ
femaLiunazidon (GPF) wagnsunuingiefoniuaveny (GPC) Usznausiey uesminiunu (CT),
GPF TuuSunuseway 5 sunu GPC TuuSunadesas 5 10 15 wag 20 Ae Was1s 5GPF-5GPC fiv 4853
5GPF-20GPC, GPF TutSunaudesaz 10 saufu GPC TutSunasesay 5 10 15 waz 20 Av 48315 10GPF-5GPC
14 10GPF-20GPC, GPF TutSinauieway 15 Ty GPC TutSinadaway 5 10 15 wag 20 Ao Na$es 15GPF-5GPC
faueIM13 15GPF-20GPC way GPF TuUSunadesay 20 sauiu GPC luuSunaSoway 5 10 15 wag 20 Ae
we§A$ 20GPF-5GPC flawasnn$ 20GPF-20GPC Tastiwiintagusratu e 1 Tnendognauodnis
agdiAnisiua (Flow) WAy 11045

A9 1 ORSIEIUNANNDIANS Sauarlngumtn

No. Sample ID Cement GPF Sand GPC W/B
1 cT 100 - 275 - 0.56
2 5GPF-5GPC 95 5 270 5 0.56
3 5GPF-10GPC 95 5 265 10 0.56
4 5GPF-15GPC 95 5 260 15 0.56
5 5GPF-20GPC 95 5 255 20 0.55
6 10GPF-5GPC 90 10 270 5 0.57
7 10GPF-10GPC 90 10 265 10 0.57
8 10GPF-15GPC 90 10 260 15 0.56
9 10GPF-20GPC 90 10 255 20 0.55
10 15GPF-5GPC 85 15 270 5 0.59
11 15GPF-10GPC 85 15 265 10 0.59
12 15GPF-15GPC 85 15 260 15 0.58
13 15GPF-20GPC 85 15 255 20 0.58
14 20GPF-5GPC 80 20 270 5 0.59
15 20GPF-10GPC 80 20 265 10 0.58
16 20GPF-15GPC 80 20 260 15 0.59
17 20GPF-20GPC 80 20 255 20 0.58

3. nsnagaunsivaun (Flow)
msnageunsiaus (Flow) WemuSinanfmngen (Water Requirement Test) vasuadan?
Tngl¥shsdnhreTanUszanuiviliinnisiausvihiuiosas 110+5 susnsgiu ASTM C230 felfzvnaou
mslna (Flow Table) lnsvihnmsimdusnugudnarsveswuunagey (D)) fvtneluladwns (mm) wagindu
ruguinanedsrememIuuiumaaey (0,) Smheluliadiuns (mm) Tnefmuammslvausissaumsi (1)

D,-D
Flow(%)="2—"Lx 100 (1)
Dl
4. NSNARBUAMNRUILILY (Density)
MMINAFDUMANUNUILULY (Bulk Density) vilalagunneudisgnauesnsinIun1soulislugam
tmtiheuwiis (A) Sunhedunii (9 wsmelSinesvesiouimens@iulinanramwasthuinudumiin (B)
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S &, o o o o H N <, o 1 1 ! ' H = a1
fvheduniy (9 Audwiindslud (©) fmheduniy (9 udAumMEAIAITUILLLYBIE (o) TelA

wirfu 1,000 Alanusegnuiafiuns (ke/m?) Tneanumnuiuiiruiaddasivieduilaniusegnuieiuns
(kg/m?) Aeaun1sh (2)

Bulk density (kg/m3)=( A pr (2
B-C
5. msmaavmigﬂ%uﬁﬂ (Absorption)

nsvAdeUNIsgAdIL (Water Absorption) sildlnsthieuiegimesminsgnuiaiuun
50x50x50 fladlng fiengnnsus 28 fu leuiigamgil 11045 °C iuszozinan 48 il dielvidniinasdi
ntusanaliliushaniung 2 dilue wdnhindehihuiueetuiiner (v o) dmheduniy (9) ANt
thiegdluidihiduna 20 $lus wdnhtundaianuaveefmiiliuk Suhosaredluannyduh
Rauke udmundaiwmdnuestuiinen (M) fmhaduniy (9 IﬂEJﬂ'ﬂm‘i@m%uﬁﬂmmsaﬁwmmﬁmﬂwaﬁha
voshwiin (M) (M) yseethvin (My,) W& Rauea8 100 Feaunsi (3)

sat

Msat_Mdry
——x100 3

dry

Absorption(%) =

6. NINAFIUANUNFUVBINBIANS (Porosity)
mMIvageuANLNTLlIN1TUSEINANSVAROUANLINTT YRS ASTM C642 Tngldiainmssgnuien
YN 50x50x50 Taduns egmTUn 28 Tu thwiihdudbuis (M) wasthmiineuwsis (M) sty

sat

wninvesfeumegwindalul (M) Fan1smimunnunguasaunisi (4)

M, —M
Porosity(%) = Hx 100 (4)

sat w

7. NMINAFUNIAIDA (Compressive Strength)
N1SNAFDUMAINTIBAVBINBIAITAULINTFIU ASTM C109 Taglduasininsgnuiaivuin
50x50x50 fiadiung $1uau 3 fregraradiunay tiluvdluiharerniunsuengnisusdidivunde 7 14
way 28 fu ensuimumhhodstundeiiiutues Snuwareuilunadeuselrdos Universal Testing
Machine qunseistufegndith adsdausyds (f) Smbhadusnguiana (MPa) anmsoduaaléan
AusssaUszdt (P) Smhaduflaii () msseiuivindavesiesns (4) Smbadumssdiedums (mm?)
Feaunsil (5)

NAN1SIY

1. AENURYaITER
\defansanesduszneumaailivesyudiuudlansednuazauingwinisinseisoiedes
X-Ray Fluorescence Spectrometry (XRF) 91957t 2 wuinfiesdussnaueenlsimdniuansnatuegnednnu
Tneudiudlonsedn fupaGoueonlest (Ca0) WWussiUsznoundngsiisioras 64.24 Fiianeulneenlus (S0,
HuosiUszneusesiosar 13.96 4 Ca0 MU SIO, uienfuagldmsusznaundn fe losuaadndaing (C.5)
wazlauradendding (C,S) Frzteiauniidednlussozidudulagsraraninudifu (Sethabutr, 2003)
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waznsiiTanoulaeenled (Si0,) WuesAdsznounanievay 65.18 wazlunsuiiivsuwsanila Ao
Tnidsuoonled (Na,0) waglnunai@oueenled (K,0) FaTmasanladnanneliintymizeswjizen
damla-8an7 (Alkali-Silica Reaction, ASR) winldufaduianusza egslsAnunuindevauioud
pndnfsme awsdndiuuffeedleaiiin (Pozzolanic Reactivity) Tunmusifenifufitisdudimsuenesh
é’mﬁmmmﬂﬂﬁﬁ%m ASR 16 (Dong et al., 2021)

M19199 2 BsrUseneumamiivesianussany

a9AUTENaUN AL foueslamniwiin

Yuduudlansedn HaUAD

Fanaulpeanlyd (Si0,) 13.96 65.18
avgililuneanlyn (ALO,) 2.99 2.45
loseousenlud (Fe,0,) 3.32 1.06
wpa@eweanlas (Cao) 64.24 20.52
wunddeueanlen (MgO) 1.54 1.89
lwisnoanlyn (Na,0) 0.03 5.93
Inuvadenoanlys (K,0) 1.10 0.57
Fawlaslnseanled (SO,) 3.87 0.10

NN TATIEaUsEneUmMIsTegluguresnEnue syuBudlensednuazsaumunaziBen
#helrdes X-Ray Diffraction (XRD) feguil 2 warguil 3 nuiuliudlensednilassairadundnegnedniay
Tneilgn Peak Intensity wiudnflaniiys 2-Theta 29.47 Gansafuus Calcite (CaCO,) wagilym 32.26 asarfuus
Hatrurite (Ca,Si0,) Sahududdnsonisianiadsdnveauasims (Wangbooncong, 2022) Tuumeinaui
upazideauansdnumnsvhdudunirdlugisuy 20 81 35 o3 Fadsdadassada@anuuvodugu
(Amorphous Silica) (Navaneetha et al., 2025) usiagslsinu darsusingeeaunaudeurivey lnenu
Peak Yaaus Calcite i3l 29.46 uaxl3 Quartz (SIO,) Tl 26.65

6256-1; GU C = Calcite
6400

H H = Hatrurite

3600 — \

B = Brownmillerite
’ E = Ettringite

\ G = Gypsum
1600

400

30 40 50 70

Position [°28] (Copper (Cu))

60

JUN 2 msdaseiasusznevluredinilundnves)udiuudlansedn
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6256-3; Glass powder fine : GP-F

C
3600 | l C = Calcite

Q = Quartz

1600 —

400 —

T T T T

10 20 . 30 40 50 60 70 80
Position [°28] (Copper (Cu))

JUT 3 mslasgiansusznevlurediilundnvasmeuiiunaziden

NNSENIRNULTeMATeLBLAlansedn nauauden (GPF) wassauiuaveu (GPC)
shendesgansmiidnnseuluudensin (Scanning Electron Microscope, SEM) fifawens 7,000 i
wuh oymavenufundlansednisuidliuiuou Wusdemm waeiuiugesy Turnefinuiunasden
Ténvaztundauiaaza susdliuiuey wnidumadn  waednmsnszaesliahiane dusuiumme
Hutuuanudensu fveuay wagiufinugusy (Uil )

men 29.6 urm 7 000

(n) YudBudlansedn () WMUARLLALN (A) KALAIUANEY
sUN 4 A ey SEM Maswee 7,000 wih vesdanuszany

nan1snaasuAmantAnenen nvesianililunuide laun Yudwudlaasedn ne
HILAIUARELEEA (GPF) WagkaunIuAneIU (GPC) dausznaumealugdanindaziden wuineaunia (D,,)
waz (D,,) $oUasNANIUUATINTINIATTIUUOS 325 UaAINANTUINIG AIN1SI9T 3

M1319%1 3 AuauTEnaneamvesianililunuidy

< Tupda D, Dy, FPUaTAIUUAZUNTY  A2INEDS
’ ANMuazden  (mm) (mm) UINTFIUBS 325 g
Yuduudlansedn - - - 34 3.13
N3¢ 2.65 0.67 0.20 - 2.60
HaLIUAazLBen (GPF) - - - 33 2.50
HILAIUAYETY (GPC) 2.56 0.63 0.20 - 2.53
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2. msnagaunsiviaun

Anslvausivesiiegafaguil 5 nuiwednns CT fiinslvaudiindewinfuiesas 110.42 way
firgefigalunesans 5GPF-5GPC Ai¥opay 111.83 agslsfmu Ansinawsiivuliuanasmudasdu
MsunuuBuieruiusasBen (GPF) waynswuivedensuiuaeny (GPO) Ay Tasuesns
15GPF-15GPC Sifnslnausimiignuinduiosay 106.75 siidunaunanaauiiiinnuesBonguasiiug
fasumizann dswalmAnanudosmstilumsvdedufineymaiiadu vilfmnuniavesesmigiunas
Amannsalunsyinnuldanas aenndesiunanisvaaeutes Li et al (2022) fllsvihnsAnumsldnaui
thinuuiiyuBendluiesns wohideruneeynavesauiidngs fufinveseumeaniiuty iuiladondn
fvlsusinahideddifintu uasdsualimnisinauivomeimianas

114.00

111.83
112.00 —

110.42 110.67

110.00
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JUN 5 nslvaurvewesnig

3. NINAHBUAIAIDA

MNnnsAnnAuaTRsuhdavomedng Taednsunuiiyudiuudsmenauiunaziden (GPF)
LazuUTinsefeniuanetu (GPC) saufuludnausie q dausdesas 5 de¥osaz 20 Tngtmin
aansneAUTENan NI lARITUR 6 il

TuthsengnsuniEudu 7 Fu wedms CT fiidsdnegi 28.07 MPa iofionsansiogaeims
wuhanlng it ddasniuesnns CT Tnsawzuesims 5GPF-20GPC Tianauvidoifivs 5.87 MPa aenslsfay
we$m$ 5GPF-5GPC fhnardsdnlndiAes wedm$ CT 7 27.52 MPa Bauandliifiuinnsunuinaumuinaes
TinsenumdssnEuduegaitoddy

deongmatufiutudy 14 u wedend CT Smsimuddafiutudy 30.35 MPa vafidiuna
Falirhdsdasnlutiousn Wy wesi3 5GPF-20GPC Snswaunidsdnegnedifoddydu 20.74 MPa wenanii
wedn§ 20GPF-5GPC Tdsdnda 22.84 MPa awvioudsdvinavossiiunaziden (GPF) AFuyUfizen
dloszarnaniuuuty

florgnisun 28 Ju uefnf CT Tidsda 31.82 MPa Taswesang 5GPF-5GPC fiidssngaan
35.21 MPa waugiiue$m$ 5GPF-15GPC uagwasnn$ 10GPF-5GPC fifdtdn 28.87 MPa uay 25.54 MPa
?fmamﬁqmiﬁmmﬁﬁaémﬁLﬁusﬁuﬁaLﬁaﬂ'«JWﬂawq 14 Yu madfivtuvesdsdadunainan 2 naln fo
wawunazden (GPF) duianfuduiidivandosinesnely (Filler Effect) sivlwlassadrednuiunay
anANuNgL MmugtuUFiReUenlsaiu (Pozzolanic Reaction) amedugulu GPF vhufisenfunaaden
lansonled (Ca(OH),) ity C-S-H Wi s 2 nalniFsdaeliuedmifanuiiuuiuuas fuussdaldgetu
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40.00 40.00

35.00

30.00

25.00 25.00

G745
2000 . 20.00
D145y

S28%u

15.00 15.00

dusednuszdeiads (MPa)
ffausedausziviofs (MPa)

10.00

5.00

0.00 -
cT 5GPF-5GPC 5GPF-10GPC 5GPF-15GPC 5GPF-20GPC cr 10GPF-5GPC 10GPF-10GPC 10GPF-15GPC. 10GPF-20GPC

(n) MADAVBINBSAS 5GPF (1) MAWBAVDINBIANS 10GPF

7 GPC %owaz 5 @i 20 7 GPC %awaz 5 @9 20

40.00 40.00

35.00

3000 | 2807

25.00

ariu

o7
20,00
B1adu

Q285

O1a5u

G283

ffausedausyieiais (MPa)
ifausedausedeiaiy (MPa)

B\l

o 15GPF-5GPC 15GPF-10GPC 15GPF-15GPC 15GPF-20GPC cr 20GPF-5GPC 20GPF-10GPC 20GPF-15GPC 20GPF-20GPC

(A) MAIDAVBINDS

A5 15GPF (9) MADAUDINDIAS 20GPF
71 GPC Saway 5 04 20 71 GPC Saway 5 94 20
JUN 6 MAdnveNesnIsTeNynNIsuN 7 14 uag 28 Tu

4. MINAFBUAMUNUINLY

NANSYIAGOUANNVLULYYBsI NI TNy 28 Tu wudiwedind CT dammutugsgaintu
2,112 kg/m* vauzfiseiniffnsunuiiyudiudsenauiiunaziden (GPF) wazumudinsosenauia
uAnEY (GPO) it fmAnunuiiuasawudnd UM s mswififisdy Tetoss 5GPF-56PC
Tammmwiuiiy 2,106 ke/m’ GadimlndiAgatuiedos CT uagaedm$ 15GPF-20GPC Smnuvunuiiusign
Wi 2,073 ke/m* Msanasesaimmnuiudsnadunamnanmauiiimeuasd umnemninyudiaud
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Abstract

This research aims to investigate the physical properties and durability of eco-friendly clay sculptures
incorporating waste shells using different surface coatings. The study addresses the vulnerability of
flour-based clay jewelry and souvenirs to moisture damage and fungal growth. The experimental
procedure began with preparing clay specimens from a mixture of glutinous rice flour, cornstarch,
and mussel shell powder, followed by molding, drying, and surface coating with acrylic lacquer,
epoxy resin, and polyurethane. The specimens were subsequently evaluated for color properties,
surface wettability via contact angle measurements, and durability through simulated practical use.
The results indicated that all three surface coatings effectively increased the water contact angle
on the specimen surfaces, thereby reducing wettability. Polyurethane-coated specimens exhibited
the highest contact angle of 86 degrees, demonstrating the lowest wettability. Although the
polyurethane coating slightly decreased the lightness value (L¥), resulting in a darker appearance
compared to other coatings, it significantly enhanced durability by reducing specimen damage by
40 % after 15 minutes of cleaning under ultrasonic waves compared to uncoated samples. Consequently,
the application of surface coatings effectively improves moisture resistance and preserves the quality

of shell-based clay products.

Keywords: Waste Shells; Clay Sculpture; Surface Coating; Water Resistance; Community-Based Waste Management
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Abstract

This study investigates heat transfer behavior within buildings under steady-state conditions by comparing
the performance of five types of window films: metallic film, black phosphorus fitlm, clear heat-resistant
film, safety film, and ceramic film. Although previous studies have examined the properties of
window films, there remains a lack of comparative analysis under a unified numerical model combined
with economic evaluation in a tropical climate context. In this study, the Finite Element Method
(FEM) was applied to analyze the two-dimensional temperature distribution. A numerical model was
developed using the C programming language, and the results were validated against simulations
obtained from COMSOL Multiphysics. The findings indicate that the ceramic film provides the most
effective thermal performance under the given modeling conditions. It achieves the lowest inner glass
surface temperature of 35.12 °C and reduces heat transfer through glass by 31.67 %. From an
economic perspective, the ceramic film can reduce annual energy costs by approximately 929.39 THB,
lowering the electricity expense to 2,005.51 THB per year, with a payback period of approximately
3.87 years. These results suggest a strong potential for cost-effectiveness under the model assumptions.
However, the model considers only conductive heat transfer and does not account for convection
and radiation effects. Therefore, the results should be interpreted within these limitations. This study
contributes to bridging thermodynamic analysis and economic decision-making, supporting the

selection of materials for energy-efficient building design in hot climate regions.

Keywords: Heat Transfer; Finite Element Method; Building Window Films; Energy Conservation; Economic

Evaluation
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Tnenansidedlinduin nsfnss PCM Uinaiiuluvesniaunsaninnmswoundawgamailildognad

[

UsgdnEan (Zhou et al, 2021) uavdrgangangiiniglueimsluanznisinnuasdlaegadideddy
(Baskar and Chellapandian, 2022) agndlsinu wmsmssnaniasndayiudedindusuuuasanududou
lumsfede Tulssifuanuusiuiiwesuudiiaes msfinvidaiouiisussninessdou’ FEM uuvaudi
fukansnnasassd i faniifmmatiaradeugsdauduiudedduuuhassauifiolfldnadwsid
ANMITBIRSS (Mayer et al, 2014) Iuﬁumxﬁmsﬁﬂmﬁuizqdw Usngn1sainisniaueu (Convection)
melufuiusuemesiunmadnsenisnszresuesgamgl Tnenarmansnislaveseneheanusiusy
vosgugillsegeditudfny (Chen, 2023) nuidenansadulald FEM Tunmsieseinisgadeninusou
FuBIAUsENEUTBINTOUIAMS WU Tassadawillsl (Timber Frame Structures) sensnsnvhunemsnszang
A Teuuaynsaaydenaanuliogiasiugh (Valachova and Skotnica, 2019) wifihniidereunihazaseungy
N5IATIEnsaemanieulue1Aseg1en e wdmudn nuldeduiuningadunisénuilay
wiazUsziamuendy vielditoulumsdassiuanmeiu ililianansaniouiiisuanssausldetradussuy
LazIUIANITYIUINITIENINNMTIATIeRTsdnavaese loudsinludieduud (FEM) dunisussdu
AuAuAdLasegmans nolangluuungioniawniou Ssiinasionsenslindesnuedelifod iy

Sy ATeilimgusvasdifie 1) Anvnginssunismemanufeuniglueasnelianmeasin
(Steady-State) WoRndsmldunsosuas 5 Uszim loun Tdedaulave (Metallized Fitm) fiduuudnveanasa
(Black Phosphorus Film) fdulaiuaiussu (Clear Heat-Resistant Film) Wdufisiy (Safety Film)
wagflduws1dn (Ceramic Film) 2) Yssgndldsuilouisinludiediuud (Finite Element Method: FEM)
Sfusuuassdaiarinautussldsunsuneninmesaien1vd (C Programming) ie3iAszat
NNINTEALRUNONLUUADNIR kA 3) UssiliuanuAuAfuasugranswayssugaAuny (Payback Period)
Sradengudeyermtitendinulniheed seinAldsdunamugeuanugnismesuuaesdehian
(Numerical Model Validation) Tnaw3euiflsunanasiugeniuis COMSOL Multiphysics iiiodaaszi
HunmefoRmaimnssudmiunmseenuuueaseyintndsnuegedbu Tuvasifioaiu iAdel
fduthodududesiamannslushumaieudsuiandliuuiaesdsaufoniu uaznsdosles
wadnssgnmmamansiunsiaauladauasugeans egndlsfiny uwwuisedumAteifnsanamsnsth
anufounieldanizasia wazlildmunaveanismanuiounaznsunssd eoradamaroninuusiug
lunsussyndldanuas

A5 UN5IVY

1. LLUUﬁﬂaas‘l‘Vl'Nmsm’IwLLazﬁsJu?lg’lmJamUUﬁ'lam (Physical Model and Model Assumptions)
nsfinyERnsaLuUSaesiongluoimIun 3 x 5 was Safufummesiiuilinuihly
Tuormsiinends siintisiosgnasnidlindutanieifies (Homogeneous Material) fillautAvsnudounsi
wazliulstiunuanmgl fuindumilmesiostmualiidunssaniifaditdunsesuas dmiumsimusanme
voauvuinaes gumgineluviesgnivualiasif 25 °C dladassanizvesiiufiuivoinia Tuvasi
gampimeusngnimualin 39.81 °C Feflellurdhunuesanvanmgiigeanvestisggioululszmalne
§9Banndeyagungiigsgaiedsiinusmainaninsaianagndenineg 131 uisisema (Thai
Meteorological Department, 2025) ﬁﬂéﬁﬂéﬂgﬂiﬁﬂuﬁaﬂmauszm (Boundary Conditions) &u3un1iATIEN
nstemanueululawn Jsrseuaguiiarsanfldunseanasdiuay 5 Ussian ldud fiduedoulans
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Wauwudnoanieda Tiaulatummideu Waudsfe uasitdmaniin TngautFmamiuiouvesianiilunisiians
lawn An1su1ANseu (Thermal Conductivity) AMunUILLY (Density) wayA11gAUTBUTINE
(Specific Heat Capacity) fiamnsnant 1 Tnedeyaiananinsdamnmssansaiifendes ielriidsluammanhdetio
goalwesililunuuians

A13199 1 audaneanuseuvesiannlilunisinass

Arduuszans , AU
- . Y ANNRUILUY, Y A
&0 N15U1ANNTDY AUTOU HURID199
p (kg/m3) o
k (W/m-K) UNW1L, Cp (J/kgK)
NUIABUNTA 1.40 2,300 880 Incropera et al. (2007)
N3N 0.96 2,500 750 Incropera et al. (2007)
Waumdeulany 2.50 1,400 900 Lampert (1981)
Hduwuanvieanesa 15.00 - 30.00 2,690 700 Luo et al. (2015)
(Anisotropic)
Wauladuaudou 0.03 120 1,000 Fleury et al. (2020)
Aaudisse 0.20 - 0.40 1,200 1,000 Incropera et al. (2007)
auws din 1.00 - 3.00 2,500 800 Callister (2007)

PNATNT 1 wuAdunseuatdazUssianiauinisnnnuseuwananaiueg 19 iveddy
Taemesianmlugredennmauasgsumsiemerudou ngluduvesiiduisiolfsdanaudi
manudeuInsIuTesngu Tannedwes (Polymer Data) dhutanfidudugstmunaingasafisieay
luassanssuiieliaonadestudnuaznisnmuesian sanisiasaniidladumiudouiidmnisimmson
iilan Faawvioudsdneninlunmsminanudouiaeldnalnnisiauieu Turasiiduwuinoaloda
fmnshanueugiigniflesnlassairauuuseulelenseln (Anisotropic) ddlurmAduilldfasandutas
deagviounistnewmanudouiitutufiang (Luo et al, 2015) Anuuansswesautiganandmalaonss
sengAnssunsanewmanuieulunuuiass egnlsfiniu nadnsmisgninnunmelfauufgivaniieasin
wagnalnnstAuSouveILUUINaes

2. WUUTIARINNANAAIEAS (Mathematical Model)
2.1 dun13AIuAl (Governing Equation)
iiotiszvinisaemardeunslulawuaesdiinigldannzasia muslvinisaiom
amnufeuinannalnmainfissegnufien Jeaansnesuieldsheaunsaunu faunsi (1)

V-(kvT)=0 (1)
oy
T fe  guugil adumidla 9 Tulawu (°0)
ko #e  duwszAvSnisihnnuieu (Thermal Conductivity) ves¥an (W/m-K)
v fe  feuwdlunisinsiieun (Gradient Operator)
v. fe  diumslanesioud (Divergence Operator) iofinsannsdlianiiowi

wazaudinauiounsiiliulsdunugumgi aunisi (1) awnseangy
Juaunisanvaw (Laplace Equation) dwsulamuaesdils feaunisi (2)
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VT =0 (2)

2.2 @UA15AINISUNSANSAU (Thermal Diffusivity)
nMlasginsanudeuvesianaunsaesuilamemnsuniainuiou AU (3)

o= (3)

Taofl
AINITLNIAIUTOUVDIIER (M/s)
ANUNUUULYREIER (kg/m”)

c, ANMUTBUIUNITYRTAn (U/kgK)

2.3 Weulvvauwa (Boundary Conditions)
Tumseszilawulgminisaismaiuiou wuvitassilamuuatoulansadnaians

Bailandld 3 sUnuu (Cengel, 2002) Fan5199 2

A15719% 2 Heulrvoulwnveanuuinaes

YDULWANIINIYNIN Usznnidauly gﬂwwwm’iﬂmam% ANINIUA
Ranszanifniay aa e T =T, 9NBINAIAIUIN 1 36
N n3Lan (Dirichlet) X od e

21nAngluving T =25°C WuUNUsuaINA
o A v o & aT o . .
HNUIDUYDINDY Ua8NUU (Neumann) a—zo HNU9RUIU (Adiabatic)
n
ANTNWINADUNIBUDN N15ADSTUVDURA T, =39.81°C N - .
VOYANTUYAULNINE

(Boundary Parameter)

et n LmumLmaﬁuﬁﬂmaﬁmﬂﬂﬁ’uﬁuﬁwauL°um (Normal Vector to the Surface Boundary)
Feulvweuwadsmnsal 2 gnimuaileunuannznemenmeesszuy Tnsgamgiinngluieataznieuen
gnivuaudeuluuuuiuad Weaziouannzashuesiuiiviuenmanasanmandonnisuonmuaiy
yauziisnudugnansAliduainumsseunuiouluuuuuossiul ﬁm%”uﬂaﬂﬁzﬁmﬁaﬂﬁu’ﬁ\lémhqmmﬁ T
grlfidusumuvemansenuanildunseauas Tagldannsyszanaranuuusiassnisihanusoundsdi
(1D Analytical Solution) Hietheanarududeurestymlunuuiassaodin
2.4 [eulvudu (Initial Conditions)

Tumengimanszasanunginelianzash wuhaessdshiaviimnmenmofidusu
ietaelunmsgingnaeanideinay TnerEudusinanlillifinadermaasgarelunsdianinzasiudil
unumlumsdanafsnmuesnszuiumsnun lumsinuiimegumgiiffanszannevdinshasdida (7,,,)
griwrlfiduiussnaBudiu Tnedrdsmnuanandinszivosnsimiuieuuuniedd easviou
nansynuvesiidunsosuadlussduloniu wamsiinanannsafiasanldindunsdesloauuiaes
(Model Coupling) sewismsieniddiinseinildfuarnssiaeadeiuavansdd egnslsfiniy n1sfue
RN . Tugnwarilufioimsuszsanasielunssuiunsdn warhilfuandinissaesdnisnm
vosflaslulawulnenss ReulvGudunsadnmansannsndeulddaunisi (@)
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T(x,y,0)= T i (4)
lngpvesuuil T, dviuilduwsiagssinnawnsnd 3 faevieunnuuansiisvesautini
AuTeuvesian lurazifgiiuauuanddainanaIsgniiansaniuiulediiavesiuuinass eswin

WUUTAIRNTURNIZNaLNNTTENAMNSDY waz Ul UNATDINITNIANLSDULAS NSNS I

A15197 3 QOUMY) Feuidunseasarlddutoulusudy

Uszinnvasilaa gaumaiinieuan (°C) guuiviasiuiau 7, (°C)
Waupdoulany 39.81 38.60
Wauuwvanvoanesa 39.81 36.37
Waulanuanusou 39.81 39.80
Waudsdy 39.81 37.07
Wauwsadin 39.81 35.12

3. nmMsUszendldszleudsivludieduud (Finite Element Method: (FEM)
LﬁaLLﬁaumimiﬁwmm%auiusﬂquammi@aauﬁuééaa aunmsmupugnuladlvieglugUaunseeu
(Weak Form) IﬂEﬂsUSuLU&IU’Jﬁ?JENﬂ’]LaE]iﬂu (Galerkin’s Method) GJNLﬂuaﬁmmwﬂumiaLﬂiwwma FEM
(Reddy, 2019) fisamns? (1) thilsfuthmiin (Weighting Function, w) ﬂmmaaqmwmammi wagyinns
durnInuulaL Q azlmmammsw (5)

[owV-(kVT)dQ=0 (5)

niuldmainnsdufitnsnfiazaiu (Integration by Parts) aglanaansasauni1s (6)

[o kVw-VTdQ - [ wkg—le“ 0 (6)
e
kK f® é’mﬂizamémsﬂwmm%@umaﬁaa
w o fe dleuthmin (Weighting Function)
N, fie #leAdugusne (Shape Function) vodlvund i
T, @® qwgﬁﬁimmﬁ i (Nodal Temperature)
Q A lewuvestym
r A veuwsvaslaLy
fio

nneiranfuiiuinveuin

watiuvsuwavedlaudsannisil (6) gnimuamuieuluveuniiszudamsied 2 Tnsdeuls
wuisadgninUldlunsivuadgamaiifianszanuazernmaneluries daudeulvuuvussinlgnld
wnundisfiduauaueudou Tussfeuimaaeshu duualiflaiududndawhfuilddusuig Ge=N,)
msustnagamgiinnglutediuud (1) annsadeuldiaunisi (7)

n

T(ey)~ SN (e )
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1agn
N.

l

Ao fleiduguinevedlvuad i
Ao wulnusalueduug

Weouraunisi (7) lunueiluaunisgusuueggeun avlassuvaunis@adulugdiaming

n

Feaun15N (8)

[Klr}=1{F} ®)
Tngi
[K] A9 wvBnganmidiamiau (Thermal Stiffness Matrix 1130 Conductance Matrix)
{r} fo  wnmeieumall as nua (Nodal Temperature Vector)
(F} @0 wnmein1sznienuseu (Thermal Load Vector) @adunaunainouly

Yaurnvastgymi

aun1sAanakansisnNuduiussynitanisnszneganginglulamuivandinisauiou
vosTanuardoulvveuwmiiimun dwsunisairesnndneg (Mesh Generation) Tniuuweadgmgnuiesn
WuiediigUanviaen (Tiangular Elements) Tneldileiususnadadu (Linear Shape Function) 43ia 3 Tstua
ADLDALIUA Gqummzauﬁm%’umﬁLﬂiwﬁﬁzy}mmsﬁwmm%’auamﬁﬁ (Reddy, 2019) n1sidenyfinved
audARIna1TelansnUsEInuensnssegumgiildeddeiilesnglulaum uazanaududou
VBINIAUINY

4. Fupauisvesiusunsuniend (Numerical Algorithm)

nuASeElitauUU e sund Wevnanasvosaunsiiludiedius Tnefitunou
BiTedLaY (Numerical Algorithm) Feseluil

fumeuii 1 nmshidhdeya (nput Data): tvusfithvediviun (Nodes) fayan1sdelouofius
(Elements) wagauUinisnuiounadian

fumeufi 2 msadaunssEAUEALILR (Element Formulation): Srunausnindanimihaudou
JEAULAIUA (Local Stiffness Matrix) dmsuyniediuudiulamudym

Sumeuii 3 ysanmsuvindsziuedunddndiety Weaiaarindanmihenudouresszuy
(Global Stiffness Matrix) fsanisii (9)

k)= Y] ©

Tunaud 4 M3Uszendliiioulsvouin (Apply Boundary Conditions): USuanguiuvidndves
svuulvaenndasiudoulvvauiwnnisnnufouiiimun

fumeudi 5 fdunismraasvesauniauningd (8) lasdszgndliinsinsgideiaey
WUUN13AN9AYeLNIE (Gaussian Elimination)

Suneud 6 nsUszInaNaMEnds (Post-Processing): Uszilumoamall o usaglvun wag
LAAIHALUIURUUMNLN NSNS NI Rl maé’wéﬁﬂismawalﬁf\]’miﬂsl,lqumﬁ agnihlumuaey
Angndes (Validation) Taerfeuiiisufunainasaneemsiiag COMSOL Multiphysics LiteBufummniietio

YouuUTIRBIAdinaans Junawisinaaunsaaiuunnianisyineu (Flowchart) 1adsgud 1
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/ Input Data /
[ Mesh Generation j
[ Element Formglation j

lm,

[Global Assembly (From Local Matrices)]

[ Apply BCs J

[System Solution (Gaussian Elimination))

[Post—processing (Temperature Distribution) ]

[ COMSOL Validation j

End

U 1 dunouiBidsiniavveansvssgndlisndeuTBlnlufiodans (Finite Element Implementation)
Felusunsunu® Ssnsounquiausimaidndoya n1sasiemnane nsUssneuaums nsUszgndld
Meulvweuwn Msudszuvanns wagmsUsznananadns weunsynuaoufusensiag COMSOL
Multiphysics

NANISI8Y

1. AIMIUFBULALATIAAIUANNYNADIVDIMUUTIADUTYeANaY (Verification and Validation

of the Numerical Model)
iioUsziiuanugnieuaraudeievesiuuiiasadeiiay mAdeilldnaaeumunudasy
29991118 (Mesh Independence Test) 1ngfiansuIAIUALIBUATDINNUY 3 SLAU bALA AIUIERLIU
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(Coarse Mesh) Usganay 1,500 tediuud a1¥18U1unae (Medium Mesh) Useanad 5,000 todiuus
uazaEaziden (Fine Mesh) Uszanas 12,000 wodlsus wanisdiaessisgud 2(n) dadumnudiiugsening
Agamgindsnglulamuiusuueduuinuiidehuumedsndfutuimoungdflétuunthgdgeasd
TneenfilsanmieaziBondaviniu 35.12 °C uaggnlfifumanmsgiug1sds (Benchmark Solution)

Tunsdlvesmtnesziuviunans wuidmgumaiuanseanAsnnsgiuesninfesas 0.5 deg
Tunasifiseusuldlumdmnssy  Snidilvianuaunafivansausswienuusiuiuasnailumssiun
faiu nuieitadenlindessiutiunandunsiieneflunnnsdfinu felifodssiiungfinssunsgidn
YoswaLRaniaay IfnamamnaanaeudLmS (Relative Error) Tnetfiouifisuiiuaunsgiusneds
NneTwaziBen deaunsi (10)

Error — ‘Tmesh - Tref

x 100 (10)
TrEf

Tnei
T, fo  Agamgiiinaiisasden daidudnnnsgugieds
T A0 Agamgfiannmdnefiiandieudio
mamsmaaumﬂgﬂﬁ 2(%) ﬂqsﬁﬁqwqaﬂﬁmmi@jL%wsumwal,aam%qgmam (Mesh Convergence)
TnewunmeuraanasLdITImEanaEwoLissUsKATUAUS aUEALUATLTY etmeunananEou
Ianasanievar 3.08 lulaswneseduneudiosay 0.51 TussauUunans uasilengiinlnaaudlulasae
sedvazifon dadunstuduatissnnuazauiiugveanuusians

36.4 3.08%
36.20 — Interpolated

36.2 1 —o— FEM Result
--- Fine Mesh Reference 10° 4
0.51%

10" 4

()
o
»

Average Temperature (°C)
&
[
Relative Error (%)

35.0 102 4 0.00%
2000 4000 6000 8000 10000 12000 2000 4000 6000 8000 10000 12000
Number of Elements Number of Elements
(n) MIginvesgumaiiinge (¥) MIgeinvasAANNARIAARDUFNTNG
D UIULD AU UAALTY ANUNNTANAINALLDYAVDINIUIY

JUN 2 manageuanududaszvesntieuaznsgiivestamasiesudeuisinludeduud

ynradnanazulan wudaedirududaszanuuinnitie (Mesh-Independent Solution)
melfseiuamnuezdeniidonld wazuansfuafiosninveaisiBeinavivanldlunisdiunuenaini
Suueduudiintuiidmalnonsediuiulmnnelulau Fadusumisilflumsdungamgiiua
asensminsnsyaisgamgl dafu WemuazBeavowndneaifistu Sualnuafiinniuastislfaunse
Ussanaansnssgumnildasideauasseideannty dwmalidunsmiienuidsuuasiuuligdng
ApsTiogediman anuduiusiinadenadesiuunufiniudeu (Temperature Contour Map) WUU#eiA
FeamnsouanisvasiBenvasnisnsznegumgiludsiuilédaauieduaeldmdrsifinuasBongs
wararviouiadvEnaveIn1skUslau (Mesh Discretization) siopnusiughvesnainaglusslouilnludodiuu
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2. NNINIUAIUANYNABIVRIUUUTIARAUFAINAUTU COMSOL (Validation Against COMSOL)
mu’%é’aﬁlﬁmuﬁam’mgﬂﬁawENLLUU'«i’”uaaaL%aéT’aLaﬁuLﬁ'mau TS U UNAAWSINLUUTIADY
Faaviinuntuselusunsunendtunamasangeniuas COMSOL Multiphysics FegnliTugiusneds
dmsumsiaseimessiouiinluieduus  Msusediumudenndesamraansmiiunisinensiuseuiieu
rgamgilunsiasiuun (Nodal Temperature) melfanmesasih wiouidiaeimuduiusidadu (Linear
Correlation) wagnsnsrarefesAAuAaTALARoudIYsal (Absolute Error Distribution) faguil 3 uag 4

—e— Metallized film

40 - [—— Black phosphorus film
—+— Clear heat-resistant film
—a— Safety film

—=— Ceramic film

38 1

W w
B o
L i

FEM Temperature (°C)

W
N
s

30 1

28 T T T T T T
28 30 32 34 36 38 40

Model Temperature (°C)

JUN 3 anuduiusvesramasguniiseninwuuiasdasiuudtaasinluefiuud

MngUTt 3 wuhmgamgiifldnuuueesdsiiauiimutusmelusunsun e Etianudius
Faduiunadnsann COMSOL Multiphysics aghsdmiau lnenanisanassiladunansliiunsseiu
ANuEBAAGDATIgY (Good Agreement) sewhaaaod sUssiudseRRsmuhmenuRaaedeuRRudysal
(Mean Absolute Error: MAE) uagasinfidesesanadsiddeasnunainnday (Root Mean Square
Error: RMSE) fidnsin anigfiAnduuszandnnsdadula (Coefficient of Determination: R) fifdlng 1.0
sagiiouisrnuaenadowonltimadwsneliteulvveauuudians

NAN1INTTINBVBIAIMNLAAIAAABUFITURA 4 NuTAIRILANEsYeIgungTlulsasInug
oglutasishann wodnsTlsidhamunmaeReuvssgamaiifinilfeglureuimes Engneering Tolerance
LazaanARoITUNTOULLIAANTITUTZIIUAMU LWL LLAENITATIAABUAIINYNAD LTI NAYAILLUINIG
993 Roache (1994) wadwsfnamasvioulimiuihdanesiiuuaznszuiunsuszney wvisndlulusunsuniwnd
firnuiafios uazanunsolyinadwsiiaenndesiu FEM Bandvdldluseduiiumela

maBsuifisunsnssasanmginusumiduun fsuil 50) - () dwsuitdunsomuani 5 Ussnm
wandliduiuuiliuvesnsmaniaesiiianuaesadesiuagnedaau Tasaain COMSOL fuudltigent
dndogludrsduvedlawy wazduvuldugdimiuludaats woRnssudnanaziouiisnuaiusoves
wuudnaedlunisdaesnisiAsuuasgamgiluBeiuil (Spatial Temperature Variation) léegnsaenndoaty
HALRAEAIN FEM Jangivd

I@&laiﬂmsm%wLﬁaumaé’wéivw’mLL‘UUfSﬂaaqL%qéhLamﬁﬂ’wmﬁuﬁ’g&JTUsmemm%LLav
COMSOL Multiphysics wandlifuiivanuaenndosiiludeSinauazdailia Seifuayumunndeioves
wwuhaeudsiauitinutudmiunsieneinssemeudowiiidunseuasmelddoulyiitiun
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—— Normal distribution
—=- Mean = 1.08 °C
~~~~~~ o=047°C

7

2]

1

N
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Temperature Error (°C)

1.8
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40
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3. MIAATILNNTINTLNYYUNYAWUUADER (2D Temperature Contour Analysis)
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(Thermodynamic Performance Analysis of Heat Transfer through Window Films)
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Abstract

This paper presents a semi-analytical formulation for the free vibration of functionally graded shells
with eraphene platelets reinforcement using improved first-order shear deformation theory. The effective
Young’s modulus of the functionally graded material (FGM) is determined using Voigt’s model,
while the effective Young’s modulus of the graphene platelet (GPL) reinforcement is predicted by
the Halpin—Tsai micromechanical model. Additionally, the effective Poisson’s ratio and density are
calculated using the rule of mixtures. The governing equations for FGM shells reinforced with GPL are
formulated using the improved first-order shear deformation theory (FSDT). The equations of motion
are derived using Hamilton’s principle, and the numerical solutions are obtained through Navier’s method.
The present results demonstrate excellent agreement with various shear deformation theories
reported in the existing literature. The numerical results indicate that the FGM shells reinforced
with GPL pattern B yield the highest natural frequency. This is because the maximum GPL content
is distributed near the top and bottom surfaces, where the normal stresses are highest. Furthermore,

this GPL distribution effectively satisfies the actual normal stress requirements of the shells.

Keywords: Free Vibration; Functionally Graded Material; Improved First-Order Shear Deformation Theory;

Micromechanical Model; Semi-Analytical Formulation
o
UNUI

Tnssasnadonus (Shell Structures) iilassadnanfinistinuiumegsenuuiesaniissansamgs
Tumssuvuussnseyhluguuuusg o wazansnsaivusgunsdlsnuinguszasiveansiinu Tneamnzoened
Tugramnssuiveddfuduiifiarududeugs (Zingoni, 2015; Jiammeepreecha, 2017) Ftiunaidenldfan
Uszianlelensoln (Isotropic Material) 'e)wﬁ%a"wﬁ’m‘uNUszmsﬁﬂﬁ‘lajmmsawmﬁmﬂismfuqﬂﬁ
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1514320 89UsEnoU (Composite Materials) wian1sldtaniasuiduiietasuridelanndn (Reinforced
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fio Tnssasaudonuisuuuaniiun (Laminate Shells) FsazUsznauluieTanuuuldseuiunansduaduiy
(Reddy, 2003; Qatu, 2004) uazlassasaUdenuiwhananiilatRasuuamiurumn (Functionally
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Wwankay (Graphene Platelet) (Tjong, 2013; Zhao et al., 2020; Yee and Ghayesh, 2023; Worku and
Ayele, 2023)
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Hundn Tuvazfleumsdmnssuedonauaznsduaswuinfaqumindazidulssinnlansnay Geazdl
AnAuTALANAIN AN NdUsELABNenTlasA s Fanuideues Ansari et al. (2020) Tngldlany
UszinvmaaunalulanuvinddmiulassaiaunuBsuuniureuindaaduideeunsitumanan (FG-GPLRC
Nanocomposite Plates) fafuianiuvindlunuissifaiinuansiduiaglolansedniteuniiiunsduves
FanuumindUsziandnend aunseita Roun et al. (2025) Ifinaus Tagumindussinvlavgnandiflauda
Wasuasnuaumn (Functionally Graded Material) Middnsulpseadraurudeuulunoulvdnasusas
seunsTumanian Seazlinszuiunsdnuasninneiigendudeunnni uianaAdeluefniiun
wuhilsEnmsfnmndmiunsaiidulassaaddonun SazilmuuanmanmAinneilaseausiEounly
hifte axfinavesnnulfmadnEusi (nitial Principal Curvature) luvaeilassadauEauagiimanldman
Fusudugudtues

dmsumUszasiuesunanuiife mmiiaueaun SR ieTeinisfuaszuedasaiaddenung
vhanTaniitiautRuasuulasmumismunuasiaiuidsneunsiumananlnelinguinsdosuseusadou
Susuimblauuuuuss (improved FSDT) e avsnmvestasiaiuURonuImuusIA N3N
AuepdaBamneulszaviuavesTanuvindussnmlansnaniiianiRUdsuutasmuaimn (FGM) agansnsa
Amnalslagliuuudiassues Voigt (Zhao et al, 2020) luvaizdiTaniasuidasneunsilumanian (GPL)
agfisulaanuuudiasslulasnasansues Halpin-Tsai (Halpin and Kardos, 1976) dmsuasnsiaiutie
warAAMUUIIUUsEAVEHAzAIMlANNguasnNEY (Rule of Mixtures) (Jones, 2018) a1nsAUAL
(Governing Equation) ansnsafienalslaglinguiimsidesusmeusadoususuimisuuuuiuuse (Van Vinh
et al., 2022; Benounas et al., 2024) lngn1snvuaA1AIRnUTULALIILRBU (Shear Correction Factor)
Huilsituiaonadosiudoulvvesmiuidudeusss (True Shear Stress) ilelvrmnuidudeudiuinaiin
nuuenvestassairaudonunsiirdugud aniiilindnnisvesueliafu (Hamitton’s Principle) (Reddy, 2003)
Tunsad1saunsnisidoudi (Equations of Motion) Tesszuulasiasaudenuns warlinssuiunsmeneu
aeuiys (Navier’s Solution) (Van Vinh and Tounsi, 2022) Tunismaaansi@esay (Numerical Results)
Tngrmualyiflsitunmsidosuvedlassaaldenusaenadesiuieuluvesgasesiuegiedneg

o 14 =1
LUUAaD4lATIE 191 URBNUNY

fiansanlassaaddenuinhanfaniiatRiuasuudawmuammiasidiuiasheunsiiumananuug
817 x NI x W WU axbxa faguil 1 Tnefmuslduiomiafuuenan (z=4/2) uazsiluge
(z=—h/2) veslassadradenuaziduianesiin (Ceramic) uaglavy (Metal) iy Geanansodonm
nMswasuauifivesiananlavslumsinnasnanuvuvedasaiidlaglingnisendids (Power Law
Distribution) FaaziilwldadndulaeUsinasvessifin (7,) wavlaves () nturinsasuidaie
unsfumasan (GPL) Tnefiansananeadndnlaeiuinsvesunsiiumanan (V) lneiinariaves v,
V, war Vg, avildwinduniaaue lufidnssuunvssianvedasiadiaddenuisazanunsariile
Tnermuliienesiuszneuvessaiianulds (R, uay R,) vedlasadiauudonunsiiaesdl

x y
1) R, =R,  dwiulanaiulfenuegunsinay lneildnwsdene SP fsgun 1(n)

2) R,=-R, dwmiulasaifonungunsilaiesiudn lneddnyseede HP Asgun 1(v)
3) Ry=w dwiulassaiafenugunsensyuen neildnysgefe CY fagui 1(A)
4) R, =R, =0 dmiulassairausuEeu lneiidnuseere FL fsgui 1(0)
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(m) CY (9) FL
UM 1 lassafafenuivinnndanilauiauisuwlamiuanumnagidsumasigun siumanian

1. wuudassvesianuvsnduszinnlanenauniiauufiuagunuasnunun
TaquvisndussunvlavenauilandfUaeusdamnuniumun (FGM) azanusalienunisiaeula
nlavzlumsdneaeannumnvedasaiidaelingniseninds (Power Law Distribution) Avaunisi (1)

V,(z)=(§+%jp,vz(z)=1_v,(z) (1)

W0eN —h/2<z<h/2 defviey 1 Way 2 wunuautRvesTanwsminuazlany snudau Tuvasi
e p AoALAYENINGIBITANMINING AIUINKUUTIABIUY Voigt (Zhao et al., 2020) Azause
FwMnALendatinveulsEdvENe (E,,) wazanumunuwiulssdnsnag (o, ) vosTanuvindlanaaunisn (2)
wag (3)

Ey(z)=(E, - E;)V,(z)+ E, 2)

pu(2)=(p; = p,)Vi(2)+ p; (3)

v

devies M Aotanuming lunsdliazimusliadasdwtiae (v,) vesianwsinuas
Tanedidnvindu ufe v, =v, =v,,
2. WUUIIR09URITEALENANEIR BN THUNAALAN
U7 2 uansrnsnszanediveansitumanian Tnsfmunliguuuy A damsnszaedves
unsiumaniamashiase (Uniform Distriution) pasamsmnvedlassainaidentns suuuy B Wunsnszaesn
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yosunsiumanamuuuilaidy FG-X Tasaiivinunmsnszneivssunsiumananinngaiiuinaimuuy
wazansgn (z=+h/2) uazanaaduiladdulaley (Cosine Function) sunseiafiandugudfisumsianan
A (z = 0) vedlassadadenune gavhevsduguuuy C Wunsnssnedveawnsiiumananwuuileidu
FG-V Tngaefivsinaunisnseanedivesinsiiumanianiingaivinafiafuuugn (z=h4/2) uazananiu
#lardalalend (Cosine Function) aunsestafiuguéiuinaiasuanan (z =—r/2) veslassaiiaddonun

i i f
hi2 Va hi2 Vs hi2 Ve

i »VerL 0 »VerL 0 >VerL
-hf2 hi2 -hi2
(1) gUuuu A (v) gUuuu B (A) gUuuu C

UM 2 JULUUNSNIEEMYRILNTUmARLaIRaanAULNYRdlATIEI 1 UGaNUNY

NN3UT 2 szannsadinuAndndrulagyiuns (Volume Fraction) ledsaunsi (4)
Vore(2)=Vi(2)-¢:(2) (4)

Tuiil Amualvidviey i= 4,8,C WnUAETULUUNITNTEINLAIVBIUNTHULNARLAN A, B, Loy
C MUAU way ¥, AedndiulngUsuinsnarunvaannsiuwasnanaiuisadenulacnaaunisi (5)

~ WepL [J. "2 Py (Z)}
l ( )_ WapL [J‘ %52 Pum (Z) &, (z)dz} + PerrL (1 ~WerL )[J- fﬁz i(Z) dz} 7

W pep, WAY Wp, AAImNRUILUULazitnveunsiunanan Tuvuen ¢ AoflsAdu
nInsyaemYasnITiuwanian awnsadoulanaunisy (6)

2

bue)=14e)= oo 22 o) 1o 5[ 22 ©

nuuuTaedlulasnaransaes Halpin-Tsai (Halpin and Kardos, 1976) 28@11150A U041
AeaatavgulsEaning (£, ) veslangeasuidwsunsilunananlansaunisi (7)

Ec(z)=§[

1+8nVep () EM(Z)+£ 1+ 8 VepL(2)
I-nVep(2z) 8\ 1=nrVep(z)

]EM (z) (7)

Tuiill Avualiinviey ¢ unusmeauautRvesianlau TiisulUamuanuniEtuiawie
wnsiumanian fviey L uay T wnumeauauiAvresianmuuuiguasiiuiyde aadudmsidines 7,
wer 7, wENTaAUIULARIELNIST (8)

_(Egp/Ey )1 _(Egp/Ey )1 )
- Ny =
(Egp/ Ey )+$&1 (Egpr/ Ey )+,

Uy’
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o E gpy, FAagaavealnsiunanian Auiuamisfivesensadiugunsaveansiumanan
£ way & annsaanalaniaunisi (9)

Sr =2lGpr ' hGpr .S = 2Wepp / hepr 9)

810 Iop,, wop, WAE hgp, AOANRABTIANLET AINNTIY LAEATIMUNTRILNTHLIGRLAY
dmsunsmuamadasauthe (v, ) wazaanumundu (o, ) maﬁaqﬁﬁamﬁ’am?isuuﬂaammmwmm
LEsUARIELNIHUNaALaNIZAINIsAIWINLAIINNHUaINIINEL (Rule of Mixtures) (Jones, 2018)
Faaunnsil (10) wag (11)

v, (z)=vaLVGPL(z)+vMVM (z) (10)
Pe (Z):pGPLVGPL(Z)+pMVM (Z) (11)

WD vgp, WAZ pep AOAERTIEIUTIDILAZAINRUILULTDILNTHUWAALEN 191 AdRdIU
lngU3u1ms (Volume Fraction) vasianumizng (v,, ) waswnsiumanan (Vgp, ) tsiinnuduiusisaunsi (12)

Vi (Z)+ VGPL(Z):I (12)

3. AUN1IANNFUNUSTENINNANUAUTUANATEAVRIIER
AnsidesUredassaiaddenuisannsaioulalaglingufinsidegumeusadeududunnia
WUUUSUUTE (Van Vinh et al., 2022; Benounas et al., 2024) fsaun1s (13) - (15)

ulx,y.z.t)=uy(x,0.0)+ 20, (x.3.1) (13)
V(x,y,z,t)zvo(x,y,t)+zq)y(x,y,t) (14)
w(x,y,z,t):wo(x,y,t) (15)

W18 (uy,vy,wy) FRBIAUSENOUYRIANSEEFUAMIUILNY (x,),2) PEuvaRInasnumLn
(z=0) uaz (p,.0, ) AOAMITVIULLIVINAMULIUAY (x, ) InBTANINAU @, =0u/dz uag @, =0v/oz

=

PMNAUNITA (13) - (15) AWITOMIAIAINFURUSTENINANULATEA-NITATBUAD (Strain-Displacement
Relations) lagaaunisn (16) uag (17)

uy Wy 09,
& SJ(C)X g;x aax Rx aa;:
A% W,
Ew (T 6}} e g}{y - a—)/04_R_0 e ayy e
0 1 ’
Y xy Vxy Vxy 8u0 +% a(px +aﬂ
oy Oox oy ox
aWO Vo
0 "R
vl _Jri ] R, (7)
Vel e |t
ox R '
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PNAUNTN (16) war (17) wanunsalisuaunsanuduiusseninaauiunasnTasian

o =

(Stress—Strain Relations) lassauni1si (18) - (19)

O xx Oy Qn 0 ||éy
O =102 O 0 &y, (18)
Txy 0 0 Q66 yxy
z-yz - K Q55 0 7/yz
el o] e
Wil (@unsit (20)
_ __E(z) _ _E(z)v(z) _ _ __ E(z)
QII_Q22_1_V(Z)2’Q12_Q21_7]_V(Z)2 Q4q =055 =Oss 2 -vz)] (20)

dmsum K, Ferhgaisuusiusadiou (Shear Correction Factor) dslaeynlumamguiinsidesy
desmnnusadeuduiuiivils (FSDT) f &, audumasfiniifu 5/6 (Van Vinh and Tounsi, 2022) @agnui
Arnududeuszligndeadosaindirnuduideuignieadosiidndugudfiduniaiivunazans
(z=+4/2) veslassadraudenuis deduissdudoshnisdmuaddanlfuniusadeuldduileidy
Taonpdestuiioulwesmuiudousts 9nemiAdeves Van Vinh et al. (2022) way Benounas et al. (2024)
Igvunilaiduves &, daunisd (21)

4. duN1SNISAADUN
PAnSNNITYeLEtiafu (Hamilton’s Principle) (Reddy, 2003) 9z@1150&@3 981NN 1SLATOUN

(Equations of Motion) vedlassairadenurwinainianidaudfiudsuilasmiuanumuiwagasunias

' '
= =

maunsiumananlaglivguinindesumeusadeusuiuivilslanaunisn (22)
T
[§lov-ak)ai=0 (22)

Wo SU AoAINISWUSHUTDINGNIUAINLATYA (Strain Energy) Wag oK ADAINISUUIHUUDY
Wasuaall (Kinematic Energy) vadlaseasnaiudonuny atumn oU way oK @snsafenulansaunisn (23)
wae (24)

oU = J-(Gxxégxx +0,,08,, + 73,07y, + 7,07, + 7,07, )dV (23)
14
h/2
K =[ [ pz)(iicu + 6w+ voiw) aza (29)
Q-h/2

PNTUINITENUAIENNTSN (16) kag (17) adluaunnsi (23) waghnuaAaunsy (13) - (15) ashu
aUN1s7 (24) MATUSILENNITANYNNANNITNNSARDUNIAIAUNITN (25) - (29)
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ON
ag’”‘ + axy +%‘Z =1yiiy + 1,9,
X Y x
ON ON
axy a)j)y“l‘iyz =10V.0+11¢y
X
¥
anz + aQyZ _ Nxx _ Nyy — IOWO
Ox oy R, R,
oM, OM, .. .
o #—sz=11”0+12(/’x
aMx aM .. .
axy + ayyy — Yy = IIVO +12¢)y
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(25)

(26)

(29)

Tnefiaun1si (25) - (29) Wuaunsnisiedeundmsun1sedeudluianig du,,ov,, dwy, 5o,
WAz Sp, UANU kay (N, M, ,0, ) ADANANEVRIAIUAL (Stress Resultants) FeanunsaAiuinda

Feaunisi (30) - (32)

(00l i

(Mx’My’Mxy )= J.(O-xx’o-yy’TXy)ZdZ

h/2

~h/2

h/2

~h/2

h/2

(0..0,)= [lrer,.)a

~h/2

wnuAaNn159 (18) asluaunisi (30) uay (31) avannsadeuluguumsnddsaunisi (33)

N.| |4,
Nyy A12
Ny | |0
MXX - B]]
Myy BIZ
M| |0
Tuiid

A.

B

D

A, 0 By B 0
Ay 0 By By 0
0 Ay 0 0 By
By, 0 Dy D 0
By 0 Dy Dy 0
0 By 0 0 Dy

; 1
h/2
j =I Q.4 zdz

J
z

~h/2
J

0
xx

0
S

0
e xy
1
xx
1
8yy

1
7xy

&

&

(34)

Taeaun1sy (34) mvualienvies j= 11, 12, 22 ey 66 ANNAIAU WNUAIENNIST (19) adku

Aunsh (32) avlgweannsi (35) Lay (36)

{Qyz}=|:‘s55 0 :H}/yz}
sz 0 S44 Y xz
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Tuiid
s)=[" k.04 (36)
! /2 s=Zl

TPeNMuUAlTIies I = 55 way 44 AuUSUAUIURAINLRBEYBINE (Mass Moment of Inertia)
A9aUNSA (25) - (29) Azvaunsaftenulaseaunisin (37)

I, 1
h/2

=] pele) = paz (37)

7 —~h/2 2

2 z

5. GUN1SAINTIATIZN
MsassaunIsiansiesgikaznsmnadndidsiavanunsarililagldnssuiunmsmdineu
v8audes (Navier’s Solution) (Van Vinh and Tounsi, 2022) Tun1simuadlandunsideguvedasasng
Wasnudliaenadesiuleulvvesniesiusgisie (Simply-Supported Condition) fsaunsd (38) - (42)

u, = ZZUmnei'”t cos ax sin ffy (38)
n=1m=1

vy = ZZanei“’t sinaxcos By (39)
n=1m=1

wy = ZZWmnei"” sinax sin Py (40)
n=1m=1

:ZZX”’”EM cos ax sin By (41)
n=1 m=1

= ZZYmnem sinaxcos By (42)
n=1m=1

WMo i=J—La=mr/a Woz B=nx/b 0N (U, Vo W X Yo ) AOANENUSZANTVD

v Y,,)" way ,, AoA1AuissIuYId

mn

w,

mn

mMadeguitlinsiue Srmuali {g)= (U X

mn mn

(Natural. Frequency) ) Inofirion (m n) ﬂaﬂﬂwmlalﬂu (Eigen Mode) MULNY (x ») Anturiinsuny
fnaun1si (38) - (42) adluaunisii (16) way (17) fasuaun1si (25) - aglviAannITanyuzianIy
(Characteristic Equation) Faaunnsii (43)

(&1~ o, [M])g}=0 (a3)

e [K ] was [M ] AAnunsndmnuudaknss (Stiffness Matrix) waztunsnduda (Mass Matrix)
Tl ky =k, Uag my=m; W@l i,j =1,2,..,5 faturaInsatenuAduUsEanslansaunish (44) - (62)

S
ke =Aja’ + Ag 7+ ﬁ (aq)

X

ki, =ky = (AIZ + Ags )05,3 (45)
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kyy =y =—a A Az | Sss
R, Ry R, (46)
kyy =ky) = Byyai® + By i — 55
14 = Kyg 1 56 R (47)
ks =ks; = (312 + By )O‘,B (48)
ks = A’ + Ay, B2 420
22 660+ ApfT +— (49)
Ry
A A S
b =g 2 S =
X y y
kg =ky = (312 + Bgs )063 (51)
S
kys =ks, =Bgsa® + B, B° _% (52)
y
A 24 A
ki3 =Sssa’ +S,,p° + =L 2712 722 (53)
R} R.R, R;
B B
ks, =ky3 =a| Sss _ﬁ_ R12 (54)
x y
B B
kss =ks; :ﬂ[szm _f_%} (55)
x y
kyy =Dy’ + Dgsp” + S5 (56)
kys =ksy = (D12 +D66)aﬂ (57)
kss :D66a2 +Dy, B + Sy (58)
mp =my, =mz; =1, (59)
My, =my =mys =ms; =1, (60)
my, =mss =1, (61)
My =My =Mz =Mz =Mys =Msy =My3 =M3y =My =My, =M3s5 =Ms3 =Nys =Msy =0 (62)

AsEUIUNTINMAURNIaUlagltnsEUIUNSTIARBUTRIIES (Navier’s Solution) A¢TTuUnDY
TunsAuaumatl

SDee éef
=) Sh.

AN E,, (z) wag py, (2) vesfanunindainaunsi (2) uay (3)
AIuAl E.(z)v.(z) war p.(z) vasiaqunindiasuiasiewnsiunanian

c

N —

U

NAUNISN (7) (10) way (11) auainu
TR 3 AWM 0);,05,,0:5.021, 04,055, WAE Qg 1MNAUNFH (20)
JUN AN 4,,B;, ez D; Wefvies j = 11, 12, 22, uay 66 MUEGU 3Naun15¥ (34)

WATANUIMAT 1,,1,, WAL I, 9INAUNITN (37)
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N5 Avuadluualony m uag » WWoAWIN k,; Uag m, za1saA1wInldaN
aunsi (44) - (62)
JUN 6 AUIUAT @, IINENATT (43)

NAN1SAN®EN

Tunsiauanani1sIAsIENsaEudaTEIalasIas 1 UaonuIYnaNTan N tau R Uas ukUaInIuanumun

q
' '
I =

wazlaSumasmeunsiumanianlaglinguinisde sumeusadeuduiunniuuuliuly waznsmdney
Besmulaglinsruiunsmmneuvesuniies (Navier’s Solution) dwsuauegdatangu dnsduding
wazAILLuTesTaguvEndwediwes (Polymer) JaniiflaudAudsunasmumunun (FGM) dmsy
wslinfivnainergiun (ALO,) uarlavgivinainezgiiden (A) uazanvinede unsflumanian (GPL)
Ailunsfinunadsdagiiendined 1 Tnefivuavounsiiumanan (GPL) Aldlumsdnwiadell asdan
wep, = 1.5 T3lA5wuns, Iy = 2.5 lATURT uag hgpy = 1.5 wiluns lunsdilildivundusgsdu
JrannsafIaAINIinesaud (Frequency Parameter) léisaaunisit (63)

o=oh/p,/E, (63)

1. AIATIVADUAINYNADIVBILUUTIALY

MsmsIEeUANNgNAeTeLUUIans ssutseenidu 3 nsdl TneBuduanmsiSeuiisudu
AyN5Enesmnad (Frequency Parameter) vadlassasnadonuisvhainfaniiiadRiuasuudamnanumn
(FGM Shells) Tngfwsniinvhainezgiiun (ALO,) uaglaveviainevaiiflen (A) TraaandAdmsei 1
Tuiidindnsdauanuensainemusnvedasaiaudonun (a/R, ) uardhsdmuaugnsonnuning
vaalassasadonun (a/b) dAWndu 0.5 wag 1.0 NAN1IATIADUAIIUYNADIVBILUUTIABINUIN
fiwesmud (@) Aldanauiseilfiddesniinuideres Matsunaga (2008) fanssdl 2 1iesan
mnuAnssvemguimsidesuiidesanusadeuiiuanety Tnenuideves Matsunaga (2008) timaui
s gUiigauuuaesiii (Two-Dimensional Higher-Order Deformation Theory) aendlafiniy AauAnsgan
wiidliiAufesay 6836 dwulasadraudenunagunsinay (SP) lednsdiu a/h=2 Wiila1iesay
Aruusnaazdaanaudosnmdin o/a faniugiduiues iesmnlasaiaudenuisdamumuiios
(Thin Shells) 5ﬁqmaﬁﬂﬁmmLLmﬂﬁhaLﬁaamﬂmsﬁﬂmmﬁgﬂaawqwﬁﬁa mwﬁm'ﬁLﬁaiﬂ%uanLLuuaaaﬁﬁ
(Matsunaga, 2008) LLamqwgmsLaasUmaLmLaauaummumwﬂswiﬂ (Improved FSDT) df1anad
sznavesm LA udoudnelassaisdiananas Iu‘um“‘wLiJE)ﬂ’J’]ﬂJ‘Vi‘LJ’]GUE]\‘]IﬂNﬁi’NEJmL‘WiJﬁﬂ‘U‘u SEGNIAG)
yhliinsnszaefvesdardudouluaunisil (35) farmunnstuanisaemgud dwsumanseny
gesmwanaTiintudloieuiuauiteres Matsunaga (2008) asnuinidlelasiairadonunsdinaves
Arfafiennslds (R, uaz R,) wissnndy sgviilianuunndneddniingedu Tnslawizegredslunsdidy
Tassadadenunagunsenan (SP) wazgunsslewosluan (HP) TuvasilassadrausuGou (FL) Gaazlifing
vosrndmdenuilds (R, way R,) Wlimmmaunnsafetuliosfigrlunnnsdivesidasdaumn (a/h)
Famsnadt 2 TeiliosnnAnruduiugseninemueten-nsinaeush (Strain-Displacement Relations)

X

a

Tuaunisii (16) uar (17) lildRasumaedasiadanudonuissunssiu (Shallow Shells) daazyinlviena

asildsfideuluunnsineiu
dmTuMInTIaaeuANgNABIBLUUTIARdlATIa 1 URsnUILESUMAW gL THUWARLAN

(FG-GPLRC Shells) fiunuideves Wang et al. (2018) agvilalagmsimualvidiavenidavesianumsng
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(p) luaunsd (1) Sandugud mndurinisinunavesfansniindutanmeduesiaiuidadie
unsThumaman (GPL) fifinuautfgmsed 1 lufididasdu a/R, way a/b aeiiduiiu 02 uag 1.0
Frgnuinaiivedmud (@) SrnseiumAdeves Wang et al. (2018) snviululvanisdudsu (2,2)
Wlomnunuaslasiaiadonuisiiings (a/h=>5) fanuumnsineduliosinn luasilwnmsaudu 9
efidiniu fansadl 3 uifianAdeves Wang et al. (2018) J[fifmmf]ﬂm?miﬂLﬂaqmmmtﬁauﬁuﬁum
(Higher-Order Shear Deformation Theory) Faazsnusudslinsum 9 & Iusummmm%ﬂwqwg
MsdegumBusadoususumdauutsuuss (Improved FSDT) @sasiidnnusudsinguen 5 # fady

mﬂwqwgmmagﬂmaLmLaauaumwwmuﬂiw?a (Improved FSDT) agrhlsimsuitymikudoulfiet

M13199 1 Aaudivesian

318N5TEN wepasdaneu (GPa) onsdudive AUVUILLY (kg/m?)
wodwas (Polymer) 2.85 0.34 1,200
prliu (ALO,) 380 0.30 3,800
avgililen (A) 70 0.30 2,702
wnsiumanian (GPL) 1,010 0.186 1,060

wa

M15199 2 NsilSeuiieudmsiwesnnudsssuravedlasEialionuivhainianilauhUdeusua
AUANNU (a/R, =0.5 WL a/b=1.0)

AIANADTITNVIR LU LANANTAUNUGIY (1,1)

Usen —— .
a/h v Matsunaga (2008) UIYU AULANAN (%)
Taseasng
p=0 p=05 p-=1 p=0 p=05 p=1 p=0p=05p=1
2 FL 0.9400 0.8232 0.7476 09265 0.8101 0.7333 1436 1591 1913

SP 0.9527 0.8429 0.7709 09291 0.8001 0.7182 2477 5078 6.836
cy 0.9334 0.8213 0.7483 0.9075 0.7882 0.7109 2775 4.030 4.998
HP 0.9038 0.7925 0.7202 0.8551 0.7502 0.6807 5.388 5.338 5.485
5 FL 0.2121 0.1819 0.1640 0.2112 0.1808 0.1631 0.424 0.605 0.549
SP 0.2301 0.2000 0.1819 0.2271 0.1940 0.1749 1.304 3.000 3.848
Cy 0.2153 0.1855 0.1678 0.2123 0.1812 0.1633 1393 2318 2.682
HP 0.2064 0.1770 0.1596  0.1996 0.1710 0.1544 3295 3390 3.258
10 FL 0.0578 0.0492 0.0443 0.0577 0.0490 0.0442 0.173 0.407 0.226
SP 0.0751 0.0657 0.0601 0.0746 0.0646 0.0588 0.666 1.674 2.163
CcY 0.0622 0.0535 0.0485 0.0617 0.0527 0.0477 0.804 1495 1.649
HP 0.0563 0.0479 0.0432 0.0548 0.0466 0.0420 2.664 2714 2778

anvheazfunsnsiasuaugndeseauuiassvedasiaialienuishanfanidauda
WasuwUasueImuuasESuMEsheunsiumanan (FG Shells with GPL Reinforcement) @eaggslaii]
nATBIMsAnINAeY uenanaAdeues Roun et al. (2025) Hlldvhmsnunsdudaszvadlasiaing
wiudeuiantaaiiauRiuasunamumunun @uhdsheunsiunananlaglinguiusiudouuioug
amudshinmuadiinnsfasaniladdunsideglesnifu 4 fuumdn Tiun msiedeuiiunsiv 2 wun
(u,v) uazmsAdeuiiuuadianiifinsasavesusandounasussin (w,,w,) laoiifanfifausfiuasuuag
muANIREiIvuR e inihanezaiiun (ALO,) lavevhanergiiien (A) E@uMamswTuNamLaN
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(GPL) flauantfnanisnan 1 wuhdmsdimesanudsssuniidialnalfesiunuidednamsen 4 dadie
PsusnAsgRaniiuiesag 0.20 Tulnunnsdudeiu (2,2) WeanuvunvedlassaiausuEeuliies (a/h = 5)

M99 3 NsilSeuiieudmsivesnnudsssuavedlas@aulionuivhantan e tiiUaeunua
PIUANUV (a/R, =0.2, a/b=1.0 Wag Wgp, =1.0%)

ANUUANISITNDSAIUDSITUBIR (m,N)

Uz 3
Y Wang et al. (2018) MUY AULANAN (%)
Tasedsng

(1,1) 1,2 (2,2 (1,1 (1,2) 2,2 1,1 1,2 22
5 SP 0.1279 0.2919 0.4450 0.1279 0.2919 0.4449 0 0 0.022
cY 0.1229 0.2892 0.4438 0.1229 0.2892 0.4437 0 0 0.023
HP 0.1206 0.2898  0.4427 0.1206 0.2898 0.4425 0 0 0.045

10 SP 0.0374 0.0796 0.1232 0.0374 0.0796 0.1232 0 0 0

cY 0.0328 0.0770 0.1219 0.0328 0.0770 0.1219 0 0 0

HP 0.0310 0.0778 0.1213 0.0310 0.0778 0.1213 0 0 0

15 SP 0.0097 0.0150  0.0217 0.0097 0.0150 0.0217 0 0 0

cY 0.0065 0.0127  0.0205 0.0065 0.0127 0.0205 0 0 0

HP 0.0050 0.0135 0.0200  0.0050 0.0135 0.0200 0 0 0

M99 4 nsilSeuiigudmaiineinnudsssuAvedasaaudenuiwiainagidaudiiUaeunua
AUANUVUALLERUINGWIEUNSAUNANEN (a/b=1.0, p=1.0 Wa¥ Wgp, =1.0%)

ANUUANISITNDSAIIUDTITUBIR (mM,N)

sULLluu
Y

a/h L Roun et al. (2025) vt AULANATY (%)
(1,1) 1,2) (2,2 1,1 (1,2) (2,2) (1,1) 1,2 (2,2
5 A 0.1824 0.4021 0.5847 0.1824 0.4019 0.5839 0 0 0.137
B 0.1904 0.4152 0.5997 0.1905 0.4150 0.5985 0 0 0.200
C 0.1742 0.3857  0.5625 0.1742 0.3854 0.5616 0 0 0.160
10 A 0.0495 0.1185 0.1824 0.0495 0.1185 0.1824 0 0 0
B 0.0522 0.1242  0.1904  0.0522 0.1243 0.1905 0 0 0
C 0.0471 0.1130 0.1742 0.0471 0.1130 0.1742 0 0 0

2. waAnssun1sdudaszvaslassaiaudenursianTagiidaudAdsuulasmiunanamun
EsuAAIgun T UWanLAN
dmunsfnvmginssunisdudassveslasaiaudonuiwihananidaudiudsuudag
muevasELMEssunsiumanan Inefanifauffouamumumnagivusliasin
vhannezaiiun (ALO,) Tangvhanezgiidlon (A) wehurdsneunsiumanian (GPL) SapnaniRssmand 1
TneiFdnsan a/R, wag a/b TAWhAU 02 uay 1.0 113197 5 uanssnsdivednnud (@) vedassais
Waenuswhaniagifiaudiasuntasmuanuvuuaziaiuidawneunsiiumanian TasAlnadude
YovazvoIn1siUdsunuaniudiduing (Relative Frequency Change) wasrmnfwesaudvediaseadng
WaenuwhnTanifauTRiudsuulasmumumuinasiaiuiidafsunsilumwananilowsudisudu
nsdifilaifnsietuidsnounsiiumanan faunisi (64)
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:wx 100% (64)

Relative frequency change(%)
Drcm

Sl @gp, WY Doy ﬁaﬂ'wwwmﬁma%mm?ﬂmaﬂmaa%ﬂLﬂﬁaﬂmﬂﬁﬂmﬂ%ﬂ@ﬁﬁamﬂﬁm?ﬂauuﬂm
auaslunsdifinisiaiuidsiounsfiumananiunsdiliinsauidenounstumanian
MnamsAnsmuiilelassaraudonuisihaindagiauTRidsuulasmuanuviniasiaiuiidsig
unstumasianaziidmiisesmud (@) gininsainlifmseduidshounsiumanavluynluuanisdu
warAniingauiialndifesty venmnidmutilasaadienuishanfanifmiRouuammamnum
uaziaEuMEshounTiumananTEFULUUNSNsEIELUY B aglimmsTmesennd (@) geamileiSouiiou
funsiiguiuunsnszneiveansiumananuuudy 9 esniiviinamunandulngvesunsiiumanian
nszeeglutiinuuwasinavaenndesiuANINIr A TILA UGN SRRt uredasaadadonuis
(U7l 2) Madunisifindszansnmvedlastadiaudienuisinnnfand faudRdsuudammarumun
Fuduegsdefiazdoafiansanisgunuumsnszaeimesunsiiumaniaviite WiAnuszavsnmgegn

3. WavasALAvENiNdIYasTaquUEndRtientsiUAsuLU st R duWNS

dmsumsinwinavessiavenidsesiagumindiisedmnsfinesaud (@) vedasiai
WasnuisihanfaniifaudAasuuamunmuiaziaiumdaiounsiumanan lneiidsnsid
a/R, war a/b Swhiu 02 uay 1.0 mdndiulneminvewnsiumanan (g, ) ssiliwhiu 1.0 %
Iusumsﬁﬁhl,a%ﬂﬁﬂé’waﬁa@Lw'%m? (p) vzfimsudsdeudus 0 8 5 nuhamsfwesaiud (@)
wimifuguosunasilutidie p fites vdmndusmnivesarud (@) asfidfugiuegied q
oA p ferdaudt 2 Tuly fagui 3 uenaniSmuiilassadraldenuiwiananiidautRdsuulas
muANuMULazdLiAsheunsTiumananiEiFUluunsnsEneuuy B aglimmsfisesmud (@) gen
idesandrnsiaiuidassunsitumananlutisudnuiivutagiiaaasyiliauegdaUssansuaves
fanuninddflaniivdsuuvasmuanununiidniugadudeisuiisufunsdninszaieives
LLﬂi?\IuLwamangLwUﬁu 9 G'fquﬁ 1

dmsunsdunsflumanianiguuuumsnszaeuuvaiiane (GUUUYU A) 9gnUINHAYeN
mswasuulassnndunnueferuruvedlasiEUdenU T dmaie mMsU A UL UAINLDENS
yaslassaradenursgunsdleosludn (HP) sUnsanszuen (CY) wazusiuBou (FL) fivihainTaniidlana
WaguuasmumnumuaSuindshounsiumanian dsguil 4@) - 4 muddu dufeAnsiasuudas
asidimsdmsunsdiilassaeimsndunnuendeanumnvedasiaiaddonunaviniu 5 gl
Aninsdfdmsnndunnusnseanumuivedassairaudonuiavitiu 10 Tuvaeiivaae p Jenge
wlinadinsaiudn

M358 5 AnnslmeianudsssuAvedastasudenuisinainianillaudidouslasiuainamun
UALESUAAIIELNTHUNANLEN (a/R, =0.2, a/b=1.0, p=1.04as Wsp, =1.0%)

JUnuu a/h =5 a/h =10
GPL SP HP cYy FL SP HP cY FL
Aluuansndiinasanuisssund (m,n) = (1,1)
Wepr = 0% 0.1644 0.1616 0.1627 0.1631 0.0468 0.0438 0.0447  0.0442
A 0.1777 0.1747 0.1760 0.1763 0.0506 0.0474 0.0484  0.0478
(8.13%) (8.08%) (8.12%) (8.08%) (8.06%) (8.24%) (8.21%) (8.24%)
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M151990 5 AnnslwesaudsssuyAvediastasdenuisinainianiliaudiudouwlainuainamun
uaglEsUAAIELNTAUNaALEN (a/R, =0.2, a/b=1.0, p=1.04az Wsp, =1.0%) (50)

Uy a/h =5 a/h =10
GPL SP HP Ccy FL SP HP cy FL
B 0.1834 0.1804 0.1817  0.1821 0.0523  0.0493  0.0502  0.0497
(11.6%) (11.6%) (11.6%) (11.6%) (11.8%) (125%) (12.3%) (12.5%)
C 0.1718 0.1691 0.1701  0.1706 ~ 0.0489  0.0458  0.0467  0.0462

(4.50%) (4.61%) (4.54%) (4.60%) (4.54%) (4.53%) (4.49%) (4.53%)
AlvuansEimesAuasssuR (m,n) = (1,2)
Wepr = 0% 0.3589 0.3588 0.3582 0.3604 0.1065 0.1059 0.1055 0.1059

A 0.3874 0.3871 0.3867  0.3887 0.1152 0.1145 0.1141  0.1145
(7.96%)  (7.91%) (7.94%) (7.87%) (8.17%) (8.17%) (8.20%) (8.16%)
B 0.3969 0.3967 0.3962  0.3983 0.1193 0.1186 0.1182  0.1186
(10.6%)  (10.6%)  (10.6%) (10.5%) (12.0%) (12.0%) (12.1%) (12.0%)
C 0.3754 0.3756 0.3749  0.3773 0.1113 0.1107 0.1103  0.1107

(4.62%) (4.70%) (4.65%) (4.71%) (4.50%) (4.58%) (4.52%) (4.57%)
AluansEimesANasITUR (M,n) = (2,2)
Wepr = 0% 0.5220 0.5231 0.5228 0.5245 0.1631 0.1627 0.1628 0.1631

A 0.5628 0.5634 0.5634  0.5651 0.1764 0.1759 0.1761  0.1763
(7.81%)  (7.72%)  (7.77%) (7.73%) (8.12%) (8.08%) (8.11%) (8.08%)
B 0.5737 0.5742 05743 0.5759 0.1821 0.1816 0.1818  0.1821
(9.91%)  (9.78%)  (9.85%) (9.80%) (11.6%) (11.6%) (11.6%) (11.6%)
C 0.5466 0.5481 0.5476  0.5497 0.1705 0.1702 0.1703  0.1706

(4.70%)  (4.79%) (4.75%) (4.79%) (4.54%) (4.61%) (4.57%) (4.60%)

wnewg  Avhnsdude Sevarvesnisivdsuulatnnudduivsvesiinisdnesauddauisafuinddann

auns [(@gpr — @rar )/ @ | 100%

—e— Pattern A A —e— Pattern A /’A//,./

16| —+— Pattern B 4//‘ 16 [ —* PatternB a y
—=— Pattern C e —=%— PatternC -
A s
/ ]
14 Y
.
12 / s =

Relative frequency change (%)
Relative frequency change (%)

_—a=—F=—F
4 vl i i
0 1. 2 3 4 5
V4 V4
(n) SP (v) HP

U 3 wavesdavenindwesiagunindndsenisilfsuwiaimnudduinsvedaseairauianuia
iandagiflaudRdsundasmuanunuiasasuiaaineunsilumanan (dudude a/h = 5
waziduUsERe a/h = 10)
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18 : — B —— ey
—e— Pattern A . attern ol

S —*— Pattern B U
16| —*— Patten B 25 a3 6 A7 i A
—— PaHEIR C —=— Pattem C e

Relative frequency change (%)
Relative frequency change (%)
.

\
\

() CY (9) FL
Ul 3 mavesAavenidavestanuminddifinenisidsuutasnnuiduinsvealassaiiaudenuns
yhanTanfilautRivdsuawumumnuasiaiuiidshounsiiumanian (G uiude a/n = 5
wazkduUsERn a/h = 10) (d0)

4. wavasrndndulaeimiinvesuwnsiumananiiddenisiudsuudasnnudguing

mstiuednaulnetminvsunsiuwanian (Wep, ) AvdImalAgnTIRoAIALLTIUNST VRS
Iﬂsqa%ﬁqwaaﬂmﬂﬁwmﬂi’a@ﬁﬁauﬁ?u,ﬂﬁauLLUaamumwwm Lﬁmmﬂmma@é’maaLLﬂﬁ\IuLwamLa‘m (Egpr)
%ﬁmmﬂdwﬁmamé’amaqmwﬁﬂﬁv‘hmﬂazaﬁm (ALO,) LLazIawﬁv'hmﬂazaﬁLﬁau (Al) NNATNAUFUTR
mamammmﬁw 1 NUIBATAIUNDNNAVDY Egp, /E; WAY Egp /E, asm 2.65 uaw 14.43 Lin
Frdumsiiuusinaunsiunanian (Wepr ) Fedwaviliemsfwesaud (@) ummmwu mslhn 5
Toefiendasida a/R, wae a/b SAWRU 0.2 way 1.0 AaraNMaIvesianuvsng (p) aglAwiiiu 1.0
wazAndndlneiminveunsilumanian (Wep) ziimsuUswasudaus 0 89 3 % yonanddamuin
Sednsduenusnsonunuedasaiaienunsdidifugiuardmaliininuisuuasa g
vodlassaadenushnniag e sRdsuuasmumunuasiaiumdsnownsitumananimanas

0.6

0.4

0.2

0.0

z/h

50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400

Effective Young’s Modulus (GPa) Effective Young’s Modulus (GPa)
(M) FGM (Wgp, = 0 %) () JUuUU A (Wgp, = 1%)

sUn 4 ﬁ'mamaaﬁwauﬂsuawﬁwaﬁuaﬂﬂ'NaiwLUaaﬂmammmawmmmLUaEJuLLUaamummwm

Y
v v

L@SUAMAIIBLNSHUNanLaN
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0.6 0.6

0.4

0.2

S 00 f 0.0

-0.2 % -0.2

-0.4 -0.4

0.6 . . . . . . . 0.6 . . . . . : :

50 100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450
Effective Young’s Modulus (GPa) Effective Young’s Modulus (GPa)
- 19 - 10
(@) 3UwuU B (Wgp, = 1%) (9) gUuU C (Wgp, = 1%)

v A 1

sUN 4 AregaadavguuszansnavedlassaiiuldenuievihandagnilaudRiufsuwlainiuainunun

%

ESUNRINIELNSHULNasLaN (Aa)

5. WavasdnTEugUvaInsiumananiifidenisasunasaudduing

MNHAMSANHAINTIAT 5 nuddmsifivedaud () vedassaaudenuinhainiagiil
andAAsuuUasmumuLasERfdsnaunsTiumanan aziimgsgnidleunsiiumaniaviinsnszaesh
TusUuuu B é’aﬂj’umwwmﬁLmaéqm?hsﬁ%gﬂﬂ%auﬂuwmmﬁﬁa HAYRINTIEINFUIIvBIUNTTIIARLAY
Afdensasuuvasmiudduimsveslassafraudenuiwhanfag ifandRiuasunUasmuninumu
waziSuMAwnELN STunamanULuy B TnefmnsnaduaLeIReANIN TN sTINaAEN (g, / wap, )
ity 1.0 2.0 3.0 WAEEREW 1gp, /wep, SAITU 1.0 wanadunsHuwanianaziisunse
Lﬂuﬁmﬁw%ﬁa TUUUETSNTIEN gp, /wap, AN 1.0 %Lﬂugﬂmﬁm?{wﬁuﬁw AUSUAISRTIEIU
AUENINDAIUNUNVDINTIUNAEN (Igp; / hgpy )X 1000 fleuusiUasusous 0.1 e 4.9 Tallen 7,
qedienmadive 2.5 lulaswns dmsusasd a/R, way a/b wdimAdiviiiu 0.2 uae 1.0 Anavenids
VosTanviang (p) awlAwiiu 1.0 wavAndnanulagthwinveunsitumanan ( Wepy ) 20AMITU 1.0 %
PNUANSANIINUTWERASATEINY [gp, /wap, TANTRENT 500 Avdssavilimnsasusaseudduing
vaalassairaldonuininntanfifandAudsuamiuanuvuiuasiasuidsiisunsiunanian
ﬁﬁhLﬁmqﬁuaﬂwimﬁmmwSumﬁﬁaﬁmﬂdau lopL / Wep, 9A11INNTT 1000 ﬁﬂgﬂﬁ 6 wonNUganu
dednsd Igpy, /wepy ﬁﬁhLﬁmgasﬁuﬁ]5ﬁqmav‘fﬂﬁ¢hmsm§sJuLLanmmﬁé’uﬂ’wémaﬂﬂiqa%ﬁqL‘Uﬁaﬂma
vhanfanidautRiudsudammunumuilasiaiuidsounsiiumanianidianas

35 35

—e— Pattern A —e— Pattern A P

30 f —+— Patten B > ~ 30} —4— PattemB A
s —=— Pattern C g =— Pattern C s
= o
g 25 2 25 //
& 5
s S e =

>

S 20 > 20 52 "
3 g -
T 15 g 15 X
& « 7
g 2 Y _
& 10 F 10 P —
3 S -
« = 7 e

5 5 / e

-
"
[ =
0.0 05 1.0 15 20 25 3.0 0.0 05 1.0 15 20 25 3.0
Wen (7o) W (%)

JUN 5 navesSunaunsiluwananiididenisifeunuasnnudduinsvedasaadfonuravinanTag il
andffeundasmuanununuaziasuiawnewnsiumanan (@uisfe a/i = 5 wasidulse
A9 a/h = 10)
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—e— Pattern A > —e— Pattern A =
30 —4— Pattern B AT 30 —— PatternB A

—=— Pattern C —=— Pattern C

Relative frequency change (%)
Relative frequency change (%)

0.0 0.5 1.0 1.5 20 25 3.0 0.0 0.5 1.0 1.5 20 25 3.0
Wep(%0) W epi(%0)
(m) CY (9) FL

JUN 5 navesdSunaunsiluwananiididenisifeunuasanudduinsvedasaadfonuieinannTag il
andRfsunvasmuanununuaziasuidwineunsiumanan (@uwiufe a/i = 5 wasidulse
A9 a/h = 10) (si0)

12.0 126

Relative frequency change (%)
Relative frequency change (%)

—o— Iy =10 | —o— lp/Wep, = 1.0

—a— gy, =20 Loy W, = 2.0

| o oW =30 . oMWy, =30

0 1 2 3 4 5 0 1 2 - & 4 5
Ion /gy, (x1000) lgn/gy, (x1000)

(n) SP () HP

—— I gy = 1.0 | —o— lop/Won =10

Relative frequency change (%)
Relative frequency change (%)

—a— gy, =20 —a— lon/WGp, =2.0

—a— gy, =30 s —— Lop/Wgp, = 3.0

0 1 2 3 4 5 0 1 2 3 4 5
Lip/hgp, (x1000) Lgp/hgp, (x1000)

(m) CY (9) FL

JUN 6 navesdnsduguvansTiumananiidensidsuiUatanudduinsvedasaiaddenui
hnTannilandRifsuwlamnuanunniasiasumawigunsiumanangluuy B

dyuna

MsfnwINavesnsEsuidseunsiiumananiiofiuUssdvsamlasiaadienuisiiandag idauia
Wasuwlasuanuuligadulaglivguinindesuiousadousuduiiviluuuivug AuegdaBaneu
UszAndnavosTanuyEndfiflandfiuasuutammnumuias fanadumdaeunsilumananazaiansa
Jenulaleglduvusiansmes Voigt uar Halpin-Tsai anturhnsadsaunsnmsndouiilneorfendnnns

vaawaadularlinszuiunisvesndesiumsmuaansidaiuarannanisfinwnuinnisldnguinsdesy
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mgusudeusuduiviawuuuiuusaglidmeuialeSosuisuiunsalillivg wnside suniduduas

1 shlanemnugsernlunmsdiuin uenanddmuinmeaiuhdshounsfiunanansuuy B aliien
e iaruigagaluvnedisuiuy C aglidmniimedanuiian Guraonadosturmenduiiiniu
Tuﬂiiﬁﬁﬂ'ﬂLasuaﬂfﬁ"]é’qsuaﬁa@mﬁﬂéﬁ (p) MadufsmeunsTiunananazdwmansnmsuasunamud
rimsgannilefiouiunsdiidiaventidwesiaguying (p) fidi wardhsdugunswesunsiumanian
efinansgnulnenssermmsiwesanud nsnnzdermdsasdnaueitenuvensiiunanEan
(Lopy / wopy ) SiTion fedunanisdnuitldanauddedamnsad Ul ummelunsdiaussansam

Yp9tAsIas1danundlinau

AAANSSNUSZNA

a o
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aswgnuaifinuluivdnduumasensiuoyyadassifunumddlunistietonriu wazanauidewes
nadnlsadevaeeiiald Wy Tsewwnu lsendnudely Tsaeufaunfvesssuulsvamuazaues
TsAnsdniauides uaglsnusifa Fedlagiiuidsldsuanuaulannduilnalon nuatedisdinguszasd
denmamasngnuaiidesiu Viinaflusdnuasrahuesdsin warqviduouyedassvesansatavey
winuzsiafatinfeioniou efinosdan uaziumiues NaNIATIIABUATNANUATIFIEUfATN5IANE
Wienznounu Huedn vahuews wouvsedluy leswesiu wazunuily Wussisznau nMsesiamusun
Huodnuazraliuesnsiumiedd Folin-Ciocalteu Reagent Wag Aluminium Chloride Colorimetric wuan
miaﬁ’mLumuaaﬁﬂ'%mm?\luaéﬂLLaszhuaaﬁiamqﬁqm (105.91+0.70 mg GAE/g dried weight wag
19.41+3.13 mg QE/g dried weight) Bnvisdsuansgisuoyyadaseiiafigana 3 35 1dun DPPH, ABTS
(IC,, WU 0.16+0.05 wag 5.54+0.35 pg/mL) waz FRAP (FRAP Value Wiy 560.51+30.90 mg FeSO,/g dried
weight) uansliifiuiiansatnannudauzssdaduuvasesasiuoyyadasziionilugnmsnudeyaidedn
ilesesaminmmieUssgnddundnfsiieguninldsely

AdAY ¢ ansngnwall; a1siueuYadaTy; UzeaTn

1

paszIneImansuazinalulad unine1aeTIvagiiyaainsIy
! Faculty of Science and Technology, Pibulsongkram Rajabhat University
" Corresponding Author, Tel. 08 2176 4955, E - mail: pattawat.s@psru.ac.th

ISSN 3027-6756 (Online)

Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




RMUTI Journal Vol. 19, No. 2 (May - August 2026)
2> e264405

RMUTI Journal

Abstract

Phytochemicals found in plants are important sources of antioxidants, which play a vital role in
preventing and reducing the risk of various serious diseases such as diabetes mellitus, cardiovascular
diseases, neurodegenerative and brain disorders, chronic inflammatory diseases, and cancer. These
compounds have gained increasing attention from consumers worldwide. This study aimed to conduct
a preliminary screening of phytochemicals, determine the total phenolic and flavonoid contents,
and evaluate the antioxidant activity of crude seed extracts of Bouea oppositifolia (Roxb.) Meisn. using
hexane, ethyl acetate, and methanol as solvents. Preliminary phytochemical screening using colorimetric
or precipitation reactions revealed the presence of phenolics, flavonoids, anthraquinones, triterpenes,
and tannins. The total phenolic and flavonoid contents were determined using the Folin-Ciocalteu
reagent and the aluminum chloride colorimetric method, respectively. Among the extracts, the methanolic
extract exhibited the highest total phenolic and flavonoid contents (105.91+0.70 mg GAE/g dried weight
and 19.41+3.13 mg QE/g dried weight). It also demonstrated the strongest antioxidant activity based
on all three methods: DPPH and ABTS radical scavenging assays (IC,; values of 0.16+0.05 and
5.54+0.35 pg/mL), and the FRAP assay (FRAP value of 560.51+30.90 mg FeSO,/g dried weight).
These findings suggest that B. oppositifolia seed extract is a potential source of natural antioxidants

and could serve as a basis for further research and development into health-related products.

Keywords: Phytochemicals; Antioxidant; Bouea oppositifolia (Roxb.) Meisn.
UNuUI

Soytuunltamsvualdnddasinnsssuritiisanniuegnwiaites Wesmniuslnalienddoyfuauam
anuvaonde LavnanszvusedInden asatnainfivnioayulns Sanaroidumadenilesuanuien
Tugnavnssuewns 1 teResdens videndnsiausiegunw osansiasiduusslovisoguam Tnsawy
ansusyyadasy (Antioxidants) dufuasiifinnuansalunissudaiorraoninfnufiseeentiadu
vesoyyadaszlusnne lagvimihidudliviesudidnaseunneyyadasy ieananudemedelsad
ansiuayyadasranasonuldilusimenywd (Endogenous Antioxidants) Wa¥aInuMAsITINIR 1Y
Fonfiud Fanfiud warhuood Indfluoa waziudualsiu deilogluin wald wazayulnsnarsvin
(Thiraphatthanavong and Phandech, 2023)

uzesdn (Bouea oppositifolia (Roxb.) Meisn.) Wiedewas Bouea burmanica Griff. ag/luaed
Anacardiaceae Tiufiislunnuiodony fusenidedls Wulikedusugsuszana 8 - 10 was aglunsdifeiu
uzshe wpUT wavuznen Tnenliudevuiadndwides iuilindely Tufewansuausiadelungyes
wafivuelvgrimeUns sunsinasd nafidilianii@der naanifAudes savfvmuouSetuegfuaeiug
wanildig (Boonwong et al, 2017) Seekhaw et al. (2022) 189 1uEsatnindondanlunzesdn
fenwnuniiiduumdemesdsssund 4 ngu liud Tiuodn wuiu Tasmesiu wazwounsedluy Teasardn
sanamliineliinnisssaeifewseinnseuseRmilingesieg 31nn15AnyIve Seekhaw et al. (2023) wuh
asanaleyuoave AR NTaLanVEFnuayyadasy Tesznoudeangnuiedl 6 via ldud fuedn
Walueed aiusess lnalales waunsiadluy waslasinesiiu wazainn1s@nwives Lamkhwan and
Seekhaw (2025) nuhansafhmnfsrsdaiduuvamesansiusyyadassiiifnenm anslumoesduszney
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vesasngnuaiiiddgdenalnniseengninisdanm  Snisdaiiuiinaiiuednuazrlanliusedsiugs
wazdeaudufivdeiwadimilituuenvoanssd (HaCaT) s wasdmuirfirluidieatuureda wu
upUse uwarazie Snsrenuietuesdusznoumanivazgrinnadinmdiviadla Tnsenizueusng
(Bouea macrophylla Griffith) Fadufivfifidnuuradrofuuredn dn1sseauin asadaaindiusie
vowzunauuvadmesnsnanuaiindhdyfiidneamlunsiueyuedass Tnefituedn Waluees Uiy
Wil esiiuesd warabeseen [Wuasiusenaundn (Fu'adah et al, 2022) 9ndeyatewiumuindinsseanu
Rerfuasdusznouuasquindinmanudavesuresdafiatndsenen  widslidnsmenuietu
wiinvewsasdafiataefvinazaredunsgifidanaiu Yoyadilinanundredugidedaulefiazdnu
asngnuafidesiu Vnafuednuasviaibhusedsu quisiueyyadasy Mnansataneiurousinuzesie
flatnmeiharanedunssfidaunnsaty 3 ¥in Geniu weiiaesdon wazwyuea) Welseifiui

a 6 1

Auditavesiivhazatedunidinanenisainusunaasussnauiiuednuagaliuesdsiudaduaisénu
auuadasynauvdnestls Inelfilugiudeyalunisfnuniisesduseneummgnualindfy nMsuenuasiigan
LNaNwlvesEsUsENOUNANNLAAsMNEN1TIn e 1ldnenm  Galugnisimunndndueiiieavnin

\Aaesdnens vewnduduaiaelulueuran
A5anTUNS

1. nsnuieganuzeslin
Aushetauinuzasinan luiufidualnsuen Sunendlnsana Jringlovie Tutiadeumwen
w.A. 2567 ngvinisiusnwdiedeld s esfiusiuniumedrmssald aurinermansuazimalulad
WNINIRYIAYAyaasnss (Voucher Specimen No. PSRU 1010)
2. MawsENasANIETULANNZE9TA
thifnuredaanndlfazenn unsfensimdaeonlindoudidasuluiing wufududn 1
wnileulsiuisiignmafi 50 °C WHunan 24 alus mndhuiunualiesden dnhuindeduufauzesdaus
unazlden 500 g afnneshvnavaneduvidmusiurnuihvesshvhazany (snwy wilnesBan wazamues)
USims 1,500 mL TngliiBnsusvsinflgamnivieadunar 1 &Unvi Ginisutuin 2 ) nsesuazseme
fiharatgoonssiAIessEvELUUARAILRY (Rotary Evaporator) a¢ldansadavetvvesudeuzesde
wazduMvdesazHananTle (Gyield) uaziAvlilunvusdifihUnatniestunasiigamgi ¢ °C devhms
npaeulutumeuseld

Sovaznandnile = (Udnansana / divinansiiegis x 100)

3. miﬁi'maaum‘swqm-}mﬁLﬁaaﬁu (Phytochemical Screening)
msmmaa‘umiwqﬂwmﬁﬁaqé’umﬂmsaﬁ’wmuLamezm LDTRRYRAN LavlUIATDILANLLENTR
meUsennsindvianznoy 31uu 10 nay lawn fuedn w1lufiu Walwewd afiesess damased
Tnalales weunsiailuy lamesi lnsmesiu uazunuily (Shaikh and Patil, 2020) Insiltuneunaasadad
3.1 nsasvaauiusdn (Phenolic Test)
Yhensafinnieny 5 mg avanedng 95% toviuea 1 mlL antauiis 5% w/iv ilasinmaslse
(FeCL) 3 - 4 voa winwuansnguiluedn ansavmeasivasuduiiRuriedm
3.2 N1sAsedEauY1lUdu (Saponin Test)
Yhansafinneny 5 me avanedg 95% tevuea 1 mL Winthndu 2 mL wazwen mnwy
GRENGHEMISI) ansazangardediloaiatuegsioios
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3.3 n1snsiadaunanlauesn (Flavonoid Test) avviinisvaaaumeniu 3 35 laun
- nsnsedeuseunendanlay (Alkaline’s Reagent Test) Wiansafaneu 5 mg
avanemY 95% wen1uea 1 mL udidn 10% w/v ludeulansenlysd (NaOH) 2 - 3 ven wnwuraliueys
asavanaziUAsududndesdu
- N1IRTIRAOUMBLANEETAY (Lead Acetate Test) thasarinnenyu 5 mg azagsie
95% tovuea 1 mlL MINtufis 10% wAv lanes@iemn [PHCH,CO0)] 3 - 4 wen winwuauusueslahiuess
wUngezneudrtuiuiituasnnaaes
- MIATIRERUMIEaIARINI@EL (Magnesium Wire Test) dnansananenu 100 mg
avanedetngu 1 mL Tamauundiden 1 - 2 Ju nndudunsalalasaasindutu (conc. HCY 2 - 3 vign
yanunaluosd asazansaziasududuumuioduns
3.4  nsnsIRERUEiiusaan (Steroid Test)
hansananeu 1 me azatealgaaalsnesy (CHCL) 1 mL watfunsadaisnidudu
(conc. H,50,) 1 mL mnwuansnauaifiesess asazanetudsazidewiuiung
3.5 MInIvdaudanIasun (Alkaloid Test)
WaEsaiaveIu 5 mg avangsme 95% vuea 1 mL WinlFNaNsavaly Wagner’s Reagent
2 - 3 vigm dmuansngusananed asUsIngagneudimatifurasavaned
3.6 n1sasavdaulnalalen (Glycoside Test)
thensafaneu 500 mg avanesethndy 5 mL antiuiunsaezdRnidudu (conc. CH,COOH)
2 mL MY 5% w/v iessnaaalse (FeCly) 2 - 3 nen wdudunsagafiaindudy (conc. H,50,) 1 mL
fitravaon Smuarsngulnalaled sxihawnuiihwdorwnuiiaddaumuidmalngiu
3.7 N1ATREBULAUNIIATLUU (Anthraquinone Test)
WansananeIu 100 mg avangmemaslsnasy (CHCL) 5 mL WEuaINTeaIsazay
Nt 10% v/v wenlandle (NH,) 2 mL wveyiudvesounsailuy ssusingduuy 38 vidofunsdu
luansavaneduuy
3.8 msnsvdaulamasiu (Diterpene Test)
thansaifa 100 mg azanedetndu 5 mL gu 10 Wil wagnsesansazas MINtudy
10% w/v AeUWesozdian [Cu(CH,CO0),] 2 - 3 wen Wnnuansnaulamesitu asazareazUsng uddeausne
3.9 nsasadaulasmesiy (Triterpene Test)
thansafin 100 mg avaedeaaslanesy (CHCL) 5 mL wemdinsesansazats N
Fansadaiindidu (concH,S0,) 2 mlL udigndn 2 - 3 it mveyiusvediasnesiiu asevanetiu
WU AAALANTY
3.10 MIATIRFBUWNULY (Tannin Test) Azvin1smagaumeiu 2 35 laun
- mInedeUsieeaiu (Gelatin Test) thansaiin 100 me avanedeiindu 5 mL
s 1% w/v leaniu (Gelatin) 2 - 3 viem mnflunuiiu asUsIngreneudumquilifunasanaaes
- MIRTIdeUMsLanasBian (Lead Acetate Test) a13afa 100 mg avansdaeniindu
5 mL iy 10% w/v @nee@em [Pb(CH,CO0),] 2 - 3 viea fwvauiusvewnuiy a1savaisazinnenau
Funtuiifunasamaans
4. MInUsHIUE15UIENRUNWWEANTIUN (Total Phenolic Content, TPC)
AImUSINaiUeaNTIMA87D Folin-Ciocalteu Reagent (Lamkhwan and Seekhaw, 2025)
WSELanNIaraEIRsEIUNIALNGEN (Gallic Acid) (Aandudueglugie 0.01 - 0.5 mg/mL) Uazansaranesoe
(PMULTY 0.1 mg/mL) mﬂﬁuﬁﬂmsmmsgmw%amiaﬁmé’aasm Tdadlu 96-well plate 125 pL Wthndu
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12.5 pL wag Folin-Ciocalteu Reagent 12.5 pL eﬁy’aﬁﬂ%ﬁqmmﬁﬁaa@unm 6 wit 9 ntauduhndu 100 pL
waz 7.5% w/v lfsunisusiun (Na,CO,) 125 pL LsuzhLLaxéﬂﬁﬂﬂuﬁﬁmﬁqmmﬁﬁaﬁﬂ 90 u¥ Ui
AsgANAuLAITIAMETIAAY 760 nm §Y Microplate Reader wéthenildundunamusunaiiuedngu
IﬂaLﬁauﬁUﬂinmmmiazmEJmmg'mmmmaaﬂ (Gallic Acid) wazs1enuNaluRg me GAE/g dried weight
Tngagvhnmavaaeusiogay 3 ads (n = 3) Mnuthaanimeassiildumanade + dudssuumnsgu
(mean + SD)
5. nMsnUsaamnailaueensau (Total Flavonoid Content, TFC)

MImMUSInuNaIuesRTINmeds Aluminium Chloride Colorimetric (Lamkhwan and Seekhaw,
2025) W38UAITAYANNINTFIUAIBTAU (Quercetin) (AN TRRYlUYI9 0.001 - 0.1 meg/mL) uay
A15azan8f0e19 (ANUNTY 0.01 meg/mL) mﬂﬁuﬁwawsmmgﬂw%amiaﬁﬂﬁaasmaﬂu 96-well plate
125 pL wfin 5% w/v laiealulasy (NaNO,) 12.5 pL LLﬁW‘?&ﬁqﬁﬁqmmﬁﬁmL‘ﬂunm 5w iy
10% w/v azgiidounaslsd (ACL) 37.5 uL weuaziluiaAnsgandunasfinaiue1nndu 510 nm
#1e Microplate Reader wdnhanfilduduiamusinamaihuessdsulaeiisuiunsvvesasavaty
mmmmmawu (Quercetin) WazsIBUNAIUKINY Mg QF/g dried weight Ingazyimsnageumetniay
3031 (n = 3) mﬂuumwamimamvﬂmmmmLaaa + dhudauuannss (mean + SD)

6. mimaa‘uqwsmua%aaasummﬁ DPPH

ﬂﬁmaauqm%‘éﬁua%aﬁaizﬁasﬁ%‘ DPPH (Sriraksa and Seekhaw, 2024) vinlalaginsey
ansavanefothafirudiduduiy 1.0 me/mL wazvhnmsienslumnudidufivanzay nthnansazane
79819 100 pL aslu 96-well plate 1Hn 0.2 mM DPPH 100 L LsushLLazgaﬁalﬁuﬁﬁmﬁqmmﬁﬁmLfJuL'Jm
30 W mﬂﬁuﬁﬂiﬂfmﬁwmiamﬂﬁuumﬁmmmmﬁu 517 nm 8 Microplate Reader uawineiiléian
Funmniesazanuannsalunisdudsouyadasy (Gradical scavenging) Ineldianseuam dail

9%DPPH radical scavenging activity = [(A o = Asumpie)Aconirad X 100
il
Ao, AB AINIIRANAULEIYRIANIAraty DPPH (Linauansdiogns)
Arpe  AD ﬂ'ﬂmiamﬂﬁuu,awaamiazmaﬁaaﬂwﬁﬁwﬁﬁ%mﬁ’u DPPH

msasnsmimuwnmSesarauausalun1sinueyyadase (%Radical Scavenging) uag
anudiduresamsaraeiiegns emanududuvesansasaneiegnaiiannsndustouyadass DPPH 1
50% (IC,,) WisufiuansazaneannsgIunsaweanastn (L-Ascorbic Acid) Yhnsageusiaenme 3 a%h (n = 3)
Mntumamnaaesidumaiais + dulonuuinnsgiu (mean + SD)

7. manasaugudiuayyadastlneds ABTS

nsvedeUqVEiueyadastlagTs ABTS (Sriraksa and Seekhaw, 2024) TneiSenansazane
ABTS™ (7 mM ABTS 4 mL vidii3eiu 2.4 mM KS,0, 6 mL) Faisliluiidafigamgireadunan
12 - 14 s el ABTS” Lﬂﬂﬂgﬂsmau‘um anihuevensazany ABTS: Methanol Tushnsu 1:50 mi
inlUindnisgandunasiiniinendu 734 nm ¢ Microplate Reader TldAn1sgandunadiugag
0.70 - 0.71 wisnasazaefoE T UdTUEIY 1.0 me/mL wasvhnisdendluamududuiivangay
adlu 96-well plate 20 pL tAuasazaty ABTS™ 180 uL LSUshLLazé&ﬁqlﬁuﬁﬁﬂﬁqmmﬁﬁmﬁﬂ 6 W9
vhmsiaAnsgandunasiiniueniady 734 nm wazthafildindnmn$osasanuannsolunsduds
auyadasy (%radical scavenging) lngldgnsAuin el
— A A

%ABTS radical scavenging activity = [(A x 100

‘Control Sample Controt:|
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A

ASampLe
nsasensvidwinmiegazanuaunsalunMsiueuadase (%radical scavenging) wag
anudiduvesasazanefiogns evanududuresasaraefesisfianunsnduisouyadasy ABTS" I
50% (IC,,) \isufuansarasannsgIunsnLeanasin (L-Ascorbic Acid) ¥insvadeudieesas 3 A3e
(n = 3) Mntnimanisneassiildimeiade + dudonuuinnsgiu (mean + SD)
8. MsnasaUnuEHuaYYadastlnes FRAP
mi‘mmaaquéﬁma%aaasdmﬁ% FRAP (Sriraksa and Seekhaw, 2024) isauansazale FRAP
reagent (300 mM acetate buffer pH 3.6; 20 mM FeCl,; 10 mM TPTZ lu 40 mM HCl 8n31dhu 10:1:1 mL)
wisnasazanefegafinududy 0.05 me/mL adlu 96-well plate 20 pL inansazane FRAP reagent
180 pL wduawieidliluiiiaflgamaivoatunm 6 wid imsinmmaganduuasiinnuenadu 593 nm
#he Microplate Reader thanfllsndmnamusinaumes Fe Iﬂ&lLﬁ&l‘uﬁ’umemaamﬁaumammgm FeSO,
WAz IIeUNalUNUIY mg FeSO, /g drled weight Tagagyinn1sagauAieagay 3 A9 (n = 3) mﬂﬁ?u
thwan1snaaesiildummaade + dundeuuunnsg i (mean = SD)
9. MIAATIINaTRYEaNNEAR

Control

Ao ANspAnAuLaIvesansaraty ABTS™ (Linauansiiegns)
Aa  AINTRANAULENYRsETATaNefleENTviNU RS ABTS™

IuﬂﬂsaLmﬂmﬂsmmvxluaaﬂLLawWaﬂ’Juaﬂmw uay awﬁmuauuaaasu R]']ﬂa’liﬁﬂﬂﬁﬂ’m“uaﬁ
winuzeadadfiatadiefivinay mammnmmu 3 wiln azviimImnassgiieteas 3 e (n = 3)
uansNaMTIATzAlLgUTeseRe + dulenuuinnsgiu (mean + SD) MARTEIAMMUTUTIUTB AR
Taglgn199tAs1gRAULUTUTIUNIRAET (One-Way ANOVA) aa835nadou Post-Hoc Test lae Tukey
fiszdupnudotu 95% (p-value < 0.05) selusunsy GNU PSPP Version 2.0.1

a o =)
NaN138UaraNUs1gNa
= Y < a
1. NSHMTEUAITENANYIUIAAUZBITA
INMTANANAALE BT ALTIAERYazANLLENTY LoTiaBYTLAY LAZIINIUDS LasTELng
hazangeanmenIBdTTBLUUdYYINA  azlansainne 1 uTeuanuzesTandd Ny NINIEN NS

%@&JazNamammmﬁaﬁmmﬁﬂmm%m AIMI5199 1

A19199 1 ansadareuvesantyeslafiainnieenay Lefiaesdnn Larlin1uea

Extracts Physical Characteristics Weight (g) %Yield (% w/w)
Hexane YounaINaI AR DS 2.07 0.41
Ethyl Acetate yeunaminatmady 5.51 1.10
Methanol younaminatmady 88.40 17.68

2. N5ATIERUASNONWIATILUDIAY
HanInTIvEeUasHgnwadiUaiuesasaiavenudauzesdans 3 vl wunguaiswgnuadl
5 Ny laud Auedn walwwesn weunsAlluy lasivesiuuazunuiy dan1seh 2
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A15197 2 ansngnwaiiiesiunnasainreuresudauz el

Results
Phytochemicals
Hexane Ethyl Acetate Methanol

Phenolics - + +
Saponins - - -
Flavonoids - Alkaline’s Regent Test - + +

- Lead Acetate Test - + +

- Magnesium Wire Test - + +
Steroids - - -
Alkaloids - - -
Glycosides - - -
Anthraquinones + + +
Diterpenes - - -
Triterpenes + + +
Tannins - Gelatin Test + + +

- Lead Acetate Test + + +

RUBAN: + wuansngnuadl - linvansngnuad

3. wan1InTnUsinaiiusdnuazalausensiu (TPC wag TFC)
nMsUIIIauednTINNENTANANEULENY LOTIADLTAN LAYIIVIUDA ANTOAIUINILA
NNTINVBIANTAZAUINTFIUNTAWNAEN (Gallic Acid) (y = 5.3493x + 0.1461; R* = 0.9987) lagaz 51891y
Han1snaaedlunig mg GAE/g dried weight @unismussnaunailiussasmausamulnlaainnsv
suaamiazmEjmmgwwma%ﬁu (Quercetin) (y = 1.728x + 0.0747; R? = 0.9984) lngsne1unan1snaadtumiig
mg QE/g, dried weight HANSNAAOUNIAITINT 3

A1519% 3 USunailuednuazalueedsiy nasanaudauzeedna 3 vila

Phytochemical Contents

Extracts TPC TFC
(mg GAE/g dried weight) (mg QE/g dried weight)
Hexane - -
Ethyl Acetate 1.40+0.07° 1.72+0.24°
Methanol 105.91+0.70° 19.41+3.13°
wnewma: - linussdusenaurenguansnanwadl

o

»° TupeduiifeiuaniienuansnsiuegsiiiedAgyneadfnsziu p<0.05

4. HANITVAFBUANSAIUDYNADATLAI8AT DPPH, ABTS waz FRAP
NIAgeUgNEATULaLYadATEIINANTANANE VTN nLsETANaiAmfYara1eny 3 ¥iln
e38 DPPH, ABTS wag FRAP wuln ansafnnetuvenuinuzesdafianaimefvhavanenlvwnenaiu
b Ly a - v Y ao <
wlvinagrsiueuyadaseiunneieiy lnen1snaaeumeds DPPH wag ABTS azsienunanisnaaeaiy
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A1 IC,, dunisnaaaumeds FRAP Tunmissindlaglididnaseusneyyadaszazsnsnunanisnaasadu
A1 FRAP value Tuniiae mg FeSO,/g dried weight Nan13Ma@ausanIsIen 4

A1390 4 quidsnueyyadasyaaeds DPPH, ABTS uag FRAP 91na1sainveudnuzeslinng 3 ¥l

Antioxidant activities

Extracts IC,, of DPPH IC,, of ABTS FRAP value
(pg/mL) (ug/mL) (mg FeSO, /g dried weight)
Hexane 280.36+0.69° 4968.69+16.65° 0.13+0.01°
Ethyl Acetate 3.05+0.46" 350.15+1.41° 7.65+0.40"
Methanol 0.16+0.05° 5.50+0.35° 560.51+30.90°

NuEmg: @ IC,, VBWENIUINTTIINTWTNELTT DPPH wag ABTS dienwinfiu 0.63+0.04 Uag 35.10+1.05 pg/mL
= TupednilifendulansisaniuanaaiusglvsdAyneadaiszau p<0.05

nsafnwanuzesdameiinazaeenioy WiiaesBay wazluvnues WUl a1satnuniues
fUsnumsadnneIugefian (17.68%) sesaunfio asainioficosdinm (1.10%) wavansadnienisu (0.41%)
nsnsaeuasngnuaiid esfuanasaaa 3 vila MeUfAsensivasuulasdvienznou nudn
ansafinumusasaseiinevdnnnuansngnuall 5 nau lokd Fluedn valuesd wounsiedluu laswesiu
wazunudy druansadaeniguiiitinas wu 3 gy un wounsiedluu lnsimesfiu wosunudu
Huesdusznoundn Mnuan1svadeUdenndesiuTIBuves Widyawati et al. (2014) lés1eamudnaninds
vesivhazaefusnssfilunssuiunsataiinadensainnauamgnuelifuanmey Tasaztuogiulassad
uazsilavesananquansngnmaiiny  annisAnuiluassdwunguarsiifunumdidydeniseangnd
msdanmvatesin Tasanizansnguiiuednuagathussdfunguarsiifinismeauisgminadiniw
ogaunIaNY Wy ansatemuaussiueyyadastlutenglegluaniizauna fudeuuaiidefinelse
FliaunsuuInuaray fumssniauesints asUszneuiiuednuasianliuesdilasadiitidnaoudnegs
Frlvavagldmluivnazareiitds (Thunemunnithum et al, 2018) lumsnsramUSinailueansan wuth
Iumiaﬁ’mmmuaaﬁﬂ‘%mmgaﬁqm F9989FD Esannleiaesen (105.91+0.70 uag 1.40+0.07 mg GAE/g,
dried weight) M15n3I9mUTInamalauesdsiumuin ansadaumueaiiusiusiugsiige seasnde
asanmeaosaen (19.41+3.13 uag 1.72+0.24 mg QF/g dried weight) duansatmonauluidodiunsieling
asnquiluednuasrlanliuesdmeuisenisiindvienznou N1351891UV89 Kebede et al. (2025) Wuil
LumuaaLﬂué‘ffaﬁwazmaﬁﬁ%ﬂﬁqaﬂdmﬁaaz%LmnLLazLaﬂmﬁu JEunsannnguansdfgyediiuednuiay
waTuesdiiuasUsznouiifidalddonded esannquansiiidrazavansludvinazaneiddalaa
FsansUsznoviiuednuazialussddnlnyinulusssumaziivglensenda (-OH) Aasgiulseslsundn
(Aromatic Ring) lulasaasns Tnsanautiidagyinlviansuszneudinananunsnazaneniegnadnoonuiléd
Tusvhazaneiivflensendaluluanamiloutu Tnsendendnns like-dissolves-like ¥ilaumueaiin
dunsisenfuansuszneviiuednuazwanliussdldfuazdsmaliarsatnfiafnsoiviazarowmiuea
Tsnaihuenuasnanbiuesfgnhansainanieiaerdianuagieniay ndeyamsnauiuednuazanliuesn
§sunsfigatiudriniuszansnmgdlunisinduluanasendladdlvg uaveuyadasy dufedediu
Tsavanswila Wy lsauziss Tsagiud warlsavaemdon [Hudu dafuasnduiluednuaznanlauosd
ordutladodifyiidauaiuguidueyyadass (Saeed et al, 2012) manadeugafueyyadaszie
% DPPH uaw ABTS nuhansainumueadinvislunssudiouyadassifian (C,, = 0.16+0.05, 550035 g/mL)
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J99aNAR ansanaleiiaes@ian (IC,, = 3.05+0.46, 350.15+1.41 ug/mL) wagansainianiou (280.36x0.69,
4968.69+16.65 pg/mL) dwnsnadeusngds FRAP TnenisSindann Fe* Tidu Fe?* Jalfouaiioudu
msliBidnmseunieyyadasziiieloyyadasvegluannsdiieatios wuih asadawmuoaansalviBlanaseu
LLfﬁa%aﬁaiﬂé’aﬁqm 589a91AD LBTIARLTeN wazlenwu (FRAP Values Windiu 560.51+30.90, 7.65+0.40
wag 0.13+0.01 mg FeSO,/g dried weight a1u&a16U) fmﬂNam'ivmaaUmmmmialumiﬁ'}ua%aﬁasz
71 3 33 Idnaaenadowmazlulufimmafiaiui asatauuesaiionslunisinueyuedasyifiansiuluis
ﬁﬂ%mmﬁlua%ﬂLLamebuamﬁ‘sfmmﬁam%ﬂﬁw Faaonndosiu Lamkhwan and Seekhaw (2025) #ilin551eau
nountihidn Uuaiiuednuazianliuesday WUSHUASINUDYYADATY LAY AnadsvesTamueinuas
wanlaueesa iaummLaa&JSUaﬂmmmmaﬂumimuauuaaasvm 3 danuuaneivegelidudAty
yredRTesURLoii 95% (pvalue < 0.05) UenaNtMITIBINUTBS Kiss et al. (2025) wuh Vsannifhuedn
wazWaluesdsluasatauaninnudiiusludeuindunmedeugvidueyyadasy lngasadaiid
Uhinaflueanuagahussdnuiigiazuansgvissueyyadassiiddnenin idesniiviinamesasuszney
Tusdnuazrlathusedsiuiigedsdinuantalunsinduiveyyedasy Iaidnnseunneyyadase uazyily
ouyadaszegluanniladios

Mnnsinyesitludfenfuiuiredn Tnsnnzeesnrusng (Bouea macrophylla Griffith)
wuhansadanetvienusannlutzUssgaslusmenguasngnuaiiididgvannvansvia 1wu asUszney
Indtluea uwnuiiu Walueed avesesd lasesiiueed nsaludu ¥lullu uwasdanasen wazdadiusunn
Wua%mmzﬂaﬂauaaﬁﬁwﬁqq (88.78+6.51 mg GAE/g wag 70.66+7.51 mg RE/g) Wil anuSunamanlavoss
fananTenulagiiguiuasuInggIugau (Rutin Equivalent, RE) Fadumsauaziaduilldlunsdnuil
fisufuansnasg @iy (Quercetin Equivalent, QF) FdlsiasnsnihddiauiaeuniBeuiieulasasild
Feliudhdenseengrismadinmlumsiutegatnuasiufusadusndenungn (Hela) uasamedldleg
(HCT116) Tneuansen IC,, vosnsdudiwaduzdarniu 2040.8 uay 28+0.9 pg/ml UoNAINENANITIATIZ
peAUsENOUMNLATiAemALla GC-MS wuii luaisadavetuieniueaveslungysalarsnqulndiuea
(Polyphenols) Wanlauess (Flavonoids) uasleWladu (Caryophyllene) whevea (Phytol) waznsud-asila
ilooa (Trans-Geranylgeraniol) Wussdusznouvdndsdsrasioniseongninisainimesisiivszansam
(Nguyen et al., 2020)

ogslsinu msdnwluadsilidunsfinvuieatuansngnuail Usinafuednuasriahuesssay
LLazqm%‘ﬁma%aﬁaszmﬂmiaﬁ’mLmﬁmuzm%ﬁﬁaﬁ’mﬁwﬁaﬁﬂazmmaﬂLﬁzru LOARDLTAN UATIINIUDA
Fumsinndeyalutudesiu mnfimsthluiauuasUssgndldmstinmsfnvifuduluddnuesHnssuiunis
afauuuAden WeliAnanuUaeniesenmeiamundniaeiieguniwluaues

dguna

Aa o

ASANEIEANRLLAANTESTANY I mumﬂmmammuaaLLamqwﬁmuauuaaaiwmﬂamwmmsmaa‘u
$1678 DPPH, ABTS uaz FRAP Bnvisdefiusinaftuednuaswahussdrugsiignilefoutuasariniiarn
Fesvhazanerindu fefuTwandidiviasataudaussdaduumdmesansiuoyyedasilidnsnin
ﬁqmsﬁﬂmwﬂLLasﬁﬂ'ﬁszqaaﬁUizﬂaumqmﬁﬁ'ﬁﬁiy sufsnmsnaaougsneiinmiy q sy Wy
guanistudaeulefinlsiua gnidunuafile wavqnidunssniauislunaennnasuasninadn

A & v ‘s' ° Y oA o & a o ¢ A ° = YY) U1
Weidugrudeyauazanunsavzililivienmundundaduiiaiesdion wiawndvdailuswanlisely
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Nt aUrasdifielnTsinadansindfifu sy Avinmeesiuudians nmssuuneuAniues
aulnesetiynUssiug deyegniuriusmandedeuealat suusimun 8,091 ewiAndiu HTElFARGoN
eaAauRiANLEINAN 10 ATuluTflunTieses dnaRande 1,767 anudadiu Tunsyuiums
vnitesdory Sunsunsiamiimuddyuaslfinanann iidedudenliveila Newmm nalla Deepcut
wAfla Longest wazmala Attacut Tun1sanA1 d@iunisasrauuuinassdmaiauaniug wadadnness
nnwmesudy wadamsmideutinlndiian wazmatansBeudvesiulideaula 3 4.5 esnbumade
Afimnundede Tésuenuien wazgrihluldedsunsvanglunuids msiaussansnmussnisdadild
#anN15 10-Fold Cross Validation lun1suustaya uaniusednsnmueini1sandisig A1Augnaes
AAULIUEY AAUIEAN wasAIATULLEN 1 NaNSVAaeINUI Nsafsewmeia Deepcut iy
BasaaduuuFeuiandeya amsadanmsanudaiiuiddmiiedlidumainsled Wevhuass
wuusiaesiomadadnneiannmesunsdiy Jsamnsadanisteyafififquuazaudniiuidudoulsa
s Adumenis Slifumenis uasdilm dmaldinstinadadindnhutuhlilduanismasesiiiian
Traugnifesifesas 93.42 Anuszaniifesas 97.03 uazAAzuuLe 1 A¥euas 94.54
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Abstract

This research aimed to analyze word segmentation techniques that improve the performance of
sentiment classification models for Thai people’s opinions toward artificial intelligence. The data were
collected from social media platforms, consisting of 8,091 comments. The researcher selected only
comments containing more than 10 words for analysis, resulting in a total of 1,767 comments. In the
text mining process, word segmentation is an important and time-consuming step. Therefore, the researcher
employed Newmm, Deepcut, Longest, and Attacut techniques for word segmentation. For model
construction, Naive Bayes, Support Vector Machine, K-Nearest Neighbors, and C4.5 Decision Tree techniques
were applied, as these techniques are reliable, widely accepted, and commonly used in research
studies. The performance evaluation employed the 10-Fold Cross Validation method for data partitioning.
The effectiveness of the word segmentation techniques was measured using Accuracy, Precision,
Recall, and F1-Score. The experimental results revealed that the Deepcut technique, which is a
data-driven word segmentation approach, could effectively handle comments containing new or
informal words. When combined with the Support Vector Machine technique, which performs well
with high-dimensional and complex data containing formal words, informal expressions, and newly
emerging terms, the combination achieved the best performance. The results yielded an accuracy
of 93.42 %, a recall of 97.03 %, and an Fl-score of 94.54 %.

Keywords: Word Tokenization; Opinion Classification; Opinion Mining in Artificial Intelligence
o
UnNu

Tutagdumalulagdayauseivg (Artificial Intelligence: Al latnandunumluddsnuseiniu wu nsld
YyyrUsehvglumnamsunng (Kaya and Yildiz, 2026) nslatygyuseivgluuiunmaizinis (Demir and
Egbert, 2026) nsltlyay1useuglusmunsfing) msSeumsaeu (Turmuzi et al, 2026) nslilyaUsehvg
s[,umsa%mﬁamLﬁamauﬁwmmaq;ﬂ%’ (Charmanas et al,, 2026) anmslnuilygrlssivg Gedaulng
wansmuAaiuso ey 1Ussivg vudedsauesulatilusuiuain Tnenisieszianudndiusangn
SuuneonduaudniuiuBuinwazi@sau (Phaewattanakul and Luenam, 2014) myiiuiiosmudn
(Opinions Mining) tHunszuiunisfitnidetemhuldlunsiessianudadiu
mssasiduduneuitdduerlinannnlumsimilesteriny (Duangtham et al, 2025) Wesan
mwlvglifimsuunssed milsumwidinge weznwlvednmslimuszaniunisyuiuvemansmnse
wanene1ee sunniinsiadRanainazvilisdeanunuiefinluainiia (Damrongkamoltip et al., 2024)
Feiimideunainildvhmsidslusuresnsiad Tinsgiinalanisiamiissavinmanian fanuide
299 Bowornlertsutee and Paireekreng (2022) laltimafianissina 3 waia laun wealla Newmm
wAllA Longest uawmatla Attacut wiingudeyanieds 10-Fold Cross Validation wuiinisandmigmadn
Longest FLUNMIBNATATNNDTANNLAOTUNTTU (Support Vector Machines: SVM) Tiaaasusiugn
(Precision) gsfign @uau3deues Manhem et al. (2020) Idlfimadanisindr 3 wada ldun wada Mm
wala Newmm uazinalln Longest wiingudoyameds Hold Out wuinmsanmewmaila Newmm
Suunsemadasuliiinguls Wianugndes (Accuracy) uazAANuusiudgsiian sw3seves Duangtham
et al. (2025) laltimatan1sdndl 3 wada loun wAla Longest matin Newmm wagivalla Multi cut
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a s

wiangudeyaniels Hold Out wudnisdndemaila Newmm d1uunmemaiianisannegladadind
(Logistic Regression: LR) Iﬁmmmgﬂé’aqqqﬁqm

MTIATIERANNAATY (Sentiment Analysis) 1 UunsAnwlagldinalinnisinsizianufndiu
mwiAn mMsUssliuiruad uazensunivesausiodsiiale AuansoonuluguuuuvesnisuanseuAniiu
MyiAsinunananudniu fuanieonuievsenivnnuidndainviedeay elwlddeya
Tumnihluadsuuusass Wolaszst (Md Suhaimin et al, 2023) fauisoves Laowsungsuk et al. (2017)
lidnswianuAaiiuisaduiuemmsuudulediin mndgmnisdnduladeniuemsvesduilan
ildenanduiuiuiasindwaunn  deddnailumsenFiuiemdeasy fidelsianunssuvinge
wazaguanuAniuanivlediuuusnlul@ duaueduilaaluguuuuniinieliiiedenisdndula
TneltimadaUszanananiwsssumd wu madad uaznsnmeilasiailsslon ieduunamuAnuiu
Bevanuasisey Mnusansmadussiummfiavelaluguuuunsiin seasuanglinuh nsasuauRadi
suuimsuazemsedluseiud vauiidudu 9 eglusyiumeld drusmAdeves Chantanapelin et al. (2024)
ldfnwnsiannuazmsuimsdansluanuivioadivalasnslitedonman neliinelulad Chat-GPT
iensinsgimuitselavesilian Anneiteyaitofnnagnsnismaniimnzauiuuiuniesiu Tngld
mMsUszananateyatldnnmsnuin msfansesteya uazmsdmundeya Welidmiunmsinnesitoya
NaNFIToNUI1 911337 434 TI8NT (HANAL WA 2565 - NQWAAN WA, 2566) AziULRAY 4.2 A daulug)
w3910 Google Maps Imaﬁﬂviamﬁmé’aﬂqwmmﬁqﬂ Sovay 39 anuAnviudulvg dudeun Sevay 55
AMUAMTILAINA1 Soeaz 23 AnuAniugeay Sevay 13 AuAAUNaNNaIUY Seuay 9

msadauuuaonfiomssuundutumouniduneimiiodoenutuiy unieseienudadi
é’wwmﬁﬂmiv‘hmﬁaﬁagamzmsﬁaulﬁﬂuaam‘%m (Machine Learning) aildlunmsadauwuusaeaiionissuun
fmidenanevinlilfimadadenan faanddeves Sancoko et al. (2022) ldfnweuAniure it
mytesiuladn-19 Mndeyauuninmes Mmewmalaudniud (Naive Bayes: NB) walansiSeuivewiuld
dndula & 4.5 (Decision Tree: DT C4.5) uazmaianisvioutulndfan (K-Nearest Neighbors: KNN)
lunisnaseslinisuiingudeyanigds 10-Fold Cross Validation l¥A1mugnees A1mIusedn (Recall)
wazAmAIMiug Tumsinussavanmussuuuiass wuimaiaunBwudainauuaesBiUsyavsnwasTian
d1U9U398U09 Handayani et al. (2024) ”lﬁﬁm-nmmﬁmﬁumamuﬁu‘lmﬁ@aLﬁ'mf"fwﬂﬁﬁmi%umaiﬁm
vliuas ICONNET anndeyauu X (An winwes) tnedl 2,720 anudaviu dwaliaudnug uaznaiia
dnnesannnesuusdy lunmeaeddinisulinguieyameds 10-Fold Cross Validation ldRAnugnsas
ArNNLiug Arausedn lunisindseaniaimvesiuudiass wudnunadadwnesnninesiusdu
ahauvudaesiiiiusyansnmgedign

Mndansiadiidmadiouszansamussuudtassuaznsidsludagudunsisuiiou
BnsdadaneuAniludedaueeuladieliygussivg filnsidoidudwiules ﬁﬂﬁuﬁiﬁaﬁmﬂa
flarAnwn1sdaddae waila Newmm wafia Deepcut wafia Longest wazinafia Attacut Tu Python
Library PyThaiNLP sanldlunmsdnmniwnineuazimaiaudniud wedednnesannmesiuastu mada
msvifieuthulndiign matiamsGeufvesiulifdula @ 4.5 anlilunsaheuvuhasiuarfaussavsnm
Tumsdndn §33elaldndnn1s 10-Fold Cross Validation lunisutadeya lneutsdeyaseniduyaiinaeu
LAZYANAROU N1THARIUTEANSAINVBINISARANIY A1AUYNADY ANANKINEY ANAINTERN Uay
AAziuen 1 (F1-Score)
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A5 UN15IY

Wanlunsideiluseneuiiy 4 Juneu lawn niswisudeya N1sAREeNANENYUELAZNISAILUARANE
MI3asluUIIaes MyinUsyansnmuawuuiiaes (Maisook and Thongkam, 2025) Ingiiseazidensisgui 1

g o o N P v 5 2 <
Sunoudi 1 mim?uuiag;a dunsui 2 MaAnianAMANLE Funaudl 3 MsasISuULSI@Rs Junauil 4 myinUssavsam
HASN1INIUAARTE VBUUUIGABY
o wailawdvig »
- AWNANNTT

* MIUTIMVAYR T (Naive Bayes: NB) -
* MIMANNAAIATAYA : m:?f:m’;q;::namv » wailadwnasawaninasusiu o 10-Fold Cross validation
« msdad B — e — (Support Vector Glassifier: SYM) —  ioTom

A P > v
« wailamsmifouvlnaiign « MANUGAADY (Accuracy)

(K-Nearest Nejghbors: KNN) « AANULUEGI (Precision)
« wailansSougvesnuludndule « AAWEN (Recall)

4.5 (Decision Tree: DT C4.5) + AzuMIUEN] (F1Score)

JUT 1 dupsumsiinUszdvanmnisiesizinnufadiuiemedanisine

1. maaseudaya

1.1 musudeya suswanuAagiu (Comment) Afetosfuliyyussivinndedsnuoeula
Sruauiamun 8,091 AruAaiiy daustuil 21 fquieu 2560 Aetuil 24 ngedmeu 2567 udlHlUTuNTY
Web Scraper Chrome Extension ﬁﬁagaﬁﬂﬂL’de%mﬂlﬂLﬁUﬁﬁ I Microsoft Excel

1.2 vhenuazendeya

m3miarvien (Stopword Removal) miadiay fdndsnysnwndnge MIndysnuel
NNAAYDIIN
msviAlmlunmnsgIu Beguikuu (Text Normalization) msvilriguuuudenudiunmsgiu
fdnasziazasragndlunsinsunsiilisidudonsieseidieen thun ldenun (9) Weades (1)
Wenalug) (1a%) Wy /11 “B999” — “/7 Mdansanides e fuifsnesen Weifuensual wu
A3 “AunNnnnn” — “Aun”
nstfusuaus (Word Count) fustuaudluwsazanudndiuainanufadiusiome
8,091 audnuiu Taglineliamsindrie 4 weda ldun wadla Newmm wiafia Deepcut wafla Longest
uazmadla Attacut faauAsiiuiidesndt 10 /1 AduauAaiuientu e 4 welleeon esn
auRasiumatuduAuly llannsedeldfensue] ANUFAN WRoruAniu $1uU 2,104 AuAnLil
nsfnpuAndiuiliAeates (relevant Comment Removal) faadadiuillidiedos
Jygnuszinvgosn Wy AnuAaiuiussuudss ssuunwvesidleludedsauooulat anuAsudiuse

<
v

fsnsfuIIEy AUAMALAUSY wwada sy

dﬁ

vl dunnsgiu 1@eanumung (Lexical Normalization) nsusudilvifiauviang
wespudiy uiddnwsgaduduiy wu A191 “aun” — ‘AUz’ wARIAn Aen Wy A1
“Grunn” — “Annn’ wimawduduniwnas wu s “Un” — W

mMsfnenuAnuiilsifeteuasmavidlrdunnsgudnnumng idshnsiansan
ynarwAaiiy Taefimsseanddunwilnedisfionsan wednisdwanynsusenou ludunougeiig
VRINILFTEUTRYA limdennudniiuiiansatuldouldaiesam 1,767 anudaudiu

13 famainanudeuiu 1,767 anudaiu tngldiedesilo Python Library PyThaiNLP lausis
UTEHaNan1¥I5351RY09N 197 IMBILUY Open-Source Favmudaen1w Python (Phatthiyaphaibun
et al, 2023) iWu Msiiunthivesd (Part-of-Speech Tagging) NsuUMLhEvaIToATMALMENNTFERS
(WeeA M wazuselen) (Phatthiyaphaibun, 2020) (PyThaiNLP, 2024) finfmisinafianissnan 4 wada laun
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watla Newmm 188msdnduuunaunsy (Dictionary-based) lagnannsly Maximal
Matching aneléiouiusmes Thai Character Cluster (TCC) wianng TCC TUSuUzuén Newmm Fanmieue
wazUsEAnsannsAuin dmsunudadniulveialy (PyThaiNLP, 2024)

wiAlla Deepcut l¥HNsARFUUUSEUIINTeYA (Leaming-based Approaches) ldwuuiEeus
\W9dn (Deep Learning) lnalassasnsld Character Embeddings wag Character Type Embeddings
Junndnwazind: 14 Convolutional Neural Network (CNN) wuufifides wieunisiuwunussaniuus
iiesrysdnusGuduvesilaegiaustiugh (Laosen et al,, 2024)

waila Longest 1935n13dnA1LUUNAUIYNTY (Dictionary-based) 1neld35 Longest
Matching vidnnisfie dumzaumadlaeniaden “milemftaasidulls” snmauynsuludernudy
(Phatthiyaphaibun, 2020; PyThaiNLP, 2024)

wialla Attacut TN sdinduuuSeuinnteys (Learing-based Approaches) THiesetng
Uszamiiedn (Deep Neural Network) 10 CNN Tun1sdaAtegneiiuse@nsnin lae Syllable Embeddings
$2fU Character Embeddings vhnthiifuandnunzihigh uenaniifild Dilated CNN Fitters iftodugtuuy
mamwilvefidudounazavienseu (PyThaiNLP, 2024; Laosen et al., 2024)

2. MIAALFINAMANBALLAZAISAVUAARATE
21 m3fndenAnaNYLY

msfnGenAmanuMy {I8lTItBRaIfmN (Lexicon-based Approach) lagendemnauinsa
vidondsmiifinsdmuaeiauidnlidami eliidudeyasisdslunmsiinszsidenim (Noonpakdee
et al, 2023) §5manarnduisiugnildsuaruioegiunsuas Wesmnannselinszitennls
Tnglsidndugedidoyaiinaey sneanBmsBeuiveanios (Machine Learning-Based) lnevimsnsiaaeud
Tudszleaifanuvsneideuinioday uaztihsnyseifiuanuianlnsmvestonnu (Sadia et al, 2018)

Tutunounisdnidenaudnuae §IdeEuannisadiena (Bag of Word) 91niudaviinas
angUdlviegluguressndmi (Stemming) ifiosanuadnsanmssinmenadimuramedou Wy nsind
vanFoiiu dawalildrndiligndes Safosiinisusuuddligndes wu fin “Asmnau” — “Aans’
“ulan” — “Tan” “whanla” — “anla” Wudu Tnggrsdamndniannnauiynsy

seunf3delevinnisinuauszianvesd Tagldiedesile Python Library PyThaiNLP
ASsaAIY Orchid ud waw Pud Uszﬂauﬁ’uwwmﬂsmLﬁaﬁmumﬂssmmaﬁﬁﬂ widenionymiiulszam
Famdnit fn3en dnderiieval sllumslieset Tnefussaniannsndelddsensual anuddn

anihs illdargnininimuamanudan (Sentiment Scoring) iflesanlutlagiuntwlne
frunanaumnuALIAN (Sentiment Lexicon) ﬁlﬁ%’umiaau%fuLfJummsgmél’miuﬂwﬁﬂﬂqw (Sadia et al,
2018) FAdealdimsfiansandusazd dslunsdiidiianuing §33eldlY chatcPT (Huindesile
Tinsismiunassaseulasinaenndiuntine Wefvsaneugndes wEmERnIInedun
sggnrmuaandy 1 midanusneieauimuadidy -1 sazdiliamsassymnumnodauiniieay
IsagimunAndu 0 uaglihanldlunsinsei fnsed 1
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A15°90 1 N1IARERNANANBULIMNQIALALTZUAIAINIAN 1TIUIN WasiTeay

A Uszanan AIANIEN
@i AAANT (ADJ) -1
AN A1N3e (VERB) -1
YU A1n387 (VERB) 1
#1u1n ANseTILAval (ADV) -1
W A1N3e (VERB) -1

22 mstmusema Buanmsmanad Taenstusuudiioriuiiviluaa@adiuiedt
wagilsiamauddn iy fvin vu Tennudin o -1 Snisyeds 2 ads agldmamuiuiiy -2 vie
funaldnndnusimugnshomanuiinuesh mntmiassveshluisazenwAniu wafldagaung
wisamaoenld 3 aana Ao nsdil 1 wnwasaudidduuan arwAndiuiuaregluaaia P (Positive)
nsdifl 2 vinuaruianduay Anudndiuduazedlunana N (Negative) uaznsdiil 3 vinuasauiiandu o
aruAnfiutuazegluaata NE dmnsadl 2 uagawdadiuifinanaidu NE tuazgnaneenainyatoya
faguil 2 snduimiadaaeding SUM iilethdeyaluairauuusassdely

a15197 2 $1u3uea"aE P (Positive) N (Negative) way NE

WAtANIIANAN P (Positive) N (Negative) Aand NE
Newmm 806 509 231
Deepcut 741 520 219
Longest 814 500 233
Attacut 740 534 207
nan & [ vinsiou [ Wein 9 sy au 89 | & | wua vy [ ueiseu - - suM | cLAss

1 0 0 0 0 0 0 0 0 0 0 0 0 NE

3 1 0 0 0 0 0 0 0 0 0 0 1P

0 1 1 0 0 0 0 0 0 0 0 0 2P

0 0 0 0 -1 0 0 0 -1 0 0 0 -2 N

1 0 0 & 0 0 0 0 0 0 0 0 2P

1 0 0 0 0 0 0 0 0 0 0 0 -2 N

0 4 0 0 0 0 0 0 -1 0 0 0 3P

0 1 0 0 1] 0 0 0 0 0 0 -1 ipP

0 0 0 2 0 0 0 0 0 -2 0 0 0 NE

0 0 0 0 0 0 0 0 0 0 2 0 1N

Ul 2 shededeyanmivesdilumsimunaaia
3. MTASINUUUTIADY

nsaauuuaeaiiomssiuun TunmAdediideldliiusunsy Weka neddu 3.8.6 Tnelien
wisnosmuAEuduveslusunsy fai

3.1 wedawdviug (John and Langley, 1995) umafinn1sduunaiunguivoaued
Ingldgnsnundamanslunsiuwimanuiazdureansnisal (Shang, 2024) feflinude fnnusine:
fuseBvBnmd witidoyatios aunsoinrsioyafidudunsdlii sesfudomalifuuuradouarilsideiios
(Ray, 2019; Mohammadi et al., 2019; Sheth et al., 2022; lakovidis and Bozzeda, 2025) 19311
I%Laaﬂuﬂﬂﬁﬂamé’ﬂwmzLﬂuﬁaLLﬂiﬁiaLﬁaa Tmheanusannnmadady 9 defifuUsranesh (Ray, 2019;
Mohammadi et al., 2019 lakovidis and Bozzeda, 2025) ﬁ%%’ﬂlﬂﬁ%fﬂiﬂﬁmaﬁ( Kernel Estimator Way

Supervised Discretization

ISSN 3027-6756 (Online)

Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

100




RMUTI Journal Vol. 19, No. 2 (May - August 2026)
2> e266053

RMUTI Journal

32 naladwwesanninesuuydu (Chang and Lin, 2011) ldwmiunsduundszinndeya
pondu 2 Class ﬁwiwzﬁwﬁumﬁqm (Maximum Margin) (Aasim et al., 2024) #&nns Aiw N334 Hyperplane
Hunsvyedeyatioglndfuduudmauunudeyarisanstls (Methachaloemphat, 2022) fefianunsadnnig
flerufidudould mnfmun Kernel Function fimisngay (Ray, 2019) Siaanununiusietlym Overfitting
Tnetannzagnsislunsdiitoyaiiiiigs (Aprilianti et al, 2025) aunsamvsuwansinaulaidudevlsiogad
Use@nsnn (Prakash and Poulose, 2025) 993110 Uix?m%mwwammLﬁaﬂ;m%’auuaﬁmuwmimyjmﬂL‘Wiﬂﬂf?j’
el M1V Kemel Function #iwingawvhlgienn ﬁfmuléﬂ,aj?wLﬁa%’agaﬁﬁmﬁgmsumumﬂ (Noisy Data)
(Ray, 2019) 33eldlinn515imes Logistic 19 Poly Kernel uag Epsilon = 1.0E-12

33 wedansviiieuthulndfian (Aha et al, 1991) msthvusraavestoyaviseynsnotnilvs]
wgnaantsallvegluraaioatufuiiioutuilngfian Tagldinada Monte Carlo aunsafvuaiiud
vosmegslndutednglalnglufosUseiduiandudnuuni@audu (LSF) (Khunsuk and Thongkam, 2020;
Roudak et al, 2024) o7 Wumelaficeuieuazdtade aunsethluduldne e uuuiaddsng,
waglsifiaddnsiinuuudaesiidudeu ansnsnsesiudeyatiivansthefiu (Multiple Class Labels) fodrin
msduundeudlymiusazads fosdunszasmaes K ileuthuillndfiandddinanunn Wewunevesyndoyefin
fouelvgfiu nsUszananaasdudeunaslfinanunnty amnuuiugavanas (Ray, 2019) Hideldlimsiines
LinearNN Search Tumsniiteuthulnddign

34 welensBoufvesiuliindule & a5 WumelafBemnung FThen Boudanmsmangiu
wensalehe 4 Tty Taeimsssdeuluiowamnnsalig « Tuanmadnsetsls (Rodriguez et al,
2024) dwawslugluuuvedasaiadwiuldl wisedeyaseniudiuges 9 gaveudiaziiludnmswennsal
visonssinduladl (Prakash and Poulose, 2025) doildliaiutlymnissuunuazmsannss Wiladouay
faruldaznin sessuisdoyadamnanuandeiunn awsadanistuaiimeluld tnsunuaidaed

[

ﬁﬁmmﬂwmﬂumnﬁq@ (Ray, 2019) annsavauldddiesiuiunaiatios (Mohammadi et al,, 2019)
JadninenaLin Overfitting 19418 (Prakash and Poulose, 2025) 81alsit@tios (Unstable) mﬂ%’a;&am%au
Wsndniey muauvwinvesiulilldein (Ray, 2019) Qﬁ%ﬂiﬁlﬁ?ﬂﬁﬂﬁma%miﬁﬂﬁ& (Pruned) T4n1suanis
117131 2 119 10 Collapse Tree 19 Subtree Raising wag Confidence Factor = 0.25
4. N13INUTLANTNINVDILUUTIADY

nMsSudieuyszavsamueanadafivhinldahauusiaes Ivhaulddiivseansamanntes
b sunasarmualy (Naivjit, 2023) Tueddeillaldndnnis 10-Fold Cross Validation Humdnms
Atlunsuwiedoyaeeniiu 2 yn Ao wilnaeu (Training Set) wavyAMAABY (Testing Set) toUszdiu (Evaluate)
UszAnSnmueswuuiiass (Soontranon, 2024) neuusteyasenidu 10 duwin 4 du 19 9 drudu
yilndeufndedn 1 dmiduganeaey vidinsiinaounasnadeunuusaesioun 10 ads Tnsaduld
duvosdayafiunnssiulunisvasouusazads  eliilvinnauvestoyaldgnldiiuisdeyatinaeuuay
foyaneaou (Malakouti et al,, 2023) MntuvhnsvAadsvesAATugnies AANLLILE AATuseEn
wazApzuuwen 1 iiionanwssdninmuuusiass

AAdnagndas fe AkuudiassassaduunanAniudInuazidsauldgniessedau
AR Le Seaunsi (1)
TN +TP

Accuracy = (1)
TP+ FP+TN + FN

ArAaaiug fe ArfuuudiaesEunsaduNANANLEUINLAgNFADY denaTINveAd
LUUTIReIEINNTTIRUNANLANTUTIUINlAgNABfuATILUUTIaesEINIT TR UNALAMTLTIUINTA
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Liigndes Asaunisi (2)

Precision = L (2)
TP + FP

AIAINIEAN Ao ATTiLUUTIaesEIIsaskunALANUTIUINlEgNABY doNATINYEIANT
LUUTIaedasaLunAMLAaTuduInlignAsiuAfiuuudiassaunsadwunauAniudauld
lyignaes fsaunisi (3)

Recall __r (3)
TP+ FN

AATLULLEN 1 AD ANAINANAATENINANNMINEAZAIAUTEEN AeaunI1sN (4)

Fl—Score = 2x Precisionx Recall @)
Precision + Recall

Taofi
True Positive (TP)  fis Arfiuvudiaesanansaduunanudaiudauinlignsoes
True Negative (TN) A9 ﬂlﬂ‘ﬁlLL‘U‘Ufﬁ"maﬂﬂﬂuﬁiﬂﬁ%mﬂﬂ’l’mﬁﬂLﬁut,‘?jﬂaulﬁgﬂﬁad
False Positive (FP)  #e nilwuusiassanunsaduunanudndiiudsuanldlsignios
False Negative (FN) @9 mﬁuwﬁi’wammmamﬁmuﬂmmﬁﬂLﬁul,%qaulﬁlﬂgﬂﬁm

NANISIY

IR UsTaA e AU INATANITHAA LN UL ANT AINUBILUUIIABY. NITIHUNANUANTUYDS

9

Aulveselyauseivg lnediasizimatianisdadn Tu Python Library PyThaiNLP 47uau 4 waile laun
wAtin Newmm wialla Deepcut wiafla Longest wazmalln Attacut Wiumiusiudeyarudsiugenulne
rotyaussivgndedinuesulailddeyanun 1,767 anufawiu anmsveaeaunsaialszdnsam

YBIUUTIADY MLAIAILYNABY ANANILULIUET A1ANTEAN WazAIAZUULEN 1 A9 3 - 6

A1519% 3 mmmgﬂé’m YDILUUIADI

- . wiatlan1sfnAN
WAUANTIIVILLUN
Newmm Deepcut Longest Attacut
NB 83.73 86.36 82.88 84.54
SVM 90.49 93.42 91.10 92.46
KNN 81.75 83.43 81.66 83.20
DT C4.5 71.33 72.16 70.78 71.90

1neNeT 3 wansranugndedlumsiuunveuudiassiadlnemada NB SYM KNN way
DT C4.5 fldnsdindsnemafin Newmm Deepcut Longest wae Attacut Wuhnmsadwuudaesiionssun
thematia SYM Tmanugndesgean Weliineda Deepcut Tumsdndiiesas 93.42 sesamnmatia Attacut
lumsdnAlviraugndesseay 92.46 matla Longest TiA1Augndessasay 91.1 uagimaila Newmm
Teamgnéesiosas 90.49 muady usmaia Longest liAnanugndeaesiigaifloatrawuudiasy
ilensduundeimaia DT C4.5 frflgniovas 70.78
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5199 4 AIAULUUEIVBILUUTIADY

- . WAdANISANAN
WMAUANIIVILLUN
Newmm Deepcut Longest Attacut
NB 82.56 92.02 79.32 87.66
SVM 92.67 92.18 94.23 91.18
KNN 74.59 87.36 75.05 86.94
DT C4.5 71.43 78.85 69.86 71.90

99T 4 uansAeuuiuglumssuunveswuudiassiiaalaomaia NB SVM KNN way
DT C4.5 fldnsdindsnemafin Newmm Deepcut Longest wag Attacut WunMsadwuuiaeaiionssuun
shewmaia SYM lidanuwsiudigan wWeldinaia Longest Tunsindiifesay 94.23 sesawmmain
Newmm Tunisanalapianuuiug1sosay 92.67 watla Deepcut TA1ANULLIUE1To8aE 92.18 LAy
waila Attacut WidiAuusiugnfesas 91.18 mud i usmaia Longest TiAianuwiugiosiian
Foaauuudasailenisduundemaia DT C4.5 dilaniosas 69.86

A151971 5 ANANNSTANYRILUUINEDY

- . WAANISANAN
WMAUANTIATLLUN
Newmm Deepcut Longest Attacut
NB 73.48 84.08 74.40 85.41
SVM 81.93 97.03 81.60 96.35
KNN 80.16 83.94 77.60 83.65
DT C4.5 43.22 71.93 40.80 84.73

N7 5 wansAAusEantunssuunveuudiaesfiailaemaila NB SVM KNN uae
DT C4.5 fdnsdindsnemafin Newmm Deepcut Longest wag Attacut Wuhnsadwuuaesiionssuun
shewmaia SVM TiAnanusedngaan Weldinadia Deepcut Tunisdindriifosas 97.03 sesawmmain
Attacut TunsdaAnlianauseaniosas 96.35 walla Newmm TAianuszaniosay 81.93 wazivaila
Longes TAAszanIosaz 81.6 mua1fu uwilnAlla Longest Iﬁﬁ’lﬂ’mmwﬁﬂﬁaEJﬁEjﬂLﬁ@ﬁ%’NLL‘U‘UGS’]aEN
ilensduundeimaila DT C4.5 drilandosas 40.8

A15197 6 AAZLUULEN 1 YBILUUTIaDY

- . WAdANISANAN
WMAUANIIVILLUN
Newmm Deepcut Longest Attacut
NB 77.75 87.87 76.78 86.52
SVM 86.97 94.54 87.46 93.69
KNN 17.27 85.62 76.30 85.26
DT C4.5 53.86 75.23 51.52 77.79

INAT19N 6 LANIAIATLULLEN 1 TUNITINLUNVBILUUIIaRINESaLA8nATA NB SVM KNN way
DT C4.5 MldnsinAimeimalln Newmm Deepcut Longest Wag Attacut WUINTATILUUT 0NN ITILUN
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