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ABSTRACT

In this study, a new summabilifactor theorem is obtained for generalized absolute Cesaro
summability methods. By choosing suitable values of the parameters in the general result, the

method|C,a; 47{(is obtained as a special casg of|C, 4 summability method.

Keywords: Absolute summability, Cesaro mean, summability factors,-demmeasing
sequence.

1. INTRODUCTION

Let (; ) be a sequence of complex numbers an@let, be a given infinite series with partial

sums ,). We denote byu? and t? the nth Cesaro means of order (a> 1 1)
sequencesd,) and (na, ), respectively,

2 1.0 2
un :_aa Al—\}S/’ (1)
v=0
. 1.0 21
tn :_aa Ah—vvav’ (2)
v=l
where
._an+ta 8
A1 - G:O(na)! a >l
¢cn =
3)
A =land A’ =0 for n>0 .
The series] a, is said to be summab'@,a|k, k2landa > Jif1([1])
2 1fgal€
el < @
=1

n

and it is said to be summad@,a; 4{ k 1,a> 1 1d2dnifd[2)])
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an*f < e ®
n=1
The series] a, is said to be summabje- |C, c)ﬁk k21 ,if ([3])

C <l (6)

al.wi-ul)
n=1
2. KNOWN RESULT

Bor has proved the following theorem in [4].

Theorem 2.1.Let 0<a dl. Let(x,) be a positive nodecreasing sequence and the sequences
(b,) and(/,) such that conditions

|D/,|¢ b, (7)
bY 0 as nVYD,
anpp,|x, < r 9
n=1
/,|%,=0@1) asn- =, (10)
are satisfied. I f there (me%‘[yng)tissnonmoreaﬂngand0 such
if the sequence W ), defined by
£ty |, @=1
W‘z =1 (11
tmaxt?|, (ka <1)
1¢u &

satisfies the condition

Ay, |w) =0(x) asm- s,

then the serieg) a/, is summablg - |C, :#k kO1.

Lemma 2.1 ([5]).If 0<a @ andl¢v @n,then

¢ max
ictm &

aﬁﬁia$
pi

\Y
L a-1
Ei /\* PEiP
p=1

where A? is as in (3).
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Lemma 2.2 ([6]).Under the conditions ofx,), (b,) and(/,) as taken in the statement of
Theorem 2.1, the following conditions hold, when (9) is satisfied:

no,x,=ol) asn- =,

abnxn< u

n=1

3. MAIN RESULT

In this section, we obtain a summability factor theorem for the absolute Cesaro summability
method|C,a; 4{ as a consequence The fare &me Otler papers omr e m.

applications of absolute Cesaro summability methodg {s#@]).

Theorem 3.1Let 0<a dl. Let (x,) be a positive nowlecreasing sequence and the conditions

(7i(11) of Theorem 2.1 are satisfied.nl' there
is norrincreasing and if the condition

'arP. na’k-l(tna)k = O( Xn) asm- o,

n=1

is satisfied, then the serig§ a,/,, is summabldC,a; ¢ , k O1 .

4. PROOF OF THEOREM 3.1

Let (T,f’) be the Ath (C,a) means, with0<a d, of the sequencéna,/,) .Then, by (2), we

have
T =L 8 Allva/
A? ot -V \"
Applying Abel 6s transformation, we get
n-1 \Y n
T =—& D, 4A7pa, ‘o g
A1 v=1 p3 A] v E

so that making use of Lemma 2.1, we have
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T:

n-1
¢ia..
A

VélAprap‘ lﬂ

e va‘

¢ L& AWl D) Flw TR T
A =
To complete the proof of Theorem 3.1,

by Mi
show that

& n™T2 =12,
n=1
by (5).

Now, when k>1, irequaltywih mdjcesk anblldwheré—iy% 4, we get

%j:n‘”‘l 46 mén o p fkiénéts W b7

<\Ciox

m+l

¢4 n*t(A9) " anw)*b 5 " (X

n=2 Ive

<1

<O

:O(l)gln"k'l""’ av ‘(V\é);bv
vi

n=2

:O(l)g v (V\(f)k b, wé n'*
v=1 nv

m+1 ndk 1+e

=oWa v (w) s a

T ate
v=1 nv n

:O(l)am_ va-+ e+l(dl-(v\(l )5 b r~1x(3_+

e
v=1 v

:0(1)% Vb, ()

m

-0 tva) & (w) e(hmy @ (w)

v E

) mipx,

()aVI'DIXv 9(1)611@1|>% ) mpx @) asm- o,

v=l

by virtue of the hypotheses of Theorem 3.1 and Lemma 2.2.

Again, since|/ |=0(1/x,) =O(1) by (10), we have
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a
T2

m
a ndk-l
n=1

= an | ()

=0 |1 (w)

m-1

=o(a o) ai(w) e i & (w)

=0(Ma| x &1 4x,
n=1
m-1
=0(1)a %, )| fx, o3 asm- o
n=1
by virtue of the hypotheses of Theorem 3.1 and Lemma 2.2.

Therefore, we get that

“=01) asm- = for r=12.

a
Tor

gnml
n=1
This completes the proof of Theorem 3.1.
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ABSTRACT

In the present paper, we obtain a generalization of a known summability theorem by using a
more general absolute summability method. The aitheoétudy is to extend an existing result
established for a particular weighted mean summability method to a broader summability
setting. Under suitable assumptions on the related sequences, sufficient conditions are obtained

for an infinite series to pserve its summability properties.

Keywords: Absolute summability, Infinite series, Riesz summability, Summability factors

1. INTRODUCTION

Let (/) be asequenc@bservethad/, =/ -/, °D/ :andfork=1,2, ..,the higher
order differences are defined Iyf/, = O'D/ [1]. Consider the infinite serie§ b, whose

partial sums form the sequen(s) . Let (y,) denote a sequence of real numbers, all of which
are positive, such that

Y=84y - rasn- a,Y_ =y 6 m]l
i=0
andthe sequenc®-sequence transformation

n

ia Yi
n Yn < |$

defines the sequendg,) of the Riesz mean ofs,) generated by the sequenge) [1]. Let

(v,) be a sequence of positive real numbers. The sefid3 is said to be summable
<IN,y ’h’ k2 1and n 20, if (see [2])
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In the caseg/,, =Y,/ y, andn =0, the|N, y,

2. KNOWN RESULT

Bor [4] established the following theorem

Theorem 2.1.Let (X,) be a positive sequence and let

[$:/=O(X,), n- =.
If (/,) is a sequence of complex numbers such that
2 ay. P k
n R Xn < g
8= 0ilx)
A X,[D/,] < :

n=1

then the serieg) b,/ is summable#N, A

, k21,
k

3. MAIN RESULT

ksummability method is obtained [3].

CONFERENCE ON ENGI NEERI NG a

1)

(2)
®3)

In this study, Theorem 2.1 is generalized as described below. More contributions to the theory

of summability methods can be found$11].

Theorem 3.1.Let (X,) be a positive sequence and let the condition (1), (3) be satisfied.

Assume(y ) is a realvalued sequence whose terms are positive and which fulfills

Va¥a=0(Y,),

Ay hx,) < g
n=1

(11)

then the serie@ b/, is summable - |N, y,; ,t(’ k21and0¢n 4/k.

(4)
(5)

(6)

()
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4. PROOF OF THEOREM 3.1

Let (U,) bethe(ﬁ,yn) mean of the serie§ b/, Then, by Abel 6s transf o

Y, Yo YoS/ o
Un_Un— yl | I/
: YYnlf'i i wl.?m Y
:Un,l -Un,z l:'-n,S'

Now, from H° | andthecendiiions€l], @a (5) (7)y ,

ay .y G1 ent 4
K 1 n . 3 ~ +
geY— ot alsl !

n Tn.]_ll].:

nk+k 1
ayn ‘ nl

¢a

k-1
w+l ke nkt u
-0(1>ay"“Y ay(xl4)| & -
n-1i# | ni1i E y
1 1
-0wa ¥ (% ") a N
nr-1+
-0(1)ay"k (%] 1)
=0(1) asw- @.
Now, by again H°l derds inequality and the co
nk+k 1 ¢ ,kla)/ yn 1 e D.
ayn U, a geY—ng— alsll ’(u

w+1
nk-1_— 1 a

~

nl(;lé -
w+l 1 1 nkt Iﬁl
=0May; —aYXIDlll— & XDl
YnlI4 IYnl|1= y
1
-owa YX|o| & ¥ »
i nF M
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=0(MA V™ X|D{|=0@1) asw- a.
i=1
Finally, by (1), (4) and (5),

nk+k 1

w+l
a y n ‘ U n,3
n=2

“=0(1) ar; 1'(Xn| A)k =O(l) asw- @.
n

So, we have

nk+k 4

o k
ay. ‘Un,, <t forr=12,3
n=1

which completes the proof of Theorem.3.1

5. CONCLUSIONS

In the present study, a general theorem on the ‘N, Yo 't( summability method is

Y
established. If we sgt, =— in Theorem 3.1, we recover a result from [12] related to the

n

_ Y
‘N, Y. \4k summability of an infinite serief we sety , =—" ands =0 in Theorem 3.1, we
n

get Theorem 2.1.

REFERENCES

[1] Hardy, G.H. (1949). Divergent Series. Oxford: Oxford University Press.

[2] Seyhan, H. (1997). Onthe local property/ of|N, p,; 4 summability of factored
Fourier series. Bull. Inst. Math. Acad. Sinica, 25 (4),-316.

[3] Bor, H.(1985. On two summability methods. Math. Proc. Cambridge Philos Soc., 97 (1),
147-149.

[4] Bor, H.(199)). Factors for N, p, | summability of infinite seriesAnn. Acad. Sci. Fenn.
Ser. A | Math.16 (1), 151154.



BURSAI NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys,3 2BRPRSA
| SBN SRB2F7 251

[5] Bor, H., Ozarslan, H.S. (2003). A note on absolute summability factors. Adv. Stud.
Contemp. Math. (Kyungshang), 6 (1)11.

[6] Karakak, A. (2019). A new factor theorem
Carpathian Math. Publ., 11 (2), 3839.

[7] Kartal, B. (2019). New results for almost increasing sequences. Ann. Univ. Paedagog.
Crac. Stud. Math18, 8591.

[8] Kartal, B. (2019). A theorem on absolute summability of infinite series. Cumhuriyet
Sci. J., 40, 56569.

[9] Ozarslan, H.S. (2001). On almost increasing sequences and its applications. Int. J. Math.
Math. S¢., 25 (5), 293298.

[10] Ozarslan, H.S. (2002). A note di, p,;a| summability factors. Indian J. Pure Appl.
Math., 33 (3), 36366.

[11] Ozarslan, H.S. (2003). O, p,;af summability factors. Kyungpook Math. J., 43 (1)
107 112.

[12] Bor, H. (1992). Factors fdN, p,;d' | summability of infinite seriesBull. Calcutta
Math. Soc., 84 (4), 37374.

10



BURSAI NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys,3 2BRPRSA
| SBN SRB2F7 251

OnStrategies of Effective Mathematic

Prof . Dr. Kbrahim G} NALTI LI

Eski kehir Osmangazi yniversitesi, Fen Fakyg¢
Bilimleri, Eskikehir, T RKKYE.

>0ORCID ID: https://orcid.org/0006000243460758

ABSTRACT

In this paper, wegygv e some strategies,which are need, for
a lot of ways to effective mathematics education. Learning and using student names, improves
teaching of mathematics. Effective teaching and mega mentalize (will be c@lMHTE is key for

success both from the students and instructors in front of thelinb@ckl. When students are engaged,

it means they are motivated, they want to learn and share their knowledge.

Keywords: Strategies, effective teaching, mega mentalize
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LIE SYMMETRY ANALYSIS, EXACT TRAVELING -WAVE SOLUTIONS, AND
CONSERVATION LAWS OF A GENERALIZED KURAMOTO -SIVASHINSKY
EQUATION WITH NONLINEAR CONVECTION

Assi st . Prof . Dr . Baha
Kayseri Erciyes University, bahadirkopcasiz@erciyes.ed0@00-000263643631

Prof. Dr . Me h me t I
NevkehBekHagéeVel i Uni ver si-t0§00000%81&0YB9 @n e v s

ABSTRACT

In this study, the generalized Kurame@ovashinsky equation with nonlinear convection is
investigated using Lie symmetry analysis, exact solution technigueserical verification,

and conservatictaw theory. The admitted Lie point symmetries, the Lie algebraic structure,
the finite transformations, the adjoint representation, and the optimal system -of one
dimensional subalgebras are derived. Based on tlaneldt symmetry generators, similarity
reductions are constructed, and the governing nonlinear partial differential equation is reduced
to ordinary differential equations. By employing the Riccati equation expansion approach,
several classes of exact tramglwave solutions are obtained, including trigonometric,
hyperbolic, and rational wave structures. To verify the analytical results, numerical validation
is performed using the classical foudtder RungeKutta method. The numerical solutions are

in excdlent agreement with the exact travelngve profiles, confirming their accuracy. In
addition, local conservation laws are derived through the multiplier method. The obtained
results provide further insight into the nonlinear wave structures and coinsepraiperties of

the generalized Kuramotsivashinsky equation with nonlinear convection.

Keywords: Generalized Kuramot8ivashinsky equation; Lie symmetry analysis; Riccati
equation expansion approach; exact traveluage solutions; RungKutta method;
conservation laws via multiplier approach.

1. INTRODUCTION

Nonlinear partial differential equations (NLPDES) play a fundamental role in the mathematical
modeling of complex phenomena arising in fluid dynamics, plasma physics, nonlinear optics,
combustbn theory, reactiodiffusion systems, and many other branches of applied science.
Due to the intricate interactions among nonlinearity, dispersion, dissipation, and instability,
such equations can describe a broad spectrum of nonlinear wave phenonhaiagisolitary

waves, periodic structures, pattern formation, bifurcation processes, and chaotic dynamics.
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Consequently, the analytical investigation of NLPDEs remains an important and active area of
research in mathematical physjds3].

Among the most influential nonlinear dissipative evolution equations is the Kuramoto
Sivashinsky (KS) equatidd].

ut + uxx Rl uxxx b ﬁUUX O’ (11)

XXXX

which arises in the modeling of flame front propagation, thin liquid films, plasma instabilities,
reactiondiffusion processes, and nonlinear transport phenomena. The KS equation represents
a delicate balance amg instability, dispersion, dissipation, and nonlinear convection. In
particular, the secordrder derivative termu, is associated with destabilizing effects, the

dispersive contribution is represented by the tbider termsu, ., the fourthorder derivative
U, provides dissipation, while the nonlinear convection terau, governs nonlinear wave

interactions. Owing to the competition among these mechanisms, the KS equation exhibits a
rich variety of dynamical behaviors, including traveling waves, coherent structures, pattern
formation, and spatiotempdrehaos.

To describe more complex nonlinear transport mechanisms, several generalized versions of the
KS equation have been proposed. In this study, we consider the generalized Kuramoto
Sivashinsky equation with nonlinear convectjéh

U +U Uy, b, AU, (ad)

XXXX X

0, (1.2

where s , b andc are real parameters associated with dispersion, nonlinear convection, and
nonlinear transport effects, respectively. Compared with the classical KS equation, the
additional nonlinear transport ter(a®)  enriches the mathematical structure of the model and

XX

allows the description of more intricate nonlinear wave propagation phenomena. The
interaction among dispersive, dissipative, and nonlinear transport mechanisms gives rise to a
wider range of nonlinearave behaviors and invariant structures.

Over the past decades, numerous analytical techniques have been employed to investigate the
KS equation and its generalized variants, including Painlevé analysis -typetenethods, Lie
symmetry techniques, auxlly equation approaches, and various expansion methods. These
studies have produced a broad spectrum of exact solutions, including solitary waves, periodic
waves, rational solutions, and ellipfienction structures. In particular, Kudryashov
investigatedeq. (1.2) through Painlevé analysis and derived analytical solutions expressed in
terms of Weierstrass elliptic functions and Painlevé transcendents. Despite these developments,
a comprehensive investigation of Eq. (1.2) that combines Lie symmetry anblgsatgebraic
structures, finite transformations, the adjoint representation, optimal system classification,
similarity reductions, exact travelingave solutions, numerical verification, and conservation
laws has not yet been reported in the existitggdiure. This observation motivates the present
study.

13



BURSAT NTERNATI ONAL CONFERENCE ON ENGI NEERI NG
Juliys5,3 2BBRSA
I SBN Q8 RB82-87 251

The main objective of this work is to establish a unified symmedged analytical framework

for the generalized Kuramot®ivashinsky equation with nonlinear convection. First, the
admitted Lie poih symmetries, the Lie algebraic structure, finite transformations, the adjoint
representation, and the optimal system of-dineensional subalgebras are derii@5].
Subsequently, similarity reductions are obtained and used to transform the goverhimganon
partial differential equation into a system of ordinary differential equations. Exact traveling
wave solutions are then constructed via the Riccati equation expansion agploclassess

the reliability of the obtained analytical results, a ntioa verification is performed using the
classical fourtrorder RungeKutta method[7]. Finally, local conservation laws are derived
using the multiplier method [8], while the corresponding conserved vectors are constructed via
the homotopy integral fornta, thereby providing additional information about the invariant
and transport properties of the model.

The remainder of this paper is organized as follows. In Section 2, the Lie symmetry structure
of the generalized Kuramot®ivashinsky equation is estmhed, along with finite
transformations, the adjoint representation, the optimal system, and similarity reductions.
Section 3 is devoted to the construction of exact traveliage solutions by means of the
Riccati equation expansion approach. In Sectdorthe obtained analytical solutions are
numerically verified using the foudbrder RungeKutta method. Conservation laws are
derived in Section 5 through the multiplier method. Finally, concluding remarks are presented
in Section 6.

2. LIE SYMMETRY ANALYSIS

Consider the generalized Kuraméovashinsky equation with nonlinear convection
u+u, U, b Au, (&), O.

XXXX X XX

To determine its Lie point symmetries, we introduce the infinitesimal generator

X =x(x P +ext i Hxty—! 2.1)
X f Uyl

Applying the fourth prolongation and imposing the invariance ciamdit

pr¥X (D)}, 4 =0, (2.2)
with
D=u & s, ugx o (@Y

XXX XXXX X

yields

X=C,, t =, he, (2.3
wherec andc, are arbitrary constants. Therefore, the admitted Lie point symmetry generators
are

14
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X, X, =Tg“. (2.4)

_H
I-It,

Hence, Eq. (1.2) possesses temporal and spatial translational invariance and admits a two
dimensional Abelian Lie algebra.

2.1. Finite Group Transformations

The finite transformationsorresponding to the admitted Lie symmetry generators are obtained
by integrating the associated Lie equations.

For the temporal translation generator

_H
X, = E
the Lie equations are
% = O’ E :j_, ﬂ’l (=]
de de d e

Integrating yields

Similarly, for the spatial translation generator

_ M
X — T
© X
the corresponding Lie equations are
%:1, ﬂ :0, ﬂ" @,
de de d e

which give

Therefore, the admitted Lie growpnsists of temporal and spatial translations, reflecting the
invariance of the governing equation under shifts in time and space. Combining the two one
parameter transformations, the correspondinggem@meter Lie group action can be written as

Gla, B:(xtu)- (XLU=(x+,8 4, (25)

Equivalently, if u= f(xt) is a solution of the governing equation, then the transformed
function

axf)=f(x -6, -9 (2.6)
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is also a solution. Hence, the admitted Lie group represents theirtvemsional translation
group acting on the independent variablemndt.

2.2. Adjoint Representation

The adjointrepresentation of a Lie group on its Lie algebra is defined by
ex e
Ad(€™) X, =X X %] SLXL% X -

For the generalized Kuramefivashinsky equation with nonlinear convection, the admitted
symmetry generators are

— _H
X, ==, X, =—.
1 2 "

=Sk =

Since the Liealgebra is Abelian,
[Xl’ XZ] :O’ [xl’ X:l] :Q’ [ X2’ x?] @:

Therefore, all higheorder commutators vanish identically, and the adjoint action reduces to

Ad(e™) X =X, Ad(e®) X =X, Ad(€%) X =x Ad( &) X =

The corresponding adjoint table is given in Table 1.
Table 1. Adjoint representation of the admitted Lie algebra.
Ad(e* ) X; | X1 X,
X1 X1 Xy
Xy X1 X

2.3. Optimal System of OneDimensional Subalgebras

The construction of an optimal system is based on the adjoint action of the admitted Lie group
on its Lie algebra. Consider the general element

X =aX, +bX,, (2.7)

where a and b are abitrary constants, not simultaneously zero.
Since the admitted Lie algebra is Abelian and the adjoint representation acts trivially,
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Ad(e™) X =X, i 42 (2.8)
no nontrivial simplifications of the coefficient§a,b), can be achieved through adjoint
transformations.

In Eq (2.7), ifa, 0, scaling the generator by ‘yields
X=X, X, c 2 (2.9)
a
If a=0andb, 0, Eq. (2.7) reduces to
X = X, (2.10)
Similarly, whenb=0 anda, 0, Eq. (2.7)educes to
X =X,. (2.11)
Therefore, an optimal system of edienensional subgkbras is given by
(X)), (X)), (X +eX) (2.12)

wherec is an arbitrary constant.

The generatorsaX; &nd Xa correspond to pure temporal and spatial translations,
respectively. The mixed generataiX, €X, combines both invariances and produces

travelingwave type similarity reductions. Since travelwgve structures constitute the
primary wavepropagation mechanism of the present model, the reduction associated with
ax, €X, is of particular interest and will be investigated in the following section.

2.4. Similarity Reductions

In this subsection, the similarity reductions@sated with the ordimensional optimal system
are derived. The optimal system is represented by

(X)), (X)), (X +cX). (213
2.4.1. Reduction with respect tq X,)

For the temporal translation generator

_H
X, =+, 2.14
(2.14)

the associated characteristic system is

dt_dx _du
1 O

=6. (2.15
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Integrating the characteristic equations yields the invariants

X =X, u(xt) U( x (2.16)
Thus, the invariant solutions associated withare stationary anahdependent of time.

Substituting
u =0, u Vi, U, B,iiu, B, iu U= (2.17)
into Eqg. (1.2), we obtain threduced ordinary differential equation
Ui+sU Hi Ui @7 ' 0. (2.18)

2.4.2. Reduction with respect tcaX,

For the spatial translation generator

X, =2 (2.19
X
The characteristic system is
dr_dx _du (2.20
0O 1 O
Thus, the invariants are
X =t, u(x,t) U( X (2.22)
Sinceuis independent ok, all spatial devatives vanish:
uX = uXX =uXXX gXXXX 0: (2'22)
Therefore, EqQ. (1.2) reduces to
Ui(x) =0. (2.23)
Hence,
U(x)=C, (2.29)
where C is an arbitrary constant.
2.4.3. Reduction with respect ta X, + cX,)
For the combined generator
_ H M
X=X X, = o+, (2.25)
' TR
the associated characteristic system is
dr_dx _du (2.26)
1 ¢ O

Integrating the characteristic equations gives the similarity variable

18
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X=X -Ct, (2.27)
while u remains invariant along the group orbits. Therefore, the invariant solution takes the
form
u(x t) =U(x). (2.28)
Substituting the travelingvave transformation into Eq. (1.2) yields

-cUi U jsU U4 i il (E¥) 0. (2.29
Using the identity
U? =2Ui)? #JU (2.30)
EqQ. (2.29) can be rewritten in the explicit form

-cUi U jsU U4 i il i2i @) 2Ud O (2.31)

3. EXACT WAVE STRUCTURES VIA THE RICCATI EQUATION EXPANSION
APPROACH

The Riccati equation expansion approach assumes that the solution of Eqg. (2.31) can be
expressed as [6].

U =8a f ). (3.1)

i=0
where 7 ( X satisfies the Riccati equation

fil x= M F. (3.2)

The Riccati equation (3.2) admits the explicit solutions:

F( ¥= \gn tan(y" / Jpx >0, (33)

F( ¥= \/; cot(y 7/ Jmx ®, (3.4)

F( X= \E? gtan(2\/7 Jrrezef 4 )/gmx N (35)
£ x= -\/7/;7tanh(\/_-/ )77)( ) (3.6)
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£ x= \/7%7 coth(\/_-/ )77)( 0 (3.7)

and
f(y= -1, /e (3.9)
mx

3.1. Application of theRiccati Equation Expansion Approach

According to the explicit form of the reduced equation (2.31), balancing the dominant-highest
order derivative termtd i with the nonlinear ternrdUi gives
N+4 2N 2, (3.9)
which yields
N =2. (3.10

Therefore, the solution is assumed in the polynomial form

2 .
U =aa f)xz, & () &°(). (3.12)

i=0
wherea,, a,,anda,are constants to be determined, @fdy satisfies the Riccati equation (3.2).
Substituting Eqg. (3.11) together with Eq. (3.2) into Eq. (2.31), expressing all derivatives in
terms of powers of ( X, and equatinthe coefficients of identical powers 6 X to zero yield
an overdetermined algebraic system for the unknown paranmagtetsa,, cand c.
Solving the resulting algebraic system, we obtain

3 ¢t
=,

C:Z/ mSs+— _s’ = (312
3 36 6 S
and
_ 48/ ms s s _ *ms 22
a = : a a ——. (3.13

360 30 b
Substituting the parameter relations (3:(2)13) into Eq. (3.11) and employing the explici
solutions of the Riccati equation (3.2), several classes of exact trawairg solutions are
obtained. These solution families are presented below.

For the trigonometric Riccati solutions, the following exact traveluage structures are
obtained.

(% 1) = %272/ Mar?(ﬁ(xnet) 18/ l% g/m% a8k 2 /-4

(3.14)
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—_ 2
Uy ,(% 1) = —bg72/ mof(«/ /(xn—ct)) 12 ¢((w§_ Q(/co) 48 / B
(319

u,(xt)= ——[72/ mat QM4 / @n c Q2 /der
360 (3.16)

+12f7 man Q 42/ / sec Q48 / m Jp+
whereQ =2,// ntx et).

For the hyperbolic Riccati solutions, the following exact traveliaye structures are obtained.

uz,l(xt):?’%gz/ menfi(\ - 7 @net) 18 -tafy/  «/coh- 48 - 2/ M@
(3.17)
uz,z(xt)=3$@g72/ mothi(\[ - 7 emet) 12 -coff  &/coh- 48 - / A

(3.19)

For the rational Riccati solution, the following exact travekvaye structure is obtained:

ua(xt)‘%b( t)zg( B)(x ef)® 1Zs(x cty 724 (3.19

4. NUMERICAL VERIFICATION BY THE FOURTH -ORDER RUNGE-KUTTA
METHOD

To validate the obtained analytical travelwgve solution, a numerical verification is

performed using the classical fomahder RungeKutta (RK4) method. In particular, we
consider the exact hyperbolic travekngve solutionu, ,(x, t) obtained in Eq. (3.17).

We choose the parameter values

s =1, b4, / & mA (4.2

c:% 3, C 29. (4.2
S 36

Under these parameter values, Eq. (3.17) reduces to

21

a



BURSAl NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys5,3 2BBRSA
I SBN Q8 RB82-87 251

U_.oX) = 2tanit (¥ —+tanh( )( , X =t (4.3)
The travelingwave equation is integrated once with respeotmmobtain
b :
Ui4sU Y ieU —ZHUZ A A (4.4
where substitution of Eq. (4.3) yields
A= 297 (45)
2592
Introducing
Eq. (4.4) is transformed into a firstder dynamical system:
&
}Yli =Y,
IYzi =Y, 4.7
|
T, =A+Y ¥ s}(—-‘?’ 2 cYY
i
The initial conditions are obtained directly from the exact solution=at 2 :
Yl(_ 2) :Uexact( 2-)' Y2( 2)' Uie:xact( 2)’ - Y3( 2) Ueiacl(: 2) (48)
The numerical integration is performed on the computational interval
-2 & R (4.9

The numerical and analytical profiles are compared in Figure 1. In addition, the numerical
accuracy is quantified through the maximum error norm
Ln = ma)ﬁ |U RK4 (Xl ) Uexact( Rd 1 (410)
and the discreté, norm
12

L2 a| RK4(X) -Uexact( X| (411)

O S.B__Tmo
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(a) Exact and numerical profiles (b) Absolute error
1.0 \
\ ~_107°
0.5 1 / =
/ g
A 8
— \ o
= -10
~ 0.0 é 10
. 3
é
—0.5 10711,
- Exact solution
~1.04 = g RK4 approximation
-2 -1 0 1 2 -2 -1 0 1 2
£ 3

Figure 1. (a) Comparison between the exact hyperbolic travelingzave solution obtained from
Eq. (3.17) and the numerical fourthorder Runge-Kutta approximation. (b) Absolute error

distribution E(X) =|Ug,,( ¥ U,,..( )ithroughout the computational domain.

The numerical and analytical profiles overlap almost perfectly, while the error remains extremely small,
confirming the accuracy and fourtnderconvergence of the RK4 scheme.

Table 2. Numerical verification of the exact hyperbolic travelingwave solution by the fourth
order Runge Kutta method

Step size h Lo error Ly error Observed order
0.0200 7.7693 x 1078 7.3270 x 107® -
0.0100 4.8518 x 107" 4.5574 x 1077 4.0012
0.0050 3.0314 x 10719 2.8415 x 107 1° 4.0005
0.0025 1.8943 x 10~ 1.7737 x 1071 4.0003

Figure 1 and Table 2 demonstrate an excellent agreement between the aralygiladrwave solution

and the RK4 approximation. As the step size is successively halved, the numerical error decreases with
a convergence rate very close to 4, confirming both the correctness of the exact solution obtained and
the expected fourtbrderaccuracy of the RK4 scheme.

5. CONSERVATION LAWS VIA THE MULTIPLIER METHOD

In this section, local conservation laws for the galieed KuramoteSivashinsky equation with
nonlinear convection are derived using the multiplier method. The corresponding conserved
vectors are subsequently obtained through the homotopy integral formula. Consider Eq. (1.2)
in the form
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F=u w, su, ug, b, (@), O (5.1)
A multiplier is a function
L = GGtu U, Uy, U U (5.2)
satisfying the EuleLagrange condition
E,(LF) =0, (5.3)

where E, denotes the Euler operator with respectito

Solving the corresponding determining equations gives

L C, € exp%.:f—;‘ Kt 2 (5.4)
where
p*(-2bcs? @& ?
k= - : (5.5)
16c
This result $ obtained under the restrictions
c. 0, b .0, 2 bcst HF Q (5.6)
Thus, two linearlyndependent multipliers are
L, & (5.7)
and
L, :expébx At : (5.8
&2¢ _

For the constant multipliek , =1, the first coserved vector
IS obtained as

T, =u (5.9)
and
xlzux '€ka tﬂ;<><>< gﬂf L(-tf)x' (510)
Therefore,
D(M)+D(X) = w, s4, ugk buy (b, F (5.11)

Hencel , yields a massype conservation law.

For the exponential nitiplier L ,, the second conserved
density is
abx i
T, =uex *t 512
2 pg% ! (512

The corresponding flux component is
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abx 0 b ’p 3
X, = wt 5 7 .
2 eng%_c t IEZ ay  +9g, ut ug 5 c( W u ‘%) 44_24:( tus LJ) 8—3+sz

(5.13
Thus,
Dt(T2)+ Dx(xz) = JF, (5.149)
and consequently
D,(T,) + D(X;) (5.15)

on the solution set of Eq. (1.2). Therefote, generates a nontrivial weighted exponential
conservation law.

Consequently, Eg. (1.2) admits two independent local conservation laws associated with the
multipliers L, and L ,. The first one is anasstype conservation law, while the second one is

a weighted exponential conservation law obtained through the homotopy integral construction
and verified symbolically.

6. CONCLUSION

In this work, the generalizelduramoteSivashinsky equation with nonlinear convection has
been investigated through a combination of Lie symmetry analysis, exact solution construction,
numerical verification, and conservatitaw analysis. The admitted Lie point symmetries of
the modelwere derived, and the corresponding Lie algebraic structure, finite transformations,
adjoint representation, and optimal system of-dineensional subalgebras were established.
The obtained symmetry generators revealed the invariance of the governitigreguder
temporal and spatial translations and provided the foundation for the associated similarity
reductions. By employing the optimal system, several similarity reductions were constructed.
In particular, the travelingvave reduction transformed tbaginal nonlinear partial differential
equation into an ordinary differential equation suitable for analytical treatment. The Riccati
equation expansion approach was then applied to obtain several classes of exactivaveling
solutions. The resulting&ution families include trigonometric, hyperbolic, and rational wave
structures, demonstrating the rich variety of nonlinear propagation regimes admitted by the
model. To assess the validity of the obtained analytical solutions, a numerical verificasion w
carried out using the classical foudhder RungeKutta method. The numerical solutions were
found to be in excellent agreement with the exact traveliage profiles. Furthermore, the
computed error norms and convergence rates confirmed the expmatidebfder accuracy of

the numerical scheme, thereby supporting the correctness and reliability of the analytical
results. In addition, local conservation laws were derived by means of the multiplier method.
Two independent multipliers were obtained, gieg both a mast/pe conservation law and a
nontrivial weighted exponential conservation law. These conserdatiostructures provide
additional information regarding the invariant and transport properties of the generalized
KuramotaSivashinsky equatio with nonlinear convection. Overall, the coexistence of Lie
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symmetries, exact travelingave solutions, numerical consistency, and conservation laws
demonstrates that the considered model possesses a rich mathematical structure governed by
the interplay 6 nonlinear convection, dispersion, dissipation, and nonlinear transport effects.
The analytical framework developed in this work may also be applied to other nonlinear
evolution equations arising in mathematical physics and related areas, where symmetry
methods and conservation laws play a fundamental role in understanding nonlinear wave
phenomena.
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SOME CATEGORICAL PROPERTIES OF 3 -GROUPS

MKRA¢ YI LMAZ
Bil eci k keyh Hdnarbcgilnaz@ dhail.cor@009-80020121:365X
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Abstract

We know that crossed modules serve as an algebraic modetlimesional gsups. For 3
dimensional groups however crossed squaresgraips 2crossed modules quadratic modules

and simplicial groups of length 2 can be provided as algebraic models. In this study we will
work with the categories of crossed squares andgrat2oswhich are categorically equivalent

to each other. Stating that these categories are categorically equivalent to one another we will

also include the definitions of the concept of action within these categories.

Keywords: Crossed Modules, Crossed Squas*2groups, Action
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THE GEOMETRY OF CENTRODES OF CONSTANT SLOPE CURVES

Asst. Prof.ABMKS KAGLZ R
Nevkehir Hacé Bektak Vel i -000000022883B324 , cr a

ABSTRACT

Constant slope curves can be defined as spatial curves whose specified vector fields make a
constant angle with a fixed axis. These types of curvespyca central role in classical
differential geometry, modern comput@ded geometric design (CAGD), mechanism design,

and biomechanics. In this study, the intrinsic geometry of constant slope curves is investigated
through their centrodes. We obtain @kable relations between several members of the
constant slope family and their centrodes. Furthermore, the kinematical interpretation of the

centrodes leads to new conclusions through the duality between these curves.

Keywords : Centrode, helical cunge rectifying curve, Salkowski curve.
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THE DUAL PYTHAGOREAN CONDITIONS AND THEIR EFFECTS ON CURVES

Asst. Prof. Dr. ¢AJLA R
Nevkehir Hacé Bektak Vel i -000000022883B34 , cr a

Batuhan OZKARA
Nevkehir Hacé Bektak Vel U n { 0008-00691968%3581 b at u h ¢

ABSTRACT

Polynomial and rational curves can be seen as applicable materials for robotics, mechanics,
computeraided design, an@nimation. In differential geometry, in order to make these
materials more convenient for engineering calculations, some additional conditions are
investigated. The first one is to check whether the hodograph, or velocity vector field, of a curve
can be dened by a polynomial Pythagorean triple. If the answer is yes, then the second
condition is based on the Pythagorean condition for the norm of the cross product of its velocity
and acceleration vector fields. If both conditions are satisfied, then treeanuat its orthonormal

frame become rational, and the behavior of the curve can be interpreted by specific curves. In
this study, we investigate both conditions for specific curves such as cylindrical helices and
proper slant helices.

Keywords : Pythagorantheorem, hodograph, proper slant helix.
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YAMABE SOLITON STRUCTURE ON COTANGENT BUNDLE ACCORDING TO
RIEMANNIAN EXTENSION METRIC

Assoc. Prof . Dr . Lok
| J dér U lokmenebiies @iddiy.edu.tr ORCID ID: 00060001-8240-5359

ABSTRACT

Geometric flows serve as crucial analytical tools in differential geometry, facilitating the study
of metric deformation. LetY 0 be the cotangent bundle with the Riemannian extension
metric on arg -dimensional Riemannian manifold. Our aim in this article is to investigate

the structures of Yamabe soliton, conformal Yamabe soliton and quasi Yamabe soliton with
respect to the Rieannian extension metric on the cotangent bundle.

Keywords: Yamabe flow, Yamabe solitons, cotangent bundle, Riemannian extension metric,
conformal vector fields.

1. INTRODUCTION

Geometric flows represent a class of partial differential equations that ddsawhgpeometric
structures, particularly metrics, evolve over time on differentiable manifolds. Among these, the
Ricci flow, introduced by Hamilton [6], is one of the most influential. The Ricci flow evolves
the metric of a Riemannian manifold in a way that tends to "smooth out" irregularities in
curvatur e, playing a central r ol econecture. Gr i gor
Another important flow is th&Yamabe floworiginally proposed by Hidehiko Yamabe. This
flow modifies the metric to achieve a uniform scalar curvature while preserving the conformal
class of the metric. The Yamabe flow is especially significanprimblems concerning
conformal geometry and scalar curvature deformation. Yamabe solitons assmsieif
solutions to the Yamabe flow and are defined by the existence of a vectofietda
Riemannian manifold 0 RQ such that the metric satisfies particular soliton equation
involving the Yamabe curvature. These structures serve as steady, shrinking, or expanding
models of the Yamabe flow and provide insights into its{tamm behavior. A Yamabe soliton

is said to be of gradient type if the vecligld & is the gradient of a smooth function. These
solitons reflect fixed geometric configurations under the Yamabe flow, and their study reveals
important properties about curvature and topology of the underlying manifold. Negative
Yamabe curvature inush soliton settings typically implies contraction behaviors and is
indicative of certain topological and geometric features. Ricci and Yamabe solitons can be
viewed as fixed points or setimilar solutions to their respective flows. These structures not
only contribute to the study of geometric analysis but also provide valuable tools for addressing
broader questions in differential geometry.
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ARSever al aut hors have explored Yamabe sol it
Chen and Deshmukh J[4ntroduced the concept of quasamabe solitons on Riemannian
manifolds. Guler and Crasmareanu [10] introduced the notion of -Ramiabe flow by
considering a scalar combination of the Ricci flow and Yamabe flow. Dey and MaghufB¢d
generalized grdient RicciYamabe solitons on complete Sasakiamanifolds. Gezer, Bilen

and De [7] explored almost Ricci and almost Yamabe soliton structures on the tangent bundle
using the ciconia metric. Recently, De, De and Gezest{liedQalmost Yamabe solites for

the perfect fluid spacetime of general relativity. They obtain a number of interesting results. In
particular, they constructed two examples to prove the existeri@alofost Yamabe solitons.

Yan, Li, Bilen and Gezer [15] explore Yamabe and gratdiRicciYamabe solitons on the
tangent bundl&Yd according to the twisted Sasaki metric. Ghosh [9] study Yamabe soliton and
guasi Yamabe soliton on Kenmotsu manifol d[ 7]
theoretical exploration of gradientnaost Yamabe solitons, deep connections to manifold
theory through sophisticated geometric analysis and similarly ith¢3jesearchers presents a
rigorous mathematical analysis of gradient Yamabe solitons, offering substantial theoretical
contributions irough a novel global warped product structure and comprehensive classification
theorem. Also Venkatesha and Naik[1d}heir research provides a comprehensive theoretical
analysis of Yamabe solitons on contact metric manifolds, demonstrating rigoraustgeo
insights through original proofs about scalar curvature, Sasakian properties, and flow vector
field behaviors. The study offers substantial contributions to manifold theory by exploring
intricate  mathematical relationships between geometric stasg;tutow dynamics, and
curvature conditions.

In summary geometric flows such as the Ricci and Yamabe flows, along with their associated
soliton solutions, constitute a fundamental area of research in modern differential geometry.
They provide powerful maematical tools for comprehending manifold evolution and changes,
contributing to the derivation of numerous mathematical theorems and results. Their
applications extend from pure mathematical theory to theoretical physics. Ongoing studies
continue to unceer deeper connections between flow dynamics, curvature evolution, and
manifold topology.

2. PRELIMINARIES

2.1. The Cotangent Bundle

Letd be aré dimensional differentiable manifold with a torsifree connection i'Y0 be
its cotangent bundle antl be the natural projectioth © "YO © 0. A system of local
coordinates "Y h'Q phedEt in 0 induces on"Y0 a system of local coordinates
“ Yholw n RQ ¢ Q ¢ pfedgihwhered 1) are components of covectors
n in each cotangent spatéld howN “Ywith respect to the natural cofrani@o .

fiLé&t @ handl 1 Qo be the local expressions Wof a vector fieldd and covector
(1-form) field] on 0 hrespectively. Then the vertical lift of] , the horizantal lift ¢ and
the complete lift & of & are given, with respect to the induced coordinates, by
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1 1 Thh

(A Oh nN3oh G
and

® OB n hd Rh
whereh —hT — and3 are the coefficients of a symmetric (torsivee) affine

connectiom on0 .

The Lie bracket operation of vertical and horizantal vector field§Yan is given by the
formulas

oh @ o nzY o h
“™h1 n1 h
-h7 T

for anyfoy o 0 and—A N o O hwhere'Yis the curvature tensor of the symmetric
connectiom defined byY dhd  n n A for details, see [16]

2.2 Expressions in the Adapted Frame

AWe wil|l use the adapted frame that simplifi
"YO0 . With the symmetric afin connectianin 0 , we can introduce the adapted frame on each
induced coordinate neigbourhobd Y of "Y0 . In each local chafiYO U , if we write

©® —h— QohQ phsadth

then from (1) and (2), we can see that these vector fields have, respedtieehpcal
expressions

® h N3 Fh

— Fr
with respect to the natural fram&hR . Thesegé  vector fields are linearly independent and
they generate the horizontal distributiomadind the vertical distribution &¥0 , respectively.

Theset & h— iscalled the frame adapted to connection* Y O "Y0 . By putting
0O & h 2
o —h (3)
we can write the adapted frame & oo .

Using (1), (2) and (3), wehave 1 G- and & & ‘O with respect to the adapted frame
‘O 0 ofdktails, see [16]). By the straigiorward calculations, we have the lemma below.

fi L e mmarhelie brackets of the adapted framé¥id satisfy the following identities
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o0 Q'Y ©h
Oho- 3 Oh
oho-  mh
whereY denote the components of the curvature tensor of the symmetric conneujid).

2.3. The Riemannian Extension Metric on the Cotangent Bundle

AiThe Riemanni anQextYie ndescribes a pseudRiemannian metric in
“YO . Theline element of the Riemannian extensiQis determined by

N N3 W ¢ QW n
wherg Q) 1 3 Qw8The pseuddRiemannian metricGhas the components
ns
1 T

0

with respect to induced coordinated ) fwheres are the coefficients of the Ledivita
connectiom.

The Riemannian extension’Q and its inverse "Q  have the following components with
respect to the adapted fran@ hrespectively,

and
"0

Now, we will calculate the LexCivita connectiom of the Riemannian extensio The
coefficients of the Lev{Civita connectiort can be found with

p p

3 E"Q 0Q 0Q 00 Em m m h
where
m Q Q h
m  AY h
m- Mmoo 3

and it will be used gs  "@Q] GQ| HQ- HQ] &

For the LewviCivita connectionn of the Riemannian extensio@ we give the following
proposition.o [12].
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Proposition 2 [2] fi L et AQ be a Riemannian manifold andY0d HQ be its cotangent
bundle with the Riemannian extension. The dGivita connectionn of the Riemannian
extensionQon "YU is locally given by

n'0O 30 nRY O
nO 30
n p 1L
n pf L
where'Y is the Riemannian curvature tensor'af o
AThe Riemannian curvature tensor are found
Y O3 O3 3 3 3 3 m 3 8
Here it will be used as "@Q7 "@Q| "HQ- 'HBQ| G, In the following

proposition, we give components of the Riemannian curvature tensor of the Riemannian
extensionQ 0 [ 7]

Proposition 3. Let f HQ be a Riemannian manifold and¥) RQ be its cotangent bundle
with the Riemannian extension. Then the corresponding Riemannian curvature "Yeigsor
locally given by

Y Y h

Y ANy ny h
Y Y h

Y Y h

Y Y

and other componef8l).s are zeroo (see also

Now, we consider the Ricci and scalar curvature tensors. With the help of Propdsitidn
standard calculations give the following results.

Proposition 4. Lét [0 AP be a Riemannian manifold ant¥ 0 AQ be its cotangent bundle
with the Riemannian extension. Then the corresponding Ricci curvature tensor is given by

Y Y Y ¢Yh
Y Y Y 8
Using (4), we calculate
g QY QY Q Y- QY- QY- ™

Hence, we have

35



BURSAl NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys5,3 2BBRSA
I SBN Q8 RB82-87 251

Proposition 5. Lét [0 Q be a Riemannian manifold an&¥0 AQ be its cotangent bundle
with the Riemannian extension. Then the corresponding scalar curvatureitgnsr z er 0 0 .

3. MAIN RESULTS

3.1. Yamabe Soliton Structure

Al n recent year s, s o meblegimgulargytmodels as talled soktona nd t
have become popular following Grigor. Perelr
One of the most notable of these flow equations is the Yamabe flow equation, introduced
Hidehiko Yamabe, is a distinct typ&geometric flow. Its goal is to adjust the metric structure

of a Riemannian manifold while keeping the Yamabe curvature constant. The Yamabe
curvature reflects a particular property of
features. Yamabdlow is fundamental in geometric analysis, offering insights into the
transformation and development of metric structures on manifolds. Hamilton in the 1980s to
prove the Yamabe problem, which searches for a metric on a compact Reimannian manifold

0 RQ of dimensiort o that obeys the original metri©while preserving a constant scalar
curvature. Yamabe flow, introduced by a Yamabe flow deforms a given manifold by evolving

its metric'Q0 according to

_F—-:“Qc‘) i Qoh Qm Q
wherei denotes the scalar curvature'@b . Yamabe solitons are mathematical tools used
to analyze and describe the metric structures of Riemannian manifolds. These solitons represent
a unique class, defined on a Riemannian manifoltiQ via a paticular vector field®. The
vector fieldw defines a soliton that influences the Yamabe curvature of the manifold, which
serves as a measure of the metricbs geometri
distinct curvature and contractioetmviors within the manifold. Yamabe solitons, which are
selfsimilar solutions of the Yamabe flow, are defined by a smooth vector dietsth a

Riemannian manifoldd AQ as follows:

P

-0 1 _"Q

C -
for _~ a, and0 represents the Lie derivative alodg denoted as the soliton vector field.
Based on whether 1 _ mor_ 71 0HQ is called shrinking, steady or expanding
Yamabe soliton respectively. o [ 7]

Theorem 6 Lét [0 I be a Riemannian manifold of diemension ch'Q ¢ Qo )
is a Riemannian extension metric on cotangent bufile. The "Y0 hh_ is a Yamabe
soliton if and only ifvis a conformal vector field and following conditions are satisfy

‘a_ gno o h

@0 'Y 3 RO T
NND T8
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where® 0 O 0 O-is a vector field on cotangent bundle according to adapted frame
O .0

Proof. To carry out our proof, we need to find the scalathat satisfies the-0 "Q
1 _ "Q condition. For this, we can write the following equations.

Q0 v
and

0 _es 0
From (5), we can write f} 0 'Y L 3 ov ™

From which, we have following equalities
Y 3 U T
and
noy T8

Also, the following equation is written from equatiéh (

Ouv U3 OG-0 J 8
Contracting with both sides of last equation, the following conclusion is reached

Py mo s
€

However, because of the scatarvature of Riemannian extension metric is zero, we can
write

0Q B

This means that the vector fialgis a conformal vector field. By following the above steps in
reverse, the statements of the theorem can be easily established. Thus, the proof is complete.

3.2. QuasiYamabe Soliton Structure

Al n 2018, t heYamabe soliton on@ Riensannggmmangfaddiis defined by Chen
and Deshmukh [4], as follows:

0"Q, R ¢i _Qh ¢, s, n X
for any vector fields and, . Herew''is the duap form of potential vector fieldy, _is a
constantand i s a smooth function. O
Now we will express the following two Lemma that we will use in the proof of our theorem.

Lemma 7. The Lie derivative of Riemannian extension metric, with respect tedibserving
vector field @is given as follows:
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0 "Q ¢cuv3 QN ¢ Y n hy QQw
where potential vector field & 0 h ) 0 is a fibrepreserving vector field on
cotangent bundl&Y0 according to adapted framéO 8

Here, the vector field &, which is the dual of the vector field concerning the Riemannian
extension metritQQ is expressed as follows in our forthcoming theorem.

Q' »"Q ®»Q MQ n ho h
! M O O D
and hence
“I-I
W N ho
Q' i n‘ 8
w- b}

Additionally, obtaining the following equalities, which we will use in our upcoming theorem,
will provide convenience

1\|-|

o 1 1 x I

& O AN A SRS LA LY A )

Af RO RO Qb ch Ry U QA OO IAT ARS8

§

Theorem 8 Let 0 AQ be a Riemannian manifold of diemension ¢ch™Q ¢ Q) 1) is a

Riemannian extension metric on cotangent bufifié. The "YO Rth dh H is a quasi
Yamabe soliton if and only if following conditions are satisfy

_ ﬂ‘sbﬁ
_ T

‘@0 Y n RO h

QD 0 Th

08 R0 RO ™

L8LUL T
where potential vector field is consider a® 0 h i 0 s a fibrepreserving vector
field on cotangent bundl&/0 according to adapted fram&@ and_N 58
Proof. From the equation), we have

0 Q ¢c_Q ¢ '8 a'h
D3 @Wn n vy n h ‘QQw J @i ‘AN hu Hho Qo
¢¢n ho O iR “0LININS

Form which, we can write

R 0°Y n o ‘N Ao TFO h P
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b3 J  ¢n RO ©

and
‘00 T8
From the equationg), we obtain0 Y n A and hO HL 8

In equation (9 we havehd 0  Tand contracting with —] hboth sides of the equation
(9), the following conclusion is reached

_ 3‘308
- S

By following the above steps in reverse, the statements of the theorem can be easily established.
Thus, the proof is complete.

3.3. Conformal Yamabe Soliton Structure

i A Ri e man n i-Riemarmian marsfadd B® of dimensiorg is considered to admit
a conformal Yamabe soliton if it satisfies the equation:

0Q ¢ ¢ g "Q mh

whered “Qrepresents the Lie derivative of the metfialong the vector fieldhi is the scalar
curvature and is a constant, is a scalar nowlynamical field (time dependent scalar fiekd),
is the dimension of the manifold. The conformal Yamalmditon is classified as shrinking,
steady, or expanding, depending on whethas positive, zero, or negative, respectively.
Furthermore, the conformal Yamabe soliton defined on the cotangent Bifidlgvith the
Riemannian extension metfidcan be expressl as:

60 o cig " g 0 @ o

Here,i @lenotes the scalar curvature Qfvis potential vector field and™ a. 0 [ 7 ]

Theorem 9 Let 0 HQ be a Riemannian manifold of diemension ¢ch'Q ¢ Qo ) isa

Riemannian extension metric on cotangent buh¥le. The "Y0 Hth @h_ is a conformal
Yamabe soliton if and only if following conditions are satisfy

p . P, p
_ —U 3 - —
- Ce C Ce

3o Y ntTo

where potential vector field is consider ag&d 0 h 1 0 is a fibrepreserving vector
field on cotangent bundl&/0 according to adapted fram&® and_N 58

Proof. Using Lemm& in equation {0), we can write
D3 W [ oy n h Q' ¢ ¢ig
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From which, we get

and
'Y n o s}
Contracting witlj hboth sides equatiori{) and necessary actions are taken, we have
o Pos P By
- ce C ce
By following theabove steps in reverse, the statements of the theorem can be easily established.
Thus, the proof is complete.
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HASSAS TARIM UYGULAMALARI K¢KN ACIIKLANABKL
TRANSFORMER MKMARKSK

Dr . ¥Jr. ryesi, Er
Van YYU, erolkina@yyu.edu.tr 000600027785646X

OZET
Bu -al ékmada, Srén ver i mi ve kalite ¢zerinde
cretim ve geéeda geégvenliJi a-eéséendan °nemli bi
otomati k vea a-iéklndreabltielk hi s edi |l mesine y°nel.]
°neri Il mi ktir. Bu kapsamda, yer el ve k¢resel
Ri ceHybri dFormer adé verilen yeni birinmi mar.i
Evrikimsel Sinir Ajlaréné (CNN), kg¢resel baj
encoder yapéseéné birlikte kullanan bu yapeéya

arteéermak amacéeyla dept hwi seluudparmnablree sd amad ]|

ve squeeze X ci t ati on tabanl é dikkat mekani zmal ar

i K|l eme akamasénda Guided Filtering ve CLAH
yorumlanabilirliJini -GAMtta&a mla&k amalklegmnabiils e
yakl akémeée kull anél méxkteéer.

¥nerilen modelin performaseé, toplam 11.790
hastal éjé& ver.i seti czerinde dejerlendiril mi
%89 . 4, doyamdsaenmada %88. 1 ve test akamaseénda
gestermi ktir. Ayréca modelin preciskorudse dej e
%87. 1 ol arak hesapl anméxkter. Kar kK é5D,&igiadné r mal &
Trarsformer (ViT), EfficientNetBO v e Mobil eNet V2 model | eri ne
sénéflandéerma metri kl eri a-eéséendan daha iyl
el de edilen bulgular, ©°nerilen RiceHgbridFor
et kil i, a-éklanabilir ve hesaplama a-éséndan

Anahtar Kelimeler: Hi br i t derinTrimemamremerCNNA- ékl anab
GradCAM
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AN EXPLAINABLE HYBRID CNN i TRANSFORMER ARCHITECTURE
FOR PRECISION AGRICULTURE APPLICATIONS

ABSTRACT
In this study, a hybridleep learning approach is proposed for the automated and explainable
diagnosis of rice leaf diseases, which constitute a significant threat to agricultural production
and food security due to their adverse effects on crop yield and quality. In thistcamexel
architecture called RiceHybridFormer, capable of jointly learning local and global features, was
developed. The proposed framework combines Convolutional Neural Networks (CNNs) for
local feature extraction with a Transformer encoder structurgldébal contextual learning. In
addition, depthwise separable convolution, dilated convolution, residual connections, and
squeezeexcitationbased attention mechanisms were integrated into the architecture to enhance
representational capability and comgaignal efficiency. Furthermore, Guided Filtering and
CLAHE techniques were employed during the image preprocessing stage, while@ABfad
based explainable artificial intelligence approach was utilized to improve model
interpretability.
The performancefdhe proposed model was evaluated using a Kalgabed rice leaf disease
dataset containing a total of 11,790 images. Experimental results demonstrated that the model
achieved accuracy rates of 89.4%, 88.1%, and 87.9% during the training, validati@stiagd
phases, respectively. In addition, the model obtained a precision value of 87.2%, a recall value
of 87.5%, and an F&core of 87.1%. Comparative analyses indicated that the proposed
architecture outperformed benchmark models such as R&8IN®lision Transformer (ViT),
EfficientNetB0O, and MobileNetV2 in terms of classification accuracy and performance
metrics. The findings of the study demonstrate that the proposed RiceHybridFormer
architecture provides an effective, explainable, and computayose#itient solution for
precision agriculture applications.
Keywords: Hybrid deep learning, CNiNlransformer, Explainable artificial intelligence, Grad
CAM

1. GKRKK

D¢nya negfusunun be¢yeék bir késméneén t emel b ¢
givenl i i a-eéséndan stratejik °neme sahip ol a
ekonomi k hem de sosyal a-édan °neml:i bir tar

pirin¢ Uretimi; bacterial leaf blight, brown spot, leaf blast, sheaghble tungro gibi fungal,
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bakteriyel ve viral hastal ékl ar nedeniyl e ci
hastal ékl ar yalnéeézca ¢reéen miktaréenée dejil ay
ekonomi k kayépl aBa medem| o makt aldekl. ar én er k
belirl enmesi, uygun m¢dahal e stratejilerin
takémaktader .
Gel eneksel bit ki hastal €] é& texkhis y°ntemler
incelemelerlegerceglk t i ri | mektedir. Ancak bu y°ntemler
a-ék ve genik tarém alanlarénda wuygul anmaseé

kar makék arka plan yapélarée ve hastamauk bel.i

etkileyebil mektedir. Bu séneéerl el ekl ar, bil gi
tespit sistemlerine olan il giyl artermexter

Son yeéllarda derin °jJrenme tabanlé y°ntemler
Neural Néworksi CNN) bitki hastal ékl arénén seénéfl a
Koymuxktur . CNN tabanl é& model l er, el il e ©°zel
ayeért edici mekO©nsal ©°zellikleri atn®@matr &k] e |
gel eneksel CNN mi maril eri -ojunlukl a yerel

i -erisindeki uzun menzil | i i kkil erd yeter
amacéyla alternatif y°nteml|l eat tagratyiaomn amalkd reir
dayal e Transformer tabanl é mimarilere y°nel |
birlikte kullanélmaseé, °zellikle karmakek ta
bakarémé el de edi |l mBls[#dlne ol anak sajl amaktade
Bu dojrultuda, bu -al ékmada pirin- yaprak he
sénéflandeéerél abil mesi amacéyla RiceHybridFor
°neri Il mi ktir. CNN tabanl ermerekt abael €éi k¢ Fr ék
model | emeyi birlekxktiren bu model de, dept hwi
resi dual baj l-exndietl atri ovre d&iqlkulkeaetzemekani zmal ar é
°czel l ik ° T reni mi heml ide tae ¢ &@pléedmaE K tveer.i m
yorumlanabilirlijini gel i ktirmek amaceéeyl a G
(GradCAM) tabanl é a-éklanabilir yapay zek© (XA

Kaggle tabanl é piirisetiyapzaki hastgqgeej eékivent i
performansé dejerlendirilmik ve ger-ek zama
edi Il miktir [6].
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2. DENEYSEL C¢ALI kMALAR

Bu -al ékmada, pirin- yapehkamalsitlaikkakiehda
amaceéeyl a Ri ceHybri dFormeradé verilen hibrit
¥neril en mi mar i, Evri ki msel Sinir Aj l ar éneéi

Transformer tabanl ésal nadplléniegiicénd birkawya @eatienektedira j | ar

Sistem genel olarak g°re¢nteég °n i Kl eme, °©ze
°J renme, sénéflandérma ve a-éklanabilir y a |
¢al ékmanén I kK akwe«r idlimigketaimé. ke ki | l16de

2.1. Veri Seti
¢al ékmada, Kaggle platformunda publicly avai
seti kullanéel méxktér. Veri seti toplam 11.790

setinde hem sajil éhém gapBakteéringé&l eyaprak vy

Sajl ekl é& yaprak, Yaprak yanékl éjé, Boyun yan
ait g°re¢ntegler bulunmaktader.
Veri seti; ejitim (%70), <cq¢ajerwel gma a( %1 k), meg e
Bu yakl akém sayesinde sénéeflar araséndaki da
Kekil de dejerlendiril mesi ama-|l anméxteér . T¢én
pi ksel boyutuna yieniden °1l -eklendirilmickt

2. 2. G°or¢nte ¥n Kkl eme ve Veri Artteér ma
Gore¢nt ¢ kalitesini arteéermak ve hastaleja ai
amacéeyla Guided Filtering ve Contrast Limit.
tabanl é bir °nnmekéme. sgGguededuy¥ygutering y°n
azaltéerken kenar bilgilerini korumakta, CLAH
renk dejikimlerinin daha belirgin hale gel me
Model in genel | eme yaektéernée] ? hr e nametyéir ma kK a lvtema k
akamasénda -exkitl:] ver.i artérma teknikl eri u
d°nd¢r me, °]l - ekl eme, parl akl ek ve kontrast
i Kl eml er i ni ie-ceer meokdteeldiinr . f aBr°kyllé - evr esel ko
°zelli kler °Jrenmesi hedefl enmi ktir.

2.3. Onerilen RiceHybridFormer Mimarisi
Onerilen RiceHybridFormer mimarisi hem yerel doku 6zelliklerini hem de kiresel mekansal
il kkil er. °gpéeelneebhi leni thabi f model ol arak t

gerént el erig bakl angé- bl oju (stem block),
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convolution), arteéek bajl ant &l auyarmgd rdikkati d u a |
mekani zogueezeak €éi { ati on (SE) attention mechanis
yapésé ¢zerinden i kKlenmiktir. Bu yapé sayesi
hesaplama maliyeti azaltél mékteéer . Bmqdélea ms al
geni kKl etilmik evrikim katmanlareée (dilated cc¢

alane (receptive field) genikleterek farkl
n

°Jrenil mesini sajlamaktadeér.
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Son akgmadal kortal ama havuzl ama (gl obal aver
(fully connected | ayers) kull anél arak hast al
kat manénda soft max aktivasyon fonklsmgwoneé&r .( s
¥nerilen modelin yoruml anaiCiAIMi rtlaibjainnlié aar-tééekrl
yapay zek© y°ntemi-CAkMI| 8 a&d én amréiktt&lra 1 &,] . mdsd aealdi r
hangi ger¢é¢nte bel gel eri ne ontahakktlaadnédrée ] eBn®éy | gecres
karar verme s¢greci daha «keff af hal e getiril
géeveninin artéréel masé hedeflenmiktir [7].

2.5. Deneysel Kurulum

¥nerilen model, PyTorch derin I°Mirk nwe Wisn d,qgpvh:
Pro ikletim sistemine sahip bir 1k istasyonu
9 9950X3D 16 -ekirdekl:i i Kl emci, 128 GB RAM
Radeon RX 7900 XTX ekr an k arecinde Adam bptinsizasydnmé Kk t e
algoritmasé ve kategorik =-apr az -eatropyrlasy i k ay
function) tercih edilmixkktir.

Baklangé- °jJrenme orané O0.0001 ol arak belir|
toplam 50 epoch boyuac ej i t i I mi Kkt i r . Deneysel analizl e
dojrul ama performansénda anlamlé bir iyil ex
ortaya -ékmasé nedeniyle ejitim s¢greci 20 ey
°J reynimeazal t mak ve model kararl él éjéene arter

tekni klerinden yararl anél méxktér .
Mo d el performanséneén dejerlendiril mesinde

duyar | el ék-skgru (Elscare) mgtrikiere u FlLan él mekt ér .

3. BULGULAR

3.1. Genel Senéfl andérma Perfor manseé
¥nerilen model, Kaggle tabanl é& pirin- yapr ak
perfor mans sonu-1| are ¢izel ge l16de sunul muk
akamal aréeéndaki dojruluk dejerleri ls@rkaséayl a
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¢izelge 1. Test Veri Seti Performans Sonu-1 a
Metrik Test Sonucu
Accuracy 87.9
Precision 87.2
Recall 87.5
F1-Score 87.1
Ejitim ve dojrulama dojruluklaré araséndaki
g°®stermedijine ve benzer performansé dojrul
etmektedir. Bu durum, I|iterat¢rde genell eme
il i kkilendiril mekte ol up model in lak@jr@nu®°ijr
g°stermektedir [ 8] . El de edilen performans
séenéfl aréené ge¢venilir Kekil de ayeéert edebil c
evri ki mli sinir ajl arénén (CANYeéerbdltrkas eyna@r
dojruluk ve ayeéert edi ci °zelli k °Jrenme kapg
edil miktir [9], [10].

3.2. Sénef Bazlée Performans Anali zi
Séenéf bazl e dejerlendirme sonu-1|areéinliki zel ge
(precision), duy asrkloerl & kl e j(errieDcea®liln)ianrvadd é F&n d a
gor ¢l megktgr . Mo d e | °czelli kle neck bl ast ve |
ul akméxkt éer .
¢izelge 2. Sénef Bazlée Performans Sonu-1|ar e
Hastal ek Séenefé Kesinlik | Duy ar || F1-Skoru
Bakteriyel Yaprak Yaneéekl|l g0.884 0.891 0.887
Kahverengi Leke (Brown Spot) 0.901 0.895 0.898
Sajl ekl é& Yaprak (Healthy 0892 [0.903 0.897
Yaprak Yanékl ejé (Leaf BI 0881 [0.892 0.886
Boyun Yanékl é&jé& (Neck BI g§0.910 0.907 0.908
Pirin- Hispasé (Rice Hi spg0.906 0.904 0.905

3. 3. Karkél aktér mal & Model Analizl eri
Onerilen hibrit CNNTr ansf or mer model i, y ay-g0é Wisiom | ar ak

Transformer (ViT), EfficientNetB 0 v e Mobil eNet V2 derin °Jr
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karkeéel akt éréel mektéer . El de edilen deneysel S C
hem sénéflandérma dojruluju hem de -ékareém
ser gi | eadyia] ikmiy nourktt ur .

¢izel ge 3. Karkél akt érmal & Performans Sonu- |
Model Dojruluk (A|¢éekarem Sg¢r

Onerilen Hibrit CNN Transformer %89.4 9.1

ResNet50 %86.2 13.8

EfficientNetBO %84.1 6.9

Vision Transformer (ViT) %84.5 9.8

MobileNetV2 %83.0 5.8

Mobil eNetV2 gibi hafif mi maril er daha d¢kgeéKk

sénéfl andérma dojruluju a-éséndan °neriil en m
Transformer model i ivseer idnoljirluilju k airlaes émedsaa pdl eanr
ger-ek zamanl é& tarémsal uygul amal ar I -1 n uy
Transformer (ViT), g°r¢nte¢g séenéeflandérma pro
derin °Jrenmel enemksebi GNN.t &banl & model |l erde

k¢-¢k par-alara (patch) ayérar ak  Dbattentiprar - al a

mekani zmasé sayesinde g°re¢nte¢ 1 -erisindeki k
veriset |l erinde bakareél é sonu-1I|lar veren Vi T mod:
alternatif yaklakém ol arak dejerlendiril mekt
tabanlée y°ntemlere kéyasl|l a dalesaplama méligeti ver i
a-eéséendan daha yojun yapeéelar oluxkturabil mekt
3. 4. Bileken ¢ékarma Anali zi
¥neril en mi mari de yer al an bil ekenl erin mo
amacéyla bilexkxen -ékarma anali zi ger - ekl ekt

Transf or mer belkcdakidn 4SE}Xmodibker veedritieglclendiricikeda n | ar € n

mod e | dojrulujuna ©°neml:i d¢zeyde kat ke sajl
omurga yapésénén kull anéel déjé durumda dojrul
bu durum ©°nerilen hibrit mimarinin etkinlifji
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¢izelge 4. Bileken ¢ékarma Anali zi Sonu-1ar é
Model Varyanté Dojruluk (Acc
Tam Onerilen Model 89.4

Transformer Bl oklaré ¢ékar él|851
SE Modg¢l I eri ¢tékar él mék Mode 86.0
¥reé¢nt g Ge-lendirici Kat man ¢ 86.4

Yal nézca CNN Omurga Yapeéesé 83.2

¥zell i kl e Transfor mer bl okl arénén -ékar él mas
meydana gel mi ktir. Bu dur um, ke¢resel baj |l ams

sénéflandéer él maséendaj kkiru t g ks tCenremreek t 2adhirp AAly 1

residual bajlantelar da daha kararl é& ©°zell ik

35.GradCAM G°rsellektirme ve A-éklanabil irl:i
¥nerilen RiceHybridFor mer amo&rermali a-QaMoe ywlmd a
tabanl é g°rsellexktirme teknikIleri kul |l anél m
sénéfl andérma sérasénda hastal éja ait | ezyor
plan bolgelerini buylk olcide gbzdaeé et t i J i ni or tGA/M  skoonyumul Kat ru
i ncelendijinde modelin ©°zellikle renk dejiKk

hastal ékl & b°l gelerde yojunlakteéejeée g°r ¢l mekt

yal nézca sredstogeilne ¢d%rre dejil, dojrudan hast
g°stermektedir. -CABlu g alkekmadai Gmadanal izl er
Yaprak Yaneékl ejé (BLB), Kahverengi Leke (Br
sémnéftha ait °rnek sonu-Ilar sunul muktur. Bun
setinde en belirgin lezyon -exitlilijJini vV e
dej i Ki mi |, nekroti k doku yapélrarneedweailyd 2y dnu
model in di kkat mekani zmaséneén dejerlendiri

sunmuktur .
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Bakteriyel Yaprak Yanikhigi (BLB) Kahverengi Leke (Brown Spot) Yaprak Yanikhg: (Leaf Blast)
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1

Orijinal Gériintii

I Yiiksek
I Diisiik

Grad-CAM
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S5
-
ot )

l Yiiksek
l Diisiik

N

Grad-CAM
Isi Haritas é

vk
Grad-CAM
Ist Haritasi Koo

kekil -2amGrasad Haritasé Uygul anan ¥rnek
El de edilen g°rsel a-éklamal ar, ©°nerilen si s
destekl emektedir. ¥zellikle hassas tareém
y°ntemlerinin kull anél mase, mo d e | -ekteéel a
yorumlanabi |l mesi ni sajl amaktadeéer . Sonu- ol @
yalnézca y¢ksek sénéfl andeéer ma bakar éesé dej
tahminl eme yeteneji de sunmaktader.
4. SONUC
Bu -al ékmada, pimiém- oyamaak khaena&lfélknhaece el m

hibrit CNNiTr ansf or mer tabanlé bir derin °Jrenme m

sonu- | ro °nerilen modelin kullanélan Kaggl e

a
bakarehgebvie Hir séenéflandérma performanseé s
k
é

°czel | i -ékar eme ile Transfor mer tabanl é Kk
kull anél maseéeé, hastal ék sénéefl ar e araseéendak
°Jrenil mesine katke sajl améxkteér.

¥nerilen modelin hafif yapéseé, dojruluk ve
sunarak ger-ek zamanl é& tarémsal uygul amal ar ,

uygun bir yapeée ort@Gad@ AMoymbenhbe. aAgkkEaaabi

52



BURSAl NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys5,3 2BBRSA
I SBN Q8 RB82-87 251

y°ntemlerinin kullanél masé sayesinde model in
hal e getirilmiktir.
Sonu¢ olarak o©nerilen hibrit CNNr ansf or mer mi mari si ; hes

a-éekl anabkdrié&lla ks é&neé fblaandér ma perfor mansé il

bir -°z¢m sunmaktadeéer . Gel ecek -al ékmal arda
ortamlar énda ger-eklexktirilecek test S¢roe-
daya k| el éjJ énén dejerlendiril mesi hedefl enebi l
¥neril en Ri ceHybri dFor mer mi mar i si, pirin-
yéksek performans g°stermi ktir. TEéandf@meredi | en

yapésénén hem yémnel hleezy®en k%z elsleil k Ibearj | ams all

°Jrenebil diJini ortaya koymuktur. Bo°yl ece f ¢
yapélabil mi ktir.
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MARUL (Lactuca sativa L) BKTKKSKNDE FE TUZ
UYGULAMASI KLE B} Y| ME VE GELKKKMKNE ET

Duygu AYHAN

Kéréekkal e | ni v e rdaygukeas2015@aenhbilicae MY O,

Dr . ¥Jr ., ,yesi Nur s al KOCA

Keréekkal e | ni v emussalkbca@kku.eBuetDODCOED26BB2E230
Bekir AKSOZ
Kéeréekkal e | ni verbskiragkswzall@gDal.comce MYO,

OZET
Bu -al ékma, f asraklisidermkirasikFe) SAg kombinasyol
L.) bitkisinin mor folojik gelikim parametr e
yeéer et el megkt ¢gr . Ar akt ér ma, Kéréekkal e ' niver s
al anenda aga@&kda kKewswldlyf parsell erinde fakt©ori
Denemede ¢(- farklé demir dozu (0, 5 ve 10) i
L 1) birlikte wuygulanméxkter. Demir ugsgul amal
uygul amal aré ise yapraktan p¢gskegrtme KekIl i nc
boyu, yapr ak eni , yapr ak sayeéese, bit ki y a K
belirl enmiktir. Belirl enen parialmetdeijrerilkdn dyi°
ortal amal ar araseéndaki farkl él ekl ar Tukey -
Araktérma sonu-I|laréna g°r e, demir ve salisi
blyume parametreleri Gzerinde 6énemli etkilem &t ur mukt ur . Yaprak boy

bakéméndan en y¢ksek dejerler Fe5 + SA150 wuy
bakéméndan en y¢ksek dejer Fel0O + SA150 wuy:
a-éséndan Feb + SA®H,ukaguluamg £a | ke b-aklearéek d
+ SAO uygul amal aré daha y¢ksek dejerler go°st
etkilekiminin istatistiksel ol arak anl aml e |

uzerindeki etkisinindemi d¢zeyine bajl é& olarak dejixktii]i:

demir ve salisilik asidin birlikte uygul anma
artérabil ecek et kil bir biyosti m¢gl dular, str at
s¢rdegreéeglebilir bitki besl eme uygul amal ar éna
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Anahtar Kelimeler: Mar ul , demir, salisilik asit, biyc

Abstract

This study was conducted to determine the effects of different iron (Fe) adicalid
(SA) combinations on the morphological growth parameters of letiaotuca sativd..). The
experiment was carried out under pot conditions at the experimental field of Delice Vocational

School , Kerékkal e Uni v entasdesign arrangediinnagompletdlya c t o r
randomi zed design. Three iron doses (0, 5, a
and 150 mg L 1) were applied in combination.

through irrigation, whereas|ggylic acid was applied as a foliar spray. At harvest, leaf length,

leaf width, number of leaves, fresh weight, and dry weight were measured. The obtained data
were analyzed using twway analysis of variance (ANOVA), and differences among treatment
meansver e determined by Tukeyds multiple compa
combined application of iron and salicylic acid significantly affected plant growth parameters.
The highest leaf length and leaf width values were obtained from the 58350 treatment,
whereas the greatest fresh weight was recorded in the Fe10 + SA150 treatment. The Fe5 + SA75
treatment produced the highest number of leaves, while the Fe0 + SA75 and Fe5 + SAOD
treatments resulted in the highest dry weight values. ighdisant Fe x SA interaction for all
evaluated traits (p < 0.001) indicated that the effect of salicylic acid on plant growth varied
depending on the iron level. In conclusion, the combined application of iron and salicylic acid
may serve as an effectiv@ostimulant strategy to improve growth performance in lettuce
cultivation. These findings provide valuable insights for the development of sustainable plant
nutrition practices.

Keywords: Lactuca sativd.., iron, salicylic acid, biostimulant, plant grdwtsustainable
plant nutrition.

1. GKRKKk

Bitkiler dojalaré gereji yakamlareé boyunca b
birden fazla stres Tansmsehbhr retemdar s €l areéeff
abiyotik ol mak ¢zere i ki bakéekfakte@€ngaoli ace
kur akl ék, tuzl ul uk, sécakl ek, aj ér met al al é
sénérgraggymmnniceli k ve niteli]Jini ol umsuz y©°ni¢
2012). Bu abiyotik stres faktorlerirtaé ms a | faaliyetlerin aksamas
neden olan en 6nemli tehditlerdir (Shulaeva ve ark.,2008). Bu stres faktorleri bitkilerde

met aboli k s¢re-»1 eri ol umsuz etkileyerek bg¢yy
neden ol mankdtaa dkear. k éllaarkéél an bu stres fakt©orl
s¢re-lerini dojrudan etkileyerek verim ve ka
stres kokull aréna karké hassas olan bitkile
uygul amal aré, salisilik asit (SA), pol i aminl
gi bi bir-ok b¢gyegme d¢egzenleyicilerin kull aneé
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(Lactuca sati va) gi bi dejer |l s e b Zae lilee r uy
yetiktirilerek verim artérélabilir ve kalite
Marul (Lactucasativd. . ) bi t ki si Compositae familyaséneén
sebzesidir ( Ek iLactoda satival0.1)2,) .d ¢(Masrku | kab(p a@makla i - er i
birlikte su, diyet |ifi, vitaminler, mi ner al
yaprakl e sebzedir. ¥zelli kl e A, C ve K vita
maddeleri icermesi nedeniyle insan beslenmesinfleede | i bir yere sahipti
Shi et al ., 2022) . Mar ul vV e dijer crenl eri
uygul anan besin madde uygul amal ar é mar ul k
ol makt adér ( ¥z b u damake maaillaihdorbahfir eilRb@hardddnemlieBirade
-ojunlukla a-éekta yetiktirildif]J:i gi bi ayne
°neml i kekl ek sebzelerden biridir (Erge¢n ve
dejerl emde@i rgirlediijmi mi kt aré bakémén birinci SEéer
Devletleri (ABD) ve Hindistan takip etmekte,
2024) . T KK verilerine g°re 2024 yélénda
ger-eklexktirilmiktir. | retim, ajérl éklé ol ar
ol up, bu il ler T¢grkiye mar ul cretiminde °nen

bitkisi hakkénda son bil gi |l sekgelirgétileresthezder t ar
arasénda yer al dejenée g°stermektedir (Kande

ver i mi ve kaliteyi artéermak i -in uygulanan I
daha fazla ilgi cekmektedir. Ozellikle salikili asi t ( SA) uygul amal ar &,
al éméne d¢zenl eyer ek k ° k Ve g°vde gel i ki mi
bitkilerdeki stres toleransénée artérma ve b,
et kil i Dbir sendrdnektgdir (Khan ve arla, R0O1% Egyat velark., 2010).

Bu bakémdan salisilik asit (SA), bitkilerde
mekani zmal aréné d¢gzenleyen °nemli bir bitki
asidisavunma yanétlaréenée aktive et mek, b¢yeé¢ mey
adaptasyon sajlamak i -in kullanér. SA, oksi
antioksidan sistemlerin aktivit eSalsilkiasidmr t eér ér
kl orofil kaybéné azaltarak fotosentez et kinl
Fe, Cu, Zn gibi ajer metallerin akéré biriki
gel i ki mi ni ol u msdiluazit, bitkildcdieki neetalaoisisikesini azaltiBaala Gnemli

bir rol oynamaktadér (Hayat ve ark., 2010).

Son zamanlarda, salisilik asit (SA), poliaminler (PA), absisik asit (ABA) ve jasmonik asit (JA)
gi bi baze bitki b ¢y ¢ mekomglgkg Bzyolojik,ybiyakimyasal veni n b

mol ek¢l er farkleleklara neden ol an -evresel

ve mi ktarl aréné etkileyebil mektedir (Wang ve
stres k ok ulg¢lyasrneen dvae bg d lkii Kk ibmi ni sénéerl andér al
ol maktadeér. Salisilik asit (SA), bitkilerde

ve bitki b¢gyéime ve gelikmesinde °nemli g°rev
(Hayat ve ark.,2010). Bitkilerde hastaleék dir
karkeée bitki yanétlaréné da d¢gzenleyebil mekt
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b¢yée¢me ve geli kmesi, f ot os e mkleanze, sengedens neayora | d¢
alemenda °nemli g°rev ¢(¢stlenmektedir. (Vicen
b¢yéeme déegzenleyicilerinin, bitkilerde -exit
bi yoki myasal deji ki Mhgne al @md&pé&hdaeg mPkro
ayreca °nem kazanmaktadér. ¥zellikle demir (
kl orof il sentezi gi bi s¢re-lerde dojrudan r
destekleyerek stredkk ul | ar éna adaptasyonunu g¢-1lendiri
2002).

Demir (Fe) bit ki gel i Ki mi i -1 n temel bir mil
role sahiptir. Fe eksi kIl i]i °czel kbvkeei kbHoj ot
et kil er. Kkte demir tuzlarénén bitkKki b¢y ¢ me
eksi kIl i7]i fotosentez oranéné azaltér; - é¢nkg¢

etkin bir kekil de bkewllleanreanmabzi .t kM d teerrdlei iFsee idlad
ve dol ayéséyla daha veri mli fotosentez g°r g
met abolizmaséné destekleyerek Dbitkilerin da
2002). Fe, kok hiicre bolime si ni dest ekl eyerek k°k gel i ki mi
ol mas e, bitkinin topraktan su ve besin al én
destekl er. Fe tuzl ar é, °zelli kle -imlenme Vv:«
kull anél ér (Briat et al ., 2007) . Fe, b¢yeé me
bir r ol oynar . Fe eksiklijinde oksin ¢retir
s¢re-lerini ol umsuz etkiler.zI|¥etveer Idenkgeliil eb
b¢yeyebilir (R°mheld & Marschner, 1990) . Fe
yaprakl ar vV e de¢ K¢k verimlilik goer ¢l ¢r. Fe

azaltarak daha sajl eldid mesinerismljil abi t{ Mial src
fakt°r birlikte ele aléndéjénda, bitkilerde

dengel i bir kekilde sajlanmasénén, genel bi t
sahip ol alcmgket eddg ke neBet ¢n bitkilerde ol duju
kapasitesi ve genel verimlilif7Ji czerinde Kkri
met aboli zmasénda °neml. bir yere sahiptir. |
t emel mi kro el ementlerin dengel] uygul anmas
verimliliji i-in etkili bir strateji sunmakt
czerinde stres kokullare aluggdbamal asénhék

et kil erini detayl e bir Kekil de incelemektir
dej eri yé¢ksek bir sebze ol up, yeti ktirme k¢

a-éséndan daha da dejkerkkazabiapoti k. staéékia
bUyldme dizenleyicilerinin ve Fe gibi mikro elementlerin bitkinin biyokimyasal, fizyolojik ve

morfolojik tepkilerindeki roll erini i ncel eye
ama-| amaktader.

Buknpsamda -al é@ékma, tarém sekt%°r¢gndeki uygul
s¢rdegreéelebilir tarém uygul amal aré ve stres it
t emel ol ukturmayé hedefl emekt e cerine ve biirhsdle e di
araktéerma toplulukl ar éna, stres y°netiminde
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et kil i kull anéméné ve al éeéméné g°stererek, h €
dekegnel mektedir .

2. DENEYSEL ¢ALI kMALAR

Materyal

Proje kapsaménda standart marul -exkiti denem
Denemenin Kurul masé ve yapél mase

Bu -al ékma, farkl é& demir (Fe) ve Salisik as
blyume 6zellikleri Gzerine etkilerini belirlemekma c éy |l a Kér ékkal e | nive:
Bitkisel ve Hayvansal pretim B°l ¢gm¢g uygul at
denemesi ol arak tesad¢f parsellerinde fakt®©°r
bitkisinde far KIOé Dbmi ©%10Fe )V edé2l0anéve Salis
mg / | ) uygul anméxkt ér . D e m#4 yaprékFokirjca fidglegnukbka ma s &
b°l gesine sulama yoluyla uygul anméexteér. Sal.
zamandab a Kk | a mé K ol up Ssprey Keklinde yapraktan
yeti ktirme ortamé fide harcé kull anél méxkteéer.
bakéhaadet tohumu ekil miktir. K¢l t ¢gnréend au yvgeu |
usul ¢ne yeér ¢t el miktgeer.- eMaryud p rba kilké |de°rne e ul
bit ki kal acak kKkekil de seyreltme ikl emi ger - e
temsi | edecek «kekil de heitki Uzeendeediciimgve doelemler a st g «
yapél mékter. Arakteéermada fide boyu (cm), y a
ajerleje (mg/bitki) ile k°k yak ve kuru ajeér

Fide boyu, bitkigizeyk9kibe] azegecthoprakokt aseée
yardéméyla °I|l-¢l erek santimetre (cm) cinsind
bitkiler ¢zerindeki tam gelikmik t¢egm yapr akl

Toprak Ustly ak aj ér |l éj énén belirl enmesi amaceéeyl a,
toprak y¢zeyinden kesilmik ve hassas terazi
kaydedi |l miktir. Toprak ¢sty¢ kur u lg@lgnssirdiej éneén
°rnekleri 80 AC'de 24 saat s¢reyle et¢evde ku
ajerl eklaré mg/ bitki ol arak hesapl anméxtér .

Kok yak ajeéerl énén belirlenmesi amaceéeyl a bi
y ék akn airzeer i ndeki toprak kaléentélaréndan ar én
hassas terazide tarteéelarak k°k yak ajeéerl ekl a
belirlenmesi icin kok drnekleri 70 °C'de 48 saat sireyle etivdelkdrunu k , daha sonr
terazide tarteéelarak k°k kuru ajeéerl eklaré mg/

(]
—>
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3. SONU¢LAR VE DEJERLENDKRME

Mar ul bitkisinde farkl é demir (Fe: 0, 5 ve 11

bit ki gelierm paemameeér elt Ki si 3 1 3 fakt©ori
dejerlendiril miktir. Her Fe |1 SA uygul ama Kk
toplam 54 g°zlem analiz edilmiktir. Yaprak &
ve bitki kuruaj ér |l eéjJ é& - al ékma dejikkenl eri ol ar ak
ortalama N standart sapma keklinde sunul mukt
temel varsayémlareée dejerlendiril mijwtiShapModde
Wilk testi ve QQ gr afi kIl er i il e i ncelenmi Ktir. Var
dejerlendirilmiktir. Ayreéca aykeéeré g°zlemler
ol arak kontrol edilmiktiril i me BRiawankgkv
kull anél arak incelenmicktir. Uygul ama kombin
karkél aktérma test.i Il e dejerlendiril mick %
belirtilmiktir. Eokdljeuwi chued ki @i cha nyamd mima @
uygul ama kombinasyonlarée ¢zerinden yapeéel méex:
parsiyel etk ar e dej er |l er i kull anél mékt eér . T¢m ana
ger-ekl ekt iObi dmijerveiptad, sti ksel ol arak anl

Fe Ve SA uygul ama kombi nasyonl|l ar éna g°re
parametrelerine ait tanémlayeécé istatistikle
ve yaprak eni bakéméndan Fe5 + SAlS5&dmarydgan am
en y¢ksek ortalama FelO + SA150 grubunda g°z

uygul amasé daha y¢ksek dej er isgFeGHSA7S wiFest-1 1 . K
SAO gruplaré benzer kekilde y¢ksek ortal amal ar a
Cizelgel . Fe ve SA uygulama kombinasyonl aréna g°°re
istatistikleri
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abedeay ng sotunda farkl e harf takéyan gruplar arasé

Fe | SA Yaprak boyu, cm Yaprak eni, cm Yapr ak Kok Yak a| K°k Kuru a

0 |0 |7 38 R o0,{7,80 N 0]16,67 R |4983+, 93 0,015 N 0, (

O |7 9,75 N o0,|8,25 N 016,50 N|61,50 N 4,/]0,022 R 0,

0 |50 7,07 N o0,|6,57 N o0[12,50 N|[44,17 N 2,J]0,013 N o0,

5 0 9,82 N 0,/8,23 N 1/16,00 N|[30,17 N 190,022+, 002

5 |75 [9,13 N 0,|6,08 N 0[|17,67 N|78,00 N 140,014 N 0, ¢

5 150 11,55 N 1/8,78 N 1]/14,33 N|80,50 N 3,/]0,020 K 0, (

1010 110,72 R o|8,75 N 1]14,50 N|69,83 R 140,019 RN 0, (

10/7 19 03 N o0,/8,22 N 0/15,50 N|51,50 N 110,014 R 0, ¢

10110 /g 53 { o0,{8,03 N 0]16,83 N|[92,00 RN 5,,0,019 RN o0, (

< 0,001 < 0,001 < 0,001 < 0,001 < 0,001

Fe: demir uygulamasé; SA: salisilik asit wuygul an
Yaprak boyu bakéméndan Fe ana et kFH2s45 3 st ati
40,16, p?=< O@,®Hn., Bwpna karkél ekF(S#H) =0vapet ki s
= 0,426=9,0,cpp83. Bununl a birIiktF(@f,4!E-)e=29[l7,6A et ki
0, 00%, 0dw22. ¢al ékmada el de gabriakbeyn (izeriadeki - | ar ,
etkisinin Fe d¢zeyine bajlée olarak dejiktif]i
Bul gul ar incelendijinde, en y¢ksek yaprak bo
1,35 cm). Bunu Fel0 + SAO grubu 10boywiseN 0, 6-
FeO + SA150 grubunda 7,07 N 0,10 cm olarak b
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12 -

= 10- l L= SA

3 1“\-\/41 ] <~ 0

e l ~ = 75

o | 150

&

> 8 -

0 5 10
Fe

kekil 1. Fe ve SA uygul amal arénén yaprak boyu ¢zerine

Yaprak eni ¢zerinde Fe FaBa €6Kkisi5A#0La5mp e=Dba
SAam et kisi de istatFi 8ti S| =oUBXBER, pHRaMAPd:
Fe 1T SA etkil eidmi 469 anll2AH8EN, 50 4< (k,ekG U, 2dp

[aie]

A
N

0 5 10
Fe kekil 2.

Fe d¢zeylerine g°re far kdrét aJAa nuaylgaurléa mal ar énd

Yaprak eni (cm)
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Yaprak eni bakeméendan en y¢ksek ortal ama Fe
gzl enmi ktir. FelO0O + SAO grubu 8,75 N 1,31 o
En d¢k¢k yaprak eni i se FelbaraSAG Gl gnmbknda.
yaprak eni yanéténén Fe ve SA uygul amal ar é

gostermektedir.

Yaprak sayésé a-éséndan FH 2ana 59t ki si,?8&n!| goml-
0, 045. BuhAaakhkaretekiei2Saml5g ml=¢é §&°A®240.,exSA 0, 002
etkilekimi de ista(iédstidb3ek Tl286akpakl gbRAE

19 -
= 17 - L l
g ‘\\—_/
= ] . SA
5 l\ l 0
= ==

15 -
3 | 75
= 150
g
>_ -13_

11‘ ] L ]

0] 5 10
Fe
kekil 3. Fe d¢zeylerine g°PreofaakbhmaBbAraygul amal ar énd

En y¢ksek yaprak sayésé Feb + SA75 grubunda
SA150 grubunda da y¢ksek bir yaprak sayéseée
dej er i se FeO + SA150 grubundau dumm5sA N 1,
uygul amaséneén yapr ak sayeése czerindeki et
gostermektedir.

Bitki yak ajérl éjé ¢zeri nB245F=16,a8pa @t &0 b, &m
= 0,427. SA anaFtxl+,64e mprEsab G@Rr , pAyr éca
et kil eki mi g ¢ - | B( 4d, ¢ z4e5y)d e= a2n712a3ni0, £ pé 9k, (Ok,ekG 1, 4

63



BURSAl NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys5,3 2BBRSA
| SBN 8SRB82-§7 251

100 -
j@ a0 -
= % SA
T g - / < 0
o 75
= 1 150
= IR
(an]

40 = \\\\\W

2[:' = ] ] "

0 5 10
Fe
kekil 4 . Fe d¢zeylerine g°re farkle SA uygul amal arénd

En y¢cksek yag8Aaperygeubeeda 92,00 N 5,87 g ol
+ SA150 grubu 80,50 N 3,33 g ve Feb5 + SA75 g
ajérl ék ise Fe5 + SAO0O grubunda 30,17 N 19, 2
standartsapmargup 1 -i dejikkenlijin fazla ol dujunu
kombinasyonu, yak biyok¢tle artéké a-éseéndan

Bit ki kuru ajeéerl é]é& bakéménkz 45) FoB2px®,80l,et Ki si
dp= 0, 304. SA ana FRt4k)i=g,B9pd e 0 a 020-D,247.6F¢ & BA

et kil eki mi i se ol dukR4a45)F 5530ps @ ¢ D@V De @PrLl o rkledk
5).
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o T~

=
£ [ SA
D 0018 - - 0
= 75
% ] 150
5 0.015 - ]
0012 -
0 5 10
Fe
kekil 5. Fe d¢ zeuyylgeurlianmea | ga®rréen dfaa rbkilték iSA ur u aj

En y¢ksek kuru ajéerl éek ortalamasé FeO + SA7
grubunda 0,022 N 0,002 g olarak g°zlenmiktir
kuru ajeéerl ek dekeblUkbunhmgrRtrerce Frkd¢gkegk kuru
grubunda 0,013 N 0,001 g olarak belirlenmickt
kombinasyonl aréna ol duk-a duyarl e ol dujunu g

Genel ol arak dejerl endmaliardéinénn dmar uHe gveel i XA
czerindeki etkilerinin -ojunlukla bajémseéez a
bajl e ol duju g°r ¢l megkt ¢r . Yaprak boyu, yaprae
deji kkenlerinin At aemmakmé nedka mFe ahl| aSml é bul unm
uygul amaséna verilen bitki yanéténéen Fe d¢ze
¥zelli kle Fe5 + SA150 kombinasyonu yaprak bo
+ SA150 kombi nasymérudayna ke najyeg W stekk bdaekjeer i Ve

bakéméndan Feb5 + SA75 wuygulamasé daha avant a

FeO + SA75 ve Feb5 + SAO gruplareée ye¢ksek dej e
SA uygul amal aarréanmeent rbegd yegme ¢merinde farkle y°©°

vV e en uygun uygul ama kombi nasyonunun dej ¢
deji kebilecejini g°stermektedir.

El de edil en bul gul ar, mar ul bitkisimede demi
gel i kme parametrel eri czerinde tek bakéna d
farkl é& d¢zeylerde et kild ol dujunu ortaya ko
i ncelenen ©°zelliklerde i statassitdikns ebli tokliadea ko |
fizyoloji k yanétén demir d¢zeyine bajlée ol ar
sentezi, fotosentetik elektron takénémé ve [
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elementi olarak gorev yaparken, sallsii asi t bit ki b¢yéemesini d¢zet
savunma mekani zmal arénée aktive eden °neml.i b
belirlenen farkl e uygul ama kombinasyonl ar éné
demir beslenmesii | e salisilik asidin fizyol oj ik V €
et kil eki mden kaynakl andéj e de¢kenegl mektedir .
-er-evesinde literatg¢grde bildirilen benzer -
Demir,b i t ki yakamé 1 -in mutlak gerekl: mi kr o Db
el ektron takeéneéeme, kl oropl ast gel i ki mi, s ol
sayéda enzi min yapésénda yer al makt ard ér ( N
besl enmesi fotosentetik kapasitenin artmaseén
ol arak daha fazla biyok¢ tNitekimonbrulda Fendnnva Mrk at k €
eksi klijinin fotosenteti k pi gimealeyeneRoostave k| or
ar k. (2018) , °czellikle Fe eksiklijinin fot
ol umsuz etkileyebilecejini bildirmiktir. Bu
boyu, yaprak eni, yvaki ajerarekamlee ketrlkii lager o lé
sonugtur.¢ al ékmamézda Fe wuygul amal arénén ©°zell ik
°nemli etkiler olukturmasé, demirin fotosent
Kekil de B (018)t yeterliedenar rb&slenmesinin bitki biylumesi ve Urin kalitesi

czerinde dojrudan et kil./ ol dujunu bildirmikt

ada en y¢ksek yaprak boyu dejerinir

Arakt érm

°neml i bir farkl él ek ol,adlisdikasidinebjiydmeyi dimedleyrcii | mi K
etkisinin orta d¢zey demir wuygulamasé ile b
Salisilik asit, bitkilerde yalnézca savunma
dej il , ayné zamainkdnae yhb ¢ yesitnkei | veey ege ° neml i bir
SA'"'nén h¢gcre bl ¢gnmesi ni tekvi k ettiiji, kKl or
arterdejé bildirilmektedir (Hayat ve ark., 2
ar téeenk,énFe' nin fotosenteti k kapasiteyi artere.
birl ekmesinden kaynakl andeéejé d¢kegnegl mektedir
Yaprak eni sonu-laré da benzer «kekil de dejer
kapasitesini belirleye  t e me | °czell ikl erden biridir. Y a
fotosenteti k yg¢gzey al ane ol ukturar ak kar bor
uygul amasénda el de edilen y¢ksek yaprak eni
verimlil iakv amm-téagémnsdagn ayabil ecejini g°ster mek-
salisilik asit uygul amal ar énén yapr ak gel i
bildirmixktir.

Bununla birlikte SA150 uygulamasénak Ba@yélse&k
ve kuru ajérl ék bakéeméndan d¢kegk dejerler |
durumuna bajl é olarak dejiktiJini g°ster mes

yetersiz kokul |l arda y¢ksek SA d¢ antoksidan bi t ki
yanétl aré artérérken b¢gy¢egmeye ayrélan kar boi
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bi yosti m¢glant veya hormon b-bagpéml éuygonbkEamal &
Lam ve ar k. (2024), vy¢ksekmeSAd ekjoinkskaennt | rearsiynodne

yol a-abildijini, buna karkél ék orta d¢zey S
arterabildiJini bil dirmiktir. Dol ayéseéeyl a -
perfor mans, y ¢ ks ek SAo0kdwlzwnnduan bFéey ¢ymeet eyresriizn e
met abolizmaséné daha fazla uyarmék ol abil ece

Yaprak sayésé bakéméndan en y¢ksek dejerin
b¢y

¢ me parametrelerinin uyguwleamadlidrda Jfi @i k Igé&
Bit ki gel i ki mi yalnézca besin el ementi d¢zey
-evresel kokull ardan da etkilenmektedir. Bu
biyok¢tl e art éekeéeameme me/snié loe kalnedrae ng etri-re kd ur u md
arteken ©°zellikle orta d¢zey Fe ve SA uygu
kaynakl arénée yeni yaprak olukumuna y°nlendir
¢tal exmanén en di kkat -ekici sonu-|laréndan bi
bakéméndan en y ¢ ksek dejerin FelO+SA150 uy
uygul amal ar énén k°k sisteminin gel i kmnumi é Z €
g°stermektedir Kok sistemi, bitkinin su ve
ol duj undan, k°k biyok¢tlesindeki artexk dojru
ko k h¢gecre bl gnmesini dest ekl eaktedir( Romheldve® k b ¢
Mar schner, 1990) . Salisilik asit ise k°k g
artérabil mekte vV e besin maddesi kKull aném €
Pl asencia, 2011). Bu nedentle g%$YkbkbehefRek¥kr &Al
biyolojik a-éeédan bekl enenSHAiOnéesostomatkt at ak ¢ d
il i kkil er. vV e stres yaneéet é czerindeki et |
kombinasyonunda bitkilerin hem fotosentetik kapase hem de su durumunu
ol abil eceji déekenel ebi Lir. Horticul tur al Croc
stres kokull arénda fotosentez, antioksidan
mekani zmal ar énéi deertfekrd mayreg &rké bartkérabil ece]j
ar k. , 2023) . Lettuce ¢zerinde yapélan bir - &
kokul |l arénda bitki boyu, k°ok geli ki mi, k1l or
edilrmi ¢gBabaousmai l vV e ar k. , 2022) . Bu bul

kombi nasyonunun yak biyok¢gtle ¢zerinde ol ukt
ol dujunu destekl emektedir.

Arakt érmada k©°k kuru aj ér |l éjren dea édka aury gbuell a mal

u-laré yak ajérl ek sonu-
|l ek ortal amal arénén FeO
€iknei ni he hkouruzamaddepabal

o
-~ >

Kk kuru ajeéerl ek s
yéksek k°k kuru aje
taze biyoke¢tl e art
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g°stermektedir. Fel0O + SA150 uygul amasé yacxk
kuru ajérl ék bakéeéméndan il k sérada yer al ma
dokul arén su i -ersiijnii nv edyaah ah ¢fcarzel ag eanritknhéekmeo | a k
madde yojunlujunun ayné oranda y¢ksel mediji
artekée -oju zaman su al émé, vakuol geni K| e me
net karbon asimigy o nu vV e yapésal madde birikimiyle
sunumunda bu noktanéen ©°zellikle vurgul anmasé
taze biyok¢itle a-éséndan °ne -ékarken, Kur u
d¢Keé ke SAylderinin avantajl é ol abil eceji geor ¢l
Fe ve SA araséndaki etkilexkimin olasé bir ba
aktif Fe havuzlare ile ilgilidir. Fe, topr a
formda olmayab | i r ; bu nedenle Fe besl enmesi yal né
b°l gesi ndeki -0 zéenerl ¢k, red¢ksiyon kapasite
altenda SA ve nitrik oksit uygul amiéaalkadané
ve takénéeméneée arteéerabildiiji bildiril miktir (
Fe i -eriji, kl orofil, fotosentez veya anti ok
b¢e¢yeéeme parametrel eri ndédslenmdarzkylod oyjan &t¢lzaery i Fned
kurdujunu d¢kegndegr mektedir. ¥zell i kle Feb +
yanétlar, SAénén uygun Fe d¢zeylerinde beyeén
yetersizIliiji kKokmunndgngs,les ek y8Aodloaxt ur made]

Araktérmada y¢ksek Fe d¢gzeylerinin tek bakeée
ol ukturmamék ol masé dikkat -ekmektedir. Bit|
demirin akerel adnnmesyd ed wWlrrumwmda reaktif oksi|j
artabilmekte ve oksidatif stres meydana gelebilmektedir (Briat ve ark., 2015). Bununla birlikte

salisilik asit uygul amal ar énén bul unduj u K
g°stermekbruyphtnent ki sini de¢kegndegrmektedir .
(SOD), katalaz (CAT) ve askorbat peroksidaz (APX) gibi antioksidan enzim sistemlerini aktive
ederek oksidatif stresi azaltabildijiubilin
-al ékmada antioksidan enzim aktiviteler:i o -
konusu mekani zmayé destekler niteliktedir.

4 . GENEL DEJERLENDKRME VE SONU¢LAR

Genel olarak dejerlendirildijindeg,gubwamadlagim
etkisinin parametreye °9zg¢ ol dujunu g°ster me
Fe5 + SA150 kombinasyonu, yak ajéerl ek bakém
sayésée bakéméendan Feb5 + SA75 keFelbtiSA7®geyesnu, Kk
+ SAO wuygul amal aré ©°ne -ékméexkter. Bu sonu-|
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b¢yeéeme parametrel eri i -in mutlak ol arak en i
uygul ama stratejisinin KEjeégn kamatlt evéjzi @i ve° g
gel i kim ise Feb + SA150; taze biyok¢gtle art e
Fe5 + SA75 daha avantajle g°r¢nmektedir. Anc

d¢kéek SA degzeylerin Feva kSAulywyguladmmamayagun ol a

Sonu- ol ar ak, Fe ve SA uygul amal arénén mar ul
et kil exki mli etkiler olukturduju belirlenmickt
verilen yanété yé@mdemdbirrein dlednejludfwmkartrdya k
geé¢-l¢ y°neg, Fe 1 SA etkilekiminin t¢gm incel
nedenle sonu-|larén uygulama kombinasyonl ar é
gosterilmesidir. Bununla bil i kt e, il erl eyen -al éxkmalarda vy
dejeri, fotosenteti k gaz deji ki mi, antioksi
fizyolojik °1-¢mlerin de dejerlendiril mesi,

a-ékl amayaakhbyacakter
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USAGE OF LUPIN AQUAFABA AS EGG REPLACER IN CAKE PRODUCTION
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Karamanoj | u Me h nkebrabktay@ktdunedwtre 00@D0203970768

Hacer LEVENT
Karamanojl u Mehmetbey Univer 9002782155l 7acer | e

ABSTRACT

In this study, we have focused on the effects of using lupin aquafaba as egg replacer in the
production of cake. For this purpose, samples containing 20%, 40% and 60% lupin aquafaba
(LA) were prepared alongside a control sample containing 100% egg and some physical and
sensory properties of these samples were compared. The incorporation of Lfkasitin
reduced crust lightness (L*) while having no notable effect on crumb color. Batter specific
gravity remained unchanged; however, cooking loss increased with higher LA levels.
Increasing LA substitution resulted in a decrease in volume indexhandes in symmetry and
uniformity indices. Textural analysis showed that hardness increased significantly with LA
addition, particularly at 60%, while springiness was not affected. Sensory evaluation revealed
that LA incorporation did not significantly ilnfence color, appearance, odor, or overall
acceptability, although taste scores improved and pore structure scores declined with increasing
LA levels. Overall, the results suggest that lupin aquafaba can be effectively used as a patrtial
egg substitute inake formulations, with up to 40% substitution providing acceptable quality

in terms of technological and sensory properties.

Keywords: Aquafaba, egg replacer, lupin, cake

1. INTRODUCTION

The demand for sustainable and functional pteErgedproducts has been increasing steadily in
recent years [1]. In this context, pladerived ingredients and food products are being
formulated to replicate and substitute aniipated components such as meat, milk, and eggs.
This shift is closely linked tde rapid expansion of vegetarian and vegan markets, alongside a
growing consumer inclination toward healthier and environmentally sustainable dietary choices

[2]. Additionally, evolving consumption patterns, the rising incidence of allergies related to
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animal proteins, religious dietary restrictions, and changes in purchasing power have
collectively contributed to a greater preference for pkasted proteins and their derivatives
[3]. In recent years, aquafabalefined as the viscous liquid obtained fronokiog chickpeas
or other legumes has gained considerable attention within vegan communities as a viable
alternative to egg and dairy ingredients in various food formulations [4]. Cake represents one
of the most widely consumed bakery products and holdggrifisant place in global
gastronomy. Its popularity stems from its versatility, which is enabled by diverse production
methods, formulation variations, reathb/consume nature, and relatively low cost [3;5;6]. A
review of the existing literature indicata lack of studies focusing on the utilization of lupin
derived aquafaba as an egg substitute. Accordingly, the present study aims to evaluate the
impact of substituting eggs with lupin aquafaba on cake quality. For this purpose, whole eggs
in the cake fomulation were partially replaced with lupin aquafaba at substitution levels of
20%, 40%, and 60%. The resulting cakes were subsequently analyzed in terms of their physical

and sensory characteristics.

2. MATERIALS AND METHODS

2.1 Lupin aquafaba prepaoat

Lupin aquafaba (LA) was prepared from dried lupin seeds following a standardized cooking
procedure. Initially, the seeds were thoroughly cleaned to remove impurities and then after
soaking, the water was discarded, and the seeds were rinsed witlhdteshThe soaked lupin
seeds were then cooked in distilled water at a ratio of 1:5 (w/v) under controlled conditions
(boiling at 95100 °C for 45 minutes). Following the cooking process, the liquid fraction
(aquafaba) was separated from the seeds batidtr. The collected aquafaba was cooled to

room temperature.

2.2. Cake preparation

The control cake formulation consisted of wheat flour (100 g), shortening (55 g), granulated
sugar (75 g), whole egg (60 g), f@dlt milk (70 mL), salt (0.2 g), baking paler (3 g), ethyl
vanillin (1 g), and DATEM (0.5 g). In the experimental formulations, whole egg was partially
substituted with lupin aquafaba at levels of 20%, 40%, and 60% (w/w) (Table 1). Initially,
shortening and granulated sucrose were creamed usiofpat mixer (Hobart N50, Canada

Inc., North York, Ontario, Canada) until a light and homogeneous structure was achieved.
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Subsequently, eggs were incorporated and whipped for 5 minutes. The remaining ingredients
were then added to the mixture, followeddyyadditional mixing period of 1 minute to obtain
the batter. A portion of 130 g batter was transferred into baking molds and baked at 175 °C for
35 minutes in an oven (Bosch HBT 112, Athens, Greece). Upon completion of baking, the cakes
were demolded andllowed to cool at ambient conditions for 30 minutes. After cooling,
samples were packaged in polyethylene bags, sealed, and stored at room temperature (22 °C)

until further analysis.

Table 1. Formulation of cake samples

0% LA 20% LA 40% LA 60% LA

Wheat flour 100g 100g 100g 100g
Shortening 50¢g 50g 50g 50g
Sugar 759 759 759 759
Whole egg 60g 48g 369 24g
Milk 70ml 70ml 70ml 70ml
Salt 0.2g 0.2g 0.2g 0.2g
Baking powder 39 39 39 39
Ethyl vanillin 19 1g 19 19
DATEM 0.5g 0.5¢g 0.5g 0.5g
Xantan gum - 0.5¢g 0.5¢g 0.5¢g
Lupin

aquafaba i 129 249 369
Water 70ml 70ml 70ml 70ml

LA:Lupin aquafaba DATEM:Diacetyl tartaric acid ester of monand diglycerides

2.3. Physical properties of cake samples

Color measurements weperformed separately on the crust and crumb sections of the cakes
by determining L* (lightness), a* (rédreen coordinate), and b* (yelldoWue coordinate)
parameters using a chromometer (Model CR 400, Minolta Camera Co. Ltd., Osaka, Japan) [7].
The specit gravity of the batter was determined as the ratio of the mass of a defined volume
of batter to that of an equivalent volume of distilled water [8]. Baking loss was calculated based
on the weight difference between the batter prior to baking and thebfkad product.
Furthermore, structural quality parameters, including volume index, symmetry index, and

uniformity index, were assessed in accordance with AACC Meth«id 10].

2.4. Sensory Evaluation of Samples
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Sensory analysis was conducted by a pawoelsisting of 15 sentrained assessors. The
evaluated attributes comprised appearance, color, pore structure, flavor, aroma, and overall
acceptability. Assessments were carried out usingainm hedonic scale, where a score of 1
indicatedemel ybi kkendexft ri ndi cated #Alike extr.
reflecting gradations of preference.

2.5. Statistical Analysis

All experimental data were statistically analyzed using JMP 5.0.1 software (SAS Institute,
Cary, North Carolina, USA). Signdia n t d fferences among sampl

- x Tukeyds Honestly S gn f cant D fference (
at P < 0.05.

3. RESULTS AND DISCUSSIONS

The color values of the cake samples are presented in Table brighmess (L*), redness

(a*), and yellowness (b*) values of the cake crust varied within the range$ @2.29, 10.71

13.89, and 36.041.80, respectively. The highest L* values were found in the control sample.
The addition of lupin aquafaba decreadeel it* values of the cake samples' crusts. Adding
lupin aquafaba at all ratios did not affect the crumb color of the cake samples. Crust b* values
decreased at a ratio of 60% lupin aquafaba compared to the control sample. Akbin et al. [10]
used the aquafalwd cowpea and lupin in cake formulations (0%, 50%, and 100%) and reported

that using an aquafaba at any level affected the color of the cake samples.

Table 2. Colour values of cake samplés

Crust color Crumb color
LA ratio L* a* b* L* a* b*
0% 62.3943.18 9.64+0.85 41.80+1.084 58.06+2.0% -2.70+0.37 22.13+1.29
20% 53.14+2.67 10.71+0.37 37.90+1.17 60.68+0.27 -2.62+0.03 22.43+0.18
40% 53.08+0.80 12.99+1.87 39.45+0.86° 61.80+2.23 -2.78+0.33 21.54+0.02
60% 49.29+0.69 13.89+0.16 36.01+0.985 64.07+2.14 -3.01+0.03 21.62+0.24

aMeans followed by the different letter within a column are significantly diffeqee®.05). LA:Lupin aquafaba

Figure 1 shows the specific gravity and cooking loss values of thesaak@es. No significant
differences were found in the cake batters (p > 0.05); however, cooking loss values increased

as the aquafaba levels increased.
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The volume index, symmetry index, and uniformity index values for the cake samples are
presented in Tabl3. The highest volume index values were found in the control sample, while
the lowest value was found in cake samples containing 60% lupin aquafaba. Cake samples
containing 20% and 40% gave the highest symmetry index values. The uniformity index values
varied betweenr4.00 (at 40%) and 4.00 (in control). The volume index indicates cake volume,
while symmetry indicates differences in height between the central and lateral zones. Therefore,
high symmetry indicates a substantial rise in the central portibtiee cake, while negative
symmetry indicates a decrease in volume at the end of the baking process [8]. It was reported
that cake samples containing 50% aquafaba exhibited a uniformity index value of nearly 0.00
mm [11].

Hardness is related to the iaitiforce required to cause deformation, while springiness is the
rate at which the material reforms or recovers after the corresponding force is withdrawn [12].
The use of lupin aquafaba in cake formulation (40 and 60%) causes an increase in hardness
values in cake samples. The highest value was obtained at the highest enrichment ratio of lupin
aquafaba. The springiness values of the cake samples were not found to differ significantly
from each other (p>0.05). It was determined that the hardness valle isazaples increased

as the volume index value decreased (Table 3). This may be because aqufaba cannot fully
replicate the eggbs role in providing emul s
formation in cake [13]. Crawford et al. (2024) used suescooked or boiled chickpea
aquafaba (prepared at a cooking ratio of 3 parts water to 1 part chickpeas and adjusted to a pH
of 5) in a highratio cake formulation as an egg white substitute. In the same study, they also
added xanthan gum or hydroxyprdgethylcellulose to increase the air volume fraction in
foams and improve stability. It was reported that regardless of the type or level of gum, cakes
made with chickpea aquafaba instead of egg whites were denser and had less than half the

specific volune of cakes made with eggs [14].
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Batter specific gravity Cooking loss (%)
(g/lcm3) b a
20 ab
1.5 a a a a 18 b
L2 16
0.9
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0.3 12
0 10
0%LA 20%LA 40%LA 60%LA 0%LA  20%LA 40%LA 60%LA

Figure 1. Batter specific gravity and cooking loss values of cake samples
aMeans followed by the different letter are significantly differgrtq.05). LA:Lupin aquafaba

Table 3.Physical properties of cake samples

. Volume Symmetry  Uniformity o
LA ratio index (mm)  index (mm)  index (mm) Hardness (g) Springiness
0% 104.00+1.4% 12.50+2.12  4.00+1.4% 937.08+9.54 58.96+2.19
20% 100.50+0.7¢ 21.50+0.06 2.00+2.83° 938.78+14.64 58.82+0.84
40% 96.00+1.4%° 22.50+0.7% -4.00+1.4® 999.32+7.186 59.87+1.69
60% 85.00+5.68 12.50+0.7% -1.50+0.7%" 1109.63+18.43 58.36+3.16

AMeansfollowed by the different letter within a column are significantly differgrt(.05). LA:Lupin aquafaba

In the study conducted by Akbin et al. [10], aquafaba obtained from cowpea and lupin was
utilized as a substitute for egg white in cake formulatimngeplacement levels of 0%, 50%,

and 100%. The findings indicated that cakes prepared with egg white exhibited the highest
values in terms of springiness, chewiness, and gumminess. Complete substitution of egg white
led to a notable reduction in the sifiecvolume of cakes produced using microwanéared
baking. Similarly, Asl an and Ert ak-ddrived ] [
aquafaba at substitution levels of 0%, 25%, 50%, 75%, and 100%. Their results demonstrated
that replacementputo 25% vyielded volume index values comparable to the control sample,
whereas substitution levels exceeding 50% caused an increase in firmness. In another study,
Mustafa et al. [4] compared sponge cakes prepared with either egg white or aquafaba obtained
from ten different commercial canned chickpea brands. The results showed that both color and
textural attributes were generally comparable and acceptable; however, cakes produced with

aquafaba exhibited lower springiness than those containing egg white.
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The sensory evaluation results are summarized in Table 4. The incorporation of lupin aquafaba
did not result in significant changes in color, appearance, odor, or overall acceptability scores
of the cake samples. An increase in aquafaba substitution lev@lssaciated with higher taste
scores, whereas pore structure scores showed a declining trend. Despite this reduction, overall

acceptability remained unaffected. Based on these findings, it can be concluded that lupin

aquafaba can be effectively utilizesl@n egg substitute in cake production at levels up to 40%.

Consistent with these results, Asl an and Erf
chickpea aquafaba received higher preference scores from panelists.
Table 4.Sensory scores ofake sample$
LAratio Color Appearance Taste Odor Pore Overal .
structure acceptability
0% 6.80+0.28 6.10x0.28 6.40+0.124 5.55+0.49 6.40+0.132 6.55+0.49
20% 6.90+0.14 6.60+£0.123 6.60+0.148° 6.40+0.5F 6.05+0.2%° 6.85+0.2%
40% 7.00+£0.06 6.65x0.2% 6.85+0.07° 6.90+0.14 5.55+0.35° 6.95+0.0F
60% 7.00+0.06 6.55+0.33  6.95+0.07 6.95+0.07 5.25+0.38 6.15+0.2%

dMeansfollowed by the different letter within a column are significantly differgrtQ.05. LA:Lupin aquafaba

4. CONCLUSION

This study demonstrated that lupin aquafaba (LA) can be used as a partial egg substitute in cake
formulations, with its impact depeimgj on the level of substitution. Increasing LA levels led

to darker crust color, higher cooking loss, reduced volume index, and increased hardness,
indicating a weakening of the structural properties of the cakes at higher substitution ratios.
While batte density and springiness were not significantly affected, textural deterioration

became more pronounced, particularly at 60% LA incorporation.

Despite these changes, sensory evaluation results showed that the use of LA did not negatively
affect overall aceptability, color, appearance, or odor. In fact, taste scores improved with
increasing LA levels, although pore structure scores declined. Considering both technological
and sensory attributes, it can be concluded that lupin aquafaba is a promisiAgapéaht
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alternative to egg in cake production, and its use at levels up to 40% provides the most balanced

results in terms of quality and consumer acceptability.
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¥ZET

Bu -al éxkmada, farkl|l é& tahel unl aréndan ¢r e
°czell Kl er karkeéel akt ér mal € ol ar ak dejerl er
karabujday, tamnbai@agawveelyddd aé¢d | en ekmekl e
kaybée ve sert.]l k dejerler ncelenm Kt r. El
1.2 20 cmj/ g arasénda dej] Km K; en y¢ksek d
karabuj dJaynwdek el rienm kKt r. P11k3 .rln@e akraayl beg ¢
ol duj u, en y¢ksek p kK rme kaybénén yul af ek
ekmej nde ger-ekl ekt ] tesipdt 66dNI esnmr x§€éndasS
buj day ekme]j en d¢kegk, karabujday ekmej S
ol ar ak sonu-1I| ar, kull anél an t ahel t ¢réneén
°czel |l kKl er czer nde bel rg n. farkl el ekl ar o

Anaht ar KEWmalk, etrahél unu, spes f k hac m, p

COMPARI SON OF SPECI FI C VOLUME, BAKI NG L OS
PROPERTI ES OF BREADS PRODUCED FROM DI FFEREN
ABSTRACT

I n th s study, some pdpyesr tcads anfd hHreexa dig af
d fferent cereal flours were comparat vely e
| os s, and hardness val ues wer e exam ned n
buckwheat, whol e whoeradt ,ngando otahte ffl onudr sn.g sAc cs

ranged from 1.02 to 3.20 c¢cmj/ g; the h ghest

| owest val ue was observed n buckwheat br ead

1 Corresponding author: raciyemeral@yyu.edu.tr

80


mailto:ahsengorentas@yyu.edu.tr
mailto:raciyemeral@yyu.edu.tr

BURSAT NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys ;3 ZBRRSA
| SBN S8RB2%7 251
13.10%, w tk ngel bsghesetobded n oat bread al
values var ed from 6.85 to 24.60 N; wheat ©br
buckwheat bread showed the h ghest haredness
of cereal flour used caused s gn f <cant d f

propert es of the breads.

KeywoBdsesad, cereal flour, spec f ¢ volume, b
1. GKRKKk

Ek mek, d¢nya genel nde yaygén ol arak t ¢l
Gel eneksel ekmek ¢ret m nde en yaygén kull an
ekmek ¢ret m nde terc h ed Imes n n temel n
el ast k ve v skoelast k b r aj yapé ol uxktur
karbond oks t gazénén hamur -er s nde tutul

kazanmaséna ke&akédd. pbull@88b6r HuOX2da; VdOr2lBey dm
2015)

Son yéllarda t¢ket ¢ |l er n farkle tahel
alternat f ekmek -ex tler ne ol an l g s art
tam bujday g b takalll amemée R mekn kretanmeéewxd & r
a-édan baze avantajlar sajlayab | mekle b rl
ol uktur alf Alnmge lotl edh r ve Col | ar, 2011, Capr | e
¥zel |l kylaep&gsé&aném zayéf ol masé veya gluten - €

azaltab I mekte ve ekmek hat@appdel d¢kyde, n2de

vd., 2021; Gm2dov§ ve Rysov§, 2022)

Ekmek kal tes n n dehaecr Ine,ndp rk |rnmmees knadyeb és p
kal te parametreler arasénda yer al maktadeér
ol duju hacm fade eder ve ekmej n kabar ma d
ver r. Bu nedeml!| e veekmék e nheak yapeéeseé, erén,
dejerlend r | mes nde yaygéen Amilgamalonkulviea rCell e
P Kk rme kaybe se p K rme séraseénda ¢regnden

meydana (glkaemérkg&tdgester mekted r. Sert| k dej

ortaya koyan °neml b r parametred r. T¢ket
hac ml ekmekl er genel | kl €« Ddahga vel Kmalrbbodepg
Heenvadn. , . 2 B@38 )k al te parametreler ekmek ¢r
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teknol o] k ©°zell kl er nden dojrudan etk | eni
-er |, su tutma kapas tes v emalsa@&mu re krmee | ]
hac m, nem kaybé ve tekstg¢rel ©°zell kler nde
tahel unl aréyla ¢ret Ien ekmekler n yalnézc:
tekstg¢grel k al te °9zaedktéekimaelré dlakreanlke ndrane ldean
Bu -al é&kmanén amaceé, farkleé tahél unl ar éndan
ve sert|l k ©°zell kl er n karkéel aktérmal & ol a

2. MATERYAL VE Y¥NTEM
2. 1. Mat eryal

¢al ékamapdaa, bujday, -avdar, karabujday, tan
Her b r tahel unundan ekmek ©°rnekl er hazeéer|
kal te °zell kil er bakéméndan dejerlend r | m

2. 2. Ekmek | ret m

Ekmek w@pdet omomat Kk ekmek yapma mak nes
kull anél mékter. Farkl é& tahel unl aréndan hazé
tutul muck, yalnézca kullanélan un -ex d dej

G°rseVed6dm k't r.

[ 1. Bilesenlerin tartilmasi ]
+
[ 2. Karistirma ve yogurma ]
+
[ 3. Kitle fermantasyonu ]
+
[ 4. Sekil verme ]
+
[ 5. Ana fermentasyon ]
h 4
[ 6. Pisirme ]
+
[ 7. Sogutma ]
G°rsel 1. Ekmek ¢ret m akék kKemasé
Ekmek -ex tler nde kullanélan su m ktaré,
farkl él ék g°sterm kt r. Bu nedenl e fofim¢gl asy
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300 g aralejéenda dejerlend r I m kKl ere nleerg°un
ayarl anmékteéer (¢ zelge 1). Hazérl anan hamur |l
fermantasyonu, kKek | verme, ana fermantasyon

¢ zelEkeanek. ¢ret m nde kull anél an temel b |

B | eken Kdve sev yes (¢

un 400

Ekmek katkeésé 3.2

Maya ( nstant akt 6

Tuz 6

keker 8

Ya]j 20

Su 20600

2.3 Spes f k Hac m Anal z

Ekmek ©°rnekler n n hac mler bel rlienm K
hac m dejer , e kaneekr Ihéajcém an onr aenklmaenkma s éy |l a h e

Spes f k Hac m (cmj/ g) = Ekmek Hacm ( ¢ mj

2. 4. P k rme Kaybé Anal z

P kK rme kaybeée, hamurun p K rme ©°nces aj
araseéendak fark estaear al énarak hesapl anm

P kK r me K=ay[b(éP (k%)r me ¥nces Aj éerl ék 1 P K
¥nces Ajéerlek] T 100

2. 5. Sert |l k Anal z

Ek me k °rnekl er n n sert | k dejerl er
dejerlend r I m kt r. eé&Sleajtd ke m&knerk k -dayyagpree
veren °neml b r parametred r. Sertl k dejer
3. BULGULAR VE TARTI k MA
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Farkl ée taheél unl aréndan ¢ret | en ekmekl er
20de verr. |[Bhkmek kal tes n n dejerlend r | mes:s
sertl Kk g b sayésal parametreler n yaneé sér
ge°ré¢negm¢g ve kes t yapéesé da °neml gkstergel
yapésénén homojenl ] ve g°zenekl | k d¢zey
sérasénda olukan yapeée gel K m hakkénda g°°rs
kull anél an unun prote n yapégeée, vgel wstuen ud Ilmak tc

I KkkDé Bomndt vd., .2021; Sun vd., 2023)

 Arpakmegi

— - —_— — a
N i

;I |
PRy i T

» < ) W S
p, b = T
o
|

proTrr M S gy

" Tambugday Ekme Karabugday Ekmei " Yulaf Ekmegi

G°rsel 2. Farkl ée taheél unl aréndan ¢ret | e

Farkl é& tahel unl aréndan ¢ret | en ekmekl er
dejerl er ¢ zelge 26de ver I m kKt r.

Spes f k hac m dejerler ncelend J nde,
ol duju g°r¢l mekted r. 1Sped fcnk /lygacarms@Eajdar |c

yé¢ksek spes f k hachbun] daey ee k me3j. 2r0d ec nhelg r | lee
bujday ununun gluten prote nler bakéméndan
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Gluten ajé, fermantasyon sérasénda olukan ga
p K rme sérgeeihedmamasahmae kat kéeéda bul unmakt adE®é
d jer taheél ekmekl er ne g°re daha (hGacn mid. ,v
1995; Meral ve DoYan, 2013; Schopf ve Scherf

¢ zelge 2. Ekmek Ramnerk, ep @ mme pleay dé kv e

¥rnek Spes f k H P kK r me Sert |

Ar pa 1. 32 11.90 18. .

Buj da 3.20 12.70 6. 8.

¢avda 1.63 11. 64 14.

Kar ab 1.02 12.29 2 4.

Tam b 1.81 11.90 12. "

Yul af 1. 34 13.10 17 .

En d¢ke¢k spes f k hac m dejer se 1.02 c
Karabujdayén gluten -er memes hamurda el a
sénérl andérmaktadér. Bu dur um, haensurnuen vpe kd arl
kompakt b r ekmek yapésénén olukmaséna nede:i
ed |l en d¢kek spes f k hac m dejer | bu ¢r éng
I Kk | enCdaprpellm ktvd. , 2020; Mar ottt vd. , 2

Arpa ve yulaf ekmekler nde spes f Kk hac m
bel rienm Kkt r. Bu dejerler, buj day ekmej] ne
unl arénéen gluten kal t es b a k € nké nhdaacnm bnu jnd asyé
kal masénda et k | ol ab | r. Ayréca bu taheéell
gaz h¢creler n n gen K|l emes n sénérl andeéerab
ekmekl er n ol ukmas & mha sreend evrd . 0 | a0 2l1nbe k tRe de dre r

tavdar ekmej n n, arpa, yul af ve karabuj
bujday ve tam bujday ekmekler nden daha dg¢t
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bel rienm Kkt r (1.63 cmj/ gn)a.n Paewndaorzaminamurs
kapas tes ne katke sajlamakla b rl kte, -avd
ekmek hacm n n sénérl é& kal maséna neden ol ab

Tam bujday ekmej nde se spes f k hac m c
dej,ebuj day ekmej nden d¢kegk ol makla b orl kt e
yé¢ksekt r. Tam bujday wununda kepek ve rukey
s¢r ekl l 7 n kéesmen zayéflatab | . rAnBak duam
bujday ununun gl uten -er mes karabuj day, é
gel K m sajl amexter.

P kK rme kaybeéeilBejldr lagraséwdh. 6de] «km Kt r.
%13. 10 l e yul af ekmé&imejde deelp rkl anmm kta yrb.é n¥
yulafén | f yapése, su bajlama kapas tes
I Kk | ol ab | r. P Kk rme sérasénda hamur
ajéerl ejéenda azwe maykk ryme lkayna&krnéa artéer makt ad

En d¢kegk p K rme kaybe se %l1. 64 l e - a
ununun y¢ksek su tutma kapas tes ne sah p b
sénérl andér mék olekomd] rndeudahua udw, kK kavpd aw r mi
a-ékl amaktader. Arpa ve tam bujday ekmekl er
bulunmuk ve %11.90 ol arak bel rlienm kKt r. K a
ol arak tesp tj eed Ilknarkatburj.daBu ekene] n n d¢Kyg¢Kk
p K rme sérasénda orta d¢gzeyde k¢gtle kaybeée g

Sert | k dejerler ncelend J nde, ekmek ©°
go°r ¢l mekted r. 53dr60D N depséhdnrn d6j 8km kt r.
N |l e bujday ekmej nde bel rlenm kKt r. Buj de
spes f k hac m ve daha g°zenekl - yapée | e
- dape@ haf f ve yumukak ol makta, bu durum s
( Meral & DoYan, 2013)

En y¢ksek sertl k dej er s e 24.60 N I
Karabujday ekmej n n d¢ke¢gk speas kfomip alkac vre o€
ol dujunu g°stermekted r. Kompakt yape, ek mek
ve sert.|l k dejer n n artmaséna neden ol muktu
y°enl ¢ b or I K k ol dsjunk batamaakaldaktadek
hal e gelm Kk ve sert/l k dejer yé¢kselm kt r.
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Arpa ve yul af ekmekl er nde sert.l k dejer
bel rlienm kKt r. Bu k °rnekte spesl dgr kn hnac
bujday ve tam bujday ekmekler ne g°re daha
y¢ksek tahel unl aré hamur vyapésénda gaz hg¢c
durum daha yojun b r ekmek -afy aplemékloe ukn die
artekeée meydana gelm k ol ab | r.

t¢avdar ekmej nde sert| k dejer 14. 75 N ¢
bakéméndan bujday ve tam bujday ekmekler nd
ekmekl er nden desjeerd agh®as tdesrkng kk tb rr. Bu durum, -
e k me k - yapéséne b r m ktar yumukat maseéyl a
bujday gl uten kadar g¢-1¢ ve el ast Kk ol mame
dahaolsmatséna neden ol muktur.

Tam bujday ekmej nde sert./| k dejer 12.9
ekmej n n sert/l k dejer buj day ekme]J nden
daha d¢k¢gk bulunmuktur. Tamcéklidag ghuneda &jud
ujratarak ekmek hacm n azaltab | mekte ve s
ununun gl uten -ermes , karabujday ve yul af
ol ukmaseéna katkeée sajl améxkteéer.

Genel ddjaeralkend r | d J nde, buj day ekmej
sertl k dejer yle en yumukak ve en hac ml y
d¢kek spes f k hac m ve yeé¢ksek sertl k dej e
- ékmewltaefr .ekfme] , en y¢ksek p kK rme kaybe dej
en d¢kegk p kK rme kaybéna sah p °rnek ol muktu
ve tekstg¢rel kal te ©°zell kl er d ¢rz.er nde do]j
4. SONUC

Bu -al ékmada arpa, bujday, -avdar, kar abu]
ekmekl er n spes f k hac m, p K r me kaybe \
dejerlend r | m kKt r. El de e d |eknmebku | kgaull atre s
bel rg n etk | er olukturdujunu g°sterm kKt r.

En y¢ksek spes f k hac m bujday ekmej nde
gaz tutma kapas tes ve hamur genl ekmes & Z ¢
d¢kKée&ks sfp k hac m se karabujday ekme]J nde t
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d¢kek spes f k hac mle b orl kte en y¢ksek s
tahéllardan ¢ret | en ekmekl erde dahlat &d mp.akt

P K rme kaybé a-éséndan en y¢ksek dejer y
ekmej nde bel rlenm kKt r. Bu dur um, tahél b
séraséenda meydana gelen k¢t e kaydoéér . ¢ zSeerr tnld
sonu-I|laré genel ol arak spes f k hac m dejer|
yéksek ol an bujday ekmej daha yumukak, spes
daha sert bulunmuxktur.

Sonu- ol arak, aakenennakmekt ghelt wmnhde kull
bes nsel dej er a-éséndan °neml ol makl a b r
czer nde baze sénérl|l ayeéeceé etk | er ol uktur a

karabujday vahéehbvdaéngkbll anél dejée ekmek for

°czell kKl er n y | ext rmeye y°nel k form¢gl as

TEKEKK] R

Bu - alFRxmal,é AEkmek ¢BPkyabetr 1tk RAnt | e
B yoer kébrl nrh oBebawllé&klimesy ksek | sans t
-al ekxmaseé, M. Ahsen G¥RENTAK TERKM tarafénda
Rac ye MERAL taraféndan yg¢r-202Bnmi7k5t prr.o jYea znaurn
| et edkelseyen Van Y¢gzencye Yel in vers tes B

tekekke¢gr eder.
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OZET
Géenegmegzdet ak@dll @j ielverinin gelikmesiyle birli
giderek artmaktadér. Ancak klasik robot s¢pé

titrekim ve hareket kararseéezl éjé giyadpelraom, e

model bir robot sé¢péergede kullanél an pn° mat
sim¢glasyon -al eékmasé il e ikitlesnimleymimodeliesas Tas a
al énarak matemati ksel ol arak- enolded tl iemimli mi ksti i
PI'D denetim organe kull anél arak farkle vyol
parametreleri belirlenerek optimum kontrol s
gibi aktif stispansiyona sahip robot siplirge hereemk onumunda en i1 yi perf
Bununla birlikte, pn°matik s¢spansiyon siste
hareket kabiliyetini en iyl d¢zeye getirileb
durumda @edialaekiamadr | & hareket kabiliyeti ol

Anahtar Kelimeler: Robot slUplrge, Pnomatik stspansiyon, PID denetleyici, Dinamik

Modelleme
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1 GKRKKk

Robot sé¢pérgel er akéell e ev teknyoayogéinl ealiar e
kull anél an otonom mobi l robot sistemler:i h©l
temizIli k yapan <cihazlar ol maktan -ékmeéecxk; Li
dest ekl karar mekani zmal ar & natamae(BLAM) a man | «
al goritmal aré sayesinde -evresini algélayabi
uyum sajlayabilen gelikmik Tdoboti k platfor ml
¢al eékxmal ar i ncelendijinde, ar aaviga8yom@apsamaen b ¢
alane planlama ve otonom hareket WBOUWDAR Ol ¢ ¢ z
tabanl é harital ama sisteml er i vV e SLAM al gc
sé¢péergel erion konuml andér ma dojaandluf @l meErkt év €
verimlilifji iyilektirilmiktir [1], [ 2] . Ayr é
nesi | robot s¢peé¢rgelerde ger-ek zamanl é -evr
°nemli °1-¢de gelin[Xq4.ri I diJi rapor edil mikt

Robot s¢pe¢rge teknolojisinin yeéellar i -erisir
sistemler rastgele hareket eden ve séneéerl e

gunimuzde yapay zeka destekli, coklu sensor kullargamaritalama yapabilen sistemler

kull anél maktader . ¥zellikle 2020 sonr asé (
al goritmal ar éneén yaygénl akmaseée robot Séepér
sajl amexkteéer .

¢izelge 1. Robot S¢peérgelerin Gelikim Evrele
Doénem Ozellikler Teknolojik Seviye

1996 2002 sKulpUl;geIQres Phorastglg sk

2002 2010 Sensor destekli sistemler Orta

2010 2020 Haritalama ve Wi kontrol Yuksek

2020 Gunumiz | Yapay zeka, LIDAR, ¢coklu sensor| Cok yiksek

Robot s¢pérgelerin performanséné belirleyen
Her ne kadar navigasyon sistemleri geli kmicKk
hareket kararl el éjJé& dojrudan mdkeéaknmak stéarsaasréeenmn
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hal e, parke, serami k, exik ve kabl o gibi far
ol ukumuna, -ekik kaybéna ve hareket dojruluj
Bu problemlerin azal t él ma spasifsuspansigony diseemlenio b i | r
czerine -ekxkitli - a | ElR].mMekerlekbacak bilrit rabdtlar gizerinder i | mi K
yapélan araktérmal ar, s¢spansiyon sistemleri
°neml i et kil eri 70]l.duAkutniuf gs°¢sstpearnnsiikytoinr kflont r ol

robotlarda g°vde sal énémlarénén azaltél déj e
belirlenmiktir [8]. Adaptif s¢gspansiyon si st
ylzeylerde robot govdesinha ha dengel i tutul abil di]i rapor
aktif ve pasif s¢spansiyon sistemlerinin mob

performanséné ivyiliRktirdiij.i belirtilmiktir |

Pn°mati k s¢spansiyon i peembemansei veeygigmegyg?®
sajl amal aré nedeniyle son yeéellarda dikkat -e
[13i15]. Hava yayl aréenén sékeéexterélabilir yape
sistem farkl é y¢zeayukmoswall ayamal dneka eldolray Pn

sistemlerinin robotik uygulamal arda sajlayab

¢izelge 2. Pn°matik S¢spansiyon Sisteminin S
Avantaj A- ékl ama
Titrexkim azal Dar be véel asraér saézr

Hareket karar Robotun dengeli

Zemin uyumu Farkl é& y¢zeyl er dé

Mekanik koruma Bil eken zorl anm

Yézey temaseé Tekerlekz e mi n t emas e

Cizelge2 ncel endijinde pn°matik s¢gspansiyon si st

amaceéeyla dejil, ayné zamanda robotun hareket
°mr ¢n¢g uzatma a-é€séndan da °neml i kat kel ar s
uzzrine ger-eklexktirilen g¢ncel -al ékmal arda,

parametrelerinin s¢gspansiyon performansé ¢ze
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[ 14]. Ayréca PID tabanlé kontrol yP°amtsemléer i n

Pyilektirdif§i rapor edilmiktir [15].

Robot s¢pérgelerde karkél akélan temel zemin
probl emler robotun hareket kararl el ejé, ener

dojrudan etkili ol maktader.

Cizelge3Robot S¢pe¢rgelerde Karkél akél an Ze

Problem Sonug
Eki k Takeéel ma
Hal e teki kK kaybeé
Kablo Sar él ma
Kaygan zemin Patinaj
Bozuk yuzey Titrekim
¢izelge 3 incelendijinde robot s¢péergel erde
tekerlekz emi n et ki |l eki minden kaynakl|l andéejé g°r ¢l |
olukan titrekimler, robotun sens®r perfor man
etkileyebil mektedir. Benzer «kekilde exik ge-
bilekenlerde zorl anmal ara neden ol makta hem
Bu nedenle s¢spansiyon sistemleri robot s¢pé

gel miitdal.ir [ 7

Son yéllarda ger -ekl ewtiifr ivlee mp a-sa lfé ksmaslparndsa yy
ayné zamarmhdaa atkd kkermoedbk | robotl ar i -in gelikKti
mekani zmal aré da incelenmixktir. Sé¢spansi yon
kararl él éj é& ve emngreil nda« nfan gmlrif oeg tmainiser i¢ ol du
Ayréca ticari temizIli k robotl aré ¢zerine ger
beklentilerinin d¢gkegk titreki m, yéksek harek
saj | ama °rzaeflédndcka ekrekieltl endi ji belirtilmiktir
S¢spansiyon sistemler.i czerine ger-eklextiri
tekerlekb acak hi brit robotl ar ve aftlabzli. rBoubnoat |kaarrék

pnomatik stispansiyon sistemlerini r obot s¢pérgel ere uygul anmas
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model | enmesi ve matl ab ortaménda dinami k ana

-al ekxmal arén ol duk-a séneéerl e olduju g°r¢l mek

Bu -al ékmada, ¢izelge 20de verizehnhgen3dae i k
belirtilen zemin probl emler:i birlikte dejerl
Sé¢pérge siostemi model | enmkittes®Pme mieyti em matkl a
kull anél arak ol ukturul muk vada rPRPIl Fakd&dtér ol¢ zyen
d¢zensizIii kl erini temsi | eden sings, kare ve
incelenmik, titrekxkim s°n¢gmleme performansé v

edilen sonu-I|larén r egbptansd pyomng «lud rl den éprePhmant iL
ortaya koymasé ama-|lanmaktader.

2. Roboti k S¢pé¢rge Tasaréemée ve Anal i zi

Bu -al exmada, robot sé¢péergel erde kull anél m
sisteminin dinamik daedahekéet model |l enmi K ve
Pnomatik slspansiyon sistemi, tek serbestlik derecelikyilg-sonimleyici sistem olarak

model |l enmi Kt ir. Mekani k si stemin hareket d
akaj edaki Kekil de i fade edil miktir

G® @ Qw 00

Buradad sisem kitlesini@s®° n¢m kat SbydE&sSkE nkuwweet | temsi |
Sim¢gl asyonda toplam robot k¢gtl esi 3 kg, etki
N/ m ol arak al énméxkteér .

Sistemin mat emati ksel model irekr &nsanfuern nk ook
aktareéel mékteér .

Ge) =~

Val f si st emi i se birinci dereceden sistem ol
G) =

Sistem performanséné artérmak amaceéyla PID

parametrel eri sistem cevabéna g°re ayarl anmeé
Anali zl erde farkle girik sinyallerd:i uygul ane
perfor mansé; sal énem mi ktamrekikars&ml,anl & umeu ra
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gore dejerlendirilmiktir. G°rsel l16de pne°® mat
di agramé belirtilmiktir.

Zemin — Kontrol |—> p — p —> | Gercek

e Or na m™ie o PRI p WG Yorunge
Parazla

L ¢T ¢ Valf Robot Siipiirge

Gorsel 1. PID Kontrolli Pnématik Stspansiyon Sisteminin Simulink Diagram

G°rsel 206de pn°matik s¢spansi yomélui mtooiblomi st ip

1
. Cizelge 4 Amortisor Si st e mi n d eElgdanlat a |
1 1 st Fl ank
3 2 | Koruk Sistemi
3 |Al't Fl ank
4 | Tekerlek
4
G°rsel 2. Ker ¢k Sistemi Tasarémé ve Tem
3. Sim¢glasyon Sonu-1ar e
Bu sim¢glasyon destekl i -al ekxmada ama- |, pne°n
sé¢pérgenin dinami k davranékeé sayeéesal ortamde
edi |l mesi Keklindedir. B u Urgeaip snatemdtiksel miodelk ol a
ol ukturul muk ve farkl é& zemin ve bozucu etken
edi |l miktir. ¢caléxkmada; y¢é¢zey degzensizl ikl eri
pnomatik sispansiyon sistemininb et ki | er e karké g°sterdiji di
Sistem, tek serbestlik dereceli kiflay-s © n ¢ ml ey i c i model i t emel al
Robot s¢peéergenin toplam kegtl esi 3 kg ol arak
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gercek@al ékma kokull aréna wuygun «kKkekilde se-il mi
pn°mati k Kk°r¢jéen - hacmi ve s°n¢gm °zel i ki oe
transfer fonksiyonuna d°n¢gkteer el megkter .

Pn°mati k k°r¢j éen Kinemikdti kd yeéds & uddajnégdar ak

8

Kar=0  —

Ker ¢k hacmi akajédaki denklem ile ifade edil
v=A h

A= —

Model de kull anél an parametreler akaj édaki gi
Kere¢k ye¢ksekliji: h=0.0015m

Ker¢k -ape: d=0.005m
Havab as énc é: P=100000Pa
Polytropic katsayé: n=1.4

El de edil en matemati ksel mo d el MATLAB ortame
farkl é girik sinyaller:i alténda incelenmi«kt
s¢Spansiyon sagabemmainharekeki mararl él éj e ve
Sé¢péerge performanséna ol uml u kat ke sajl adeée]j

cretiminden °nce sistem davranékeénén °ng°r ¢
avantaj elde edimedhnedef | enmi Kt i r . ¢izelge 506te grafi

belirtil miktir.

Pn°mati k s¢spansiyonlu robot s¢peéergenin anal

Cizelge 5. PID Kazan¢ Parametreleri

Grafikler Kp Ki Kq
a) 7000 800 5

Gorsel 3.
b) 3500 800 5
a) 6000 100 5

Gorsel 4.
b) 6000 500 5
a) 11000 500 5

Gorsel 5.
b) 6000 200 5
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TVVVVVV VYV VVVYVVY

0 10 20 30 40 50 60 70 80 90 100
Mekanik Sistem s | Sonu;:l

b) [ ' ! 5 ‘ ! '
x |
0.5 T |
W W s B oW W R
G°rsel 3. Kontrol Sistemin Farklé& Yol Peér é
(a) Optimum kazang parametre
(b) Optimum olmayan kazang parametre
a) grafijinin sistem -ékékénén girik sinyal:.
¢tekék sinyalinin genlif7Ji girik sinyaline old
durum, sistemind ¢ K ¢ k frekansl & veya wuygun -al ékma Kk
sergiledijini g°stermektedir. Ayreéeca sinyal

pn°mati k s¢spansiyon sisteminin titrdaximlerd:i

kontroll ¢ bi-imde takip ettijini ortaya koy
fiziksel sistemlerde dojal olarak olukan at a
b) grafijinde ise sistem -ékémengpcgkmesi spgh
go°r ¢l mektedir. ¥zelli kle sinyal tepe noktal e
takip et tij]i di kkat -ekmektedir. Bunun yan
ol uKkmuktur . Bu dur um, fi sstiesm efmr epkaarnasnéentérne | a&mr

sonucunda s¢spansiyon sisteminin dinamik kap
girick sinyaline tam ol ar ak uyum sajl ayaman

s°n¢egml eme perfor maeineldadien azal dejéné i fade
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Her i ki grafik birlikte dejerlendirildijinde
titrekiml erde daha bakareéel é performans g°st.

takip hataséenén artt ej & nseoknaunci ukn as iusltaeknel |lemmai knt a

°czelli kleri il e uyumludur. ¥zellikle y¢ksek
(lowpass filter) karakteristiiji sergiledifji s
titrekimleri dlishiéertamedojgi uli uklsantyaki p edem
a) |
0_5_.. - — . = - - — 1 N e | - . - - - - §  W— . . | -
0
0.5
-1 ' I
| | |
0 10 20 30 40 50 60 70 80 90 100
Mekanik Si: o | Sonug¢
b T T T T
) | | |
0.5
0
0.5 — f] —
-1 |
| I‘ 1
0 10 20 30 40 50 60 70 80 90 100
| Mekanik Sistem istenen Sonu9|
G°rsel 4. Pn°matik S¢gspansiyon Sisteminin Ani

(a) Optimum kazang¢ parametre

(b) Optimum olmayan kazang¢ parametre

a) grafijinegisriisktienmi nbeléikrélkiée,6 bir geci kme il

¥zelli kle sinyalin ani ge-i kK yaptejeée b°l gel
sergilediJi di kkat -ekmektedir. Bu dur um, S
vermek yerine $n ¢ ml eme et ki si olukturdujunu g°ster
mekani k sisteminin -ékékta yuvarl akl akmaseé@,
bil ekenl er i bastéerdéjéné ve sistemin d¢gkek
koymaktadeéer . Ayréca -éeékék sinyalinin karar]lé
altenda tutabildijini g°stermektedir.

99



BURSAI NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys ,3 ZBPRSA
I SBN Q8 RB82-87 251

b) grafijinde ise sistem -ékeéekéneén girik sin
sinyalindeki gecikmeniraz al déj e ve ge-ik b°lgelerinde d
-ekmektedir. Bununla birlikte bazé Db°l gelerd
go°r ¢l mektedir. Bu durum sistemin daha hézl é
miktaraa | déj éné g°stermektedir. ¥zellikle tepe

di nami k cevabéenén hézlandejéene fakat kontrol

Her ki grafi k birlikte dejerlendieiddhai ji nd
s°n¢gml ¢ bir davranéek sergiledifji, I Ki nci dur
dinami k cevap olukturduju g°r¢l mektedir. Bu

parametre dejikimlerine bajlré gdlsareakebfiddkl &

koymaktadeér . Robot sé¢pérge uygul amal ar énda
sajl ar ken, i kKi nci yape engel ge-i kKl erine
sajlayabil mektedir.

a) ' l [

AMARAN

TYNNVYYNYNYYNYN VNN NN

0 10 20 30 40 50 60 70 80 90 100
|—Mekanlk Si: — | Sonup—l

b) ]
\ \‘\\\’\b\ \\'}\\\\
AAVAVAVAVATRTAY VL
O

Cevapl arénén Karkeéel aktérel maseée |,

(a) Optimum kazang¢ parametre

(b) Optimum olmayan kazan¢ parametre
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a) grafijine g°re sistem -éekeéewandar igigroirk, | aner
¢tekexk sinyalinde d¢ K¢k seviyede faz far ké
Korunmuxktur. Bu durum, sistemin dinamik ol ar
giri Kk kokull aréna etkint «rerke Ktded iury.u mAysragd ays
d¢zg¢n ve kararl e yapeda ol maseée, titrekim s?©
ortaya koymaktadeéer.
b) grafijinde ise sistem -ékékeéenén girik si
azal masé g°sterdifiji gzl emlenmi ktir. ¥zel |l ik
olarak uyum sajlayamadéje dikkat -ekmektedi
altenda girik dejikimlerini taklip.etAme égar 5o
yé¢ksek frekansl @& bilekenleri baskeéel adéejé ve
Her ki grafik Dbirlikte dejerlendirildijind
sinyalini daha bakagrérl¢el mekketdde. t Akcpk et al
zorl akmaséyla birlikte -ékék sinyalinde faz
El de edilen sonu-1ar, sistem parametrelerini
ol dujunu ve ségqngandgiitarekyapézal tma il e hare
kat ke sajladéjéené g°stermektedir. ¢izelge 660
g°re karkélaktéreél masé detayl andér él méxter .
¢izelge 6. Sistemsel Karkéel aktérma Tabl osu
. Sistem Genlik Dinamik Genel
Grafikler Faz
Davr a Durumu Performans| Yorum
Giri Sistem
. . de¢Ké
sinyalini
freka
bakar ) ) Kar ar .
a) ) D¢Ke|lKorunm |t trex
Kekil dengeli
- bakar
takip
. performans
et mi K o
Gorsel 3 g°ster
Yuksek
teke Taki frekans
sinyalinde Orta Kés me P etkisiyle
b) : : perfon .
gecikme | seviyede| az al m dKkms filtreleme
ol ukmi ¢ “ davr a
ol uxk my
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Ani
Ge -1k o Yiksek | 4 €11 K
a) yumukg D¢ K¢ Karar| . . kontroll{
- sbénimleme :
Kter Kekil
basteér
Gorsel 4
Sistem tepki
Daha D ksl Ko - 5 K Hezl é| héze
b) tepki ¢ Mo e c daha agresi| ancak kiick
Orta ol uk mu
ol uk mi cevap overshoot
g%zl en
Girick S'Sﬁe”f'
dej ik
bakar Stabil i T
a) Kekill D¢Keée|Korunm _ 9
: -al ek kokul |
takip avum
edi | m ¥
sajl a
Gorsel 5
Yuksek
.¢e.ke Dinamik dlnamlkyEJk
sinyalinde - Azalma al t ern
b) : Belirgin performans| _.
gecikme g°zl en filtreleme
azal m .
ol uk mi etkisi
art me
Pnomatiks ¢ spansi yon sisteminin d¢gkeegk frekansl
sinyalini yé¢ksek dojrulukla takip ettii]i
birlikte sistem -ékékénda faz gedikprsmeydan
gel miktir. ¥zellikle ani dejikimlerin
daha kararl e bir davranék sergiledif]Ji
sisteminin robot sg¢pdéragelkertdek atriatrrl eed iem éa zaa lét
sundujunu g°stermektedir
4 . Tartékma Ve Sonu-
Bu -al ekmada, pn°mati k s¢spansiyon si
MATLAB ortaméenda model | enmi K vepefrarokinmans &
i ncelenmi kKtir. El de edilen sonu-1I|ar,
seviyelerini azaltmada ve hareket
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Anal izl er sonucunda sistemin zadgk akhmarlear @rat ¢
hareketlerini y¢ksek dojrulukla takip ettiiji
Kekil de s°n¢gmledi i belirlenmiktir. Ani dej i
darbe etkilerini azaltarak daha kontrolbii r tepki ol ukturduju g°zl
birli kte, dinami k y¢klerin ve dejikim hézéné
ve genli k kaybé meydana geldiji tespit edilm

basteéram dadjlalred eme karakteristijine sahip

Literategr incelendijinde robot sé¢péergeler

harital ama, navigasyon, rota planlama ve sSe
gorulmektedir. Stspani yon si steml er.i czerine ger-eklext
robotl ar é, mobi-bacalblogd lmob wvte plektefrdrerkl ar e ¢z
kar Kén, pn°mati k s¢spansiyon sistemlerinin

ol arak modell enmesi ve dinamik performansl ar
y°nel ik -al ékmal ar én sénérl é ol duju gor ¢lm
gideril mesine katké sajl ayarak r obodnansik,p¢r ge
etkilerini ortaya koymuxktur.

PI' D kontrol parametrelerinin sistem perfor ma
uygun kontrol kazan-1laré kullanéel déejénda tak

artteje gere¢éellimktglrekmManclakk dlalr&kr enda si st em
kontr ol parametresi setinin t¢gm durumlar i -

Kkoymuxktur .

Sonu¢ olarak, pndmatik stispansiyonlu robot supirge sisteminin yizey dizensizliklerinden

kaynaklam n t i tr eki ml er i azaltarak hareket kar ar
artérdéjée belirlenmiktir. Elde edilen bul gul
uygul amal aréenda uygulanabilir wemgltieédcitiri Ay
-al ékma, robot sé¢peéergel erde pn°mati k s¢gspan
edi Il mesine y°nelik I|iterate¢rdeki sénéerl é& sa
ger-eklektirilecek deneylomrblyoddtenjleri velséaspaasiyena | & Kk n
par ametr e optimizasyonu il e si stem perfo
dejerlendiril mektedir.
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FOTOVOLTAKK SKSTEMLERDE YANGI N RKSKLERKNKN |
ANALKZK (FMEA) KLE DEJERLENDKRKLMESK VE DO
¥NLEME YAKLAKI MLARI

MKRAC HAVUK
Karabuk Universitesi, mirachavus@gmail.cdd0093-000326155625
Prof . Dr , KLHAN CE
Karabuik Universitesi, ilhanceylan@karabuk.edi@003000261282318

OZET

Fotovoltaik (FV) sistemler, k¢resel °1 -ekte
elektrik Gretiminde énemli bir yerdei n mi K ; buna paral el ol arak i
riski kritik araktérma konularé holine gel mi
sahip olsa da dojru tasarl anmayan, uygun Kek
ger - ekmegremni rsilsteml erde meydana gel en el ek
ol abil mektedir. Bu -al ékmada fotovoltaik S|
mekani zmal aré kapsamleé bir Iliterat¢gr taramas
(FMEA) vy°nt emi kull anél arak dejerlendirilmickt
bozul mal aré, kabl o yalétém hasarl ar é&, i nvert
akeéerée ésénmaya neden ol an dijdam @ Ilneletl reinkns eIt i
¥nceli k Sayél ar é -RPRNi)s kh eRraipd raintay aMurkbbert i k ar
donanémsal yangén °nleme vyakl akémlarénén et
T¢e¢rkiye' de 1kl et mede obvwllumark wsema kel b @&jridaen tg&
faaliyetl eri ve termografik incelemel erden
karkeél akt éréel méekteér . Elde edilen sonu-1ar,
probl eml er i me bkabllmal paleata en y ¢ ksek yar
mekani zmal aré ol dujunu g°stermektedir. Bunun
Akéré Gerilim Koruma Cihazlare (SPD), t er mo
uygul amal arlkineinn yanglétnélrmasénda °neml . rol o
fotovoltaik sistemlerin g¢venli tasar émée, 11K
uygul amal aréna katké sajlamasé hedefl enmekt e
Anahtar Kelimeler: Fotovoltaik Sistemler Yangén Ri ski , FMEA, DC Ar
¥nl eyici Bakém.
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EVALUATION of FIRE RISKS in PHOTOVOLTAIC SYSTEMS USING FAILURE
MODE AND EFFECTS ANALYSIS (FMEA) AND HARDWARE -BASED FIRE
PREVENTION APPROACHES
MKRAC HAVUK
Karabuk University, mirachavus@mil.com 0009000326155625
Prof . Dr , KLHAN CE
Karabuk University, ilhanceylan@karabuk.edudn00-000261282318

ABSTRACT

The rapid expansion of photovoltaic (PV) systems worldwide has significantly increased the
importance of operational safetgdhfire risk assessment. Although PV systems are generally
considered highly reliable, electrical failures resulting from improper design, installation, or
insufficient maintenance may lead to severe fire incidents. This study investigates the primary
fire-related failure mechanisms in photovoltaic systems through a comprehensive literature
review, field observations, and Failure Mode and Effects Analysis (FMEA). Critical failure
modes, including DC series arc faults, connector degradation, cable insidétiaas, inverter

related malfunctions, junction box defects, and other overhealatgd electrical faults, were
evaluated using Risk Priority Numbers (RPNs). Furthermore, practical engineering
observations obtained from maintenance activities an@red thermographic inspections
conducted at utiliyscale photovoltaic power plants in Turkiye were compared with findings
reported in the literature. The results indicate that DC series arc faults, comeéitt contact
degradation, and cable insudat failures represent the most critical fire hazards in photovoltaic
systems. In addition, the implementation of Arc Fault Circuit Interrupters (AFCIs), Surge
Protective Devices (SPDs), infrared thermographic inspections, and preventive maintenance
stratgies was found to significantly improve fire prevention and operational safety. The
findings of this study provide practical engineering recommendations for improving the design,
operation, and maintenance of photovoltaic systems while reducirgtited risks.

Keywords: Photovoltaic systems, Fire Risk, FMEA, DC Arc Fault, Thermography, Preventive
Maintenance.
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1. GKRKKk

Son yeéllarda artan enerji talebi, fosil yake
Ikl im dejikikliji ile m¢gcadele kapsaménda ye
héz kazanmékteéer . Bu d°n¢kegmesermodpder fpapel
I Kl etme maliyetl eri ve teknolojik gelikmele
elektrik ¢gretim teknolojilerinden biri ho©l in

Fotovoltaik sistemlerin ydygédnljakmaseexlIl &t bner

°neml i h©l e gel mi ktir. Genel ol arak y¢ksek
hat al aré, montaj kusurl aré, mal zeme yakl anma
sonucunda ol ukarn, efloetkotvrolktsaeilk asriésztadnal er de vy a
[ 2] . ¥zelli kle dojru akem (DC) tarafénda mey
farkl é& davranék g°stermeleri nedeniyle daha

Fotovoltaik sistenrd r de meydana gelen yangeénl areén bg¢yeé

konnekt©°r bozul mal aré, kablo yaléetéem hasarl a
el ektri ksel arézalar i1ile ilikkilendirriglemekt e
noktaseéneén bul unmamaseé, olukan el ektrik ar k
sécakl ekl ara ul akmaséna neden ol maktadeéer. Bu
dijer sistem bilekenl eri czerindexkumauydiana

tetikleyebilmektedir [6].

Literatg¢rde fotovoltaik sistem yangénl ar éné
ger - ek i Kl et me kokul |l arénda el de edil en S ¢
dejerl endirme y°nt emnll erkimall earbisréelniektl & deelre [ 4dl] a

Yangén risklerinin sistematik ol ar ak dej e
yontemlerden biri Hata Turu ve Etki Analizi (Failure Mode and Effects Analy$SMEA)

y°ntemidir. FMEA, aasélzé &,;, rdtekii nkii dod eutkimav eo It €
g°re dejerlendirerek risk ©°nceliklerini bel
sayesinde kritik aréza mekanizmal aré belirl:

onceliklerine gre planlanabilmektedir.

Bu -al ékmada fotovoltaik sistemlerde yangéna
kapsaml é bir ' i terat¢¢r taramasé, T¢rkiyedde
santrallerden elde edilen saha go6zlemleri FeME A y°nt emi birlikte
dejerlendirilmicktir. ¢al ékma kapsaménda DC
yal éetém hasarl aré, inverter i- arézalaré, ba
spot ol ukumuw ag imeik aki ztmiak aaeé Ri sk ¥nceli k Sa
RPN) yakl akémeé il e anal i z edi | mi ktir. Ayr é
donanémsal yangén °nl eme yakl akémlareée m¢ghen
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yakl akémdel bi édatr gl en yangén mekani zmal ar é

geliktirilmiktir [1], [3].

Bu -al eékmaneén °©zge¢n y°nyg, Il iteratg¢rde taneée
gzl eml eri il e destekl eyer ek dik MEWe sti a Bamlima sLi
edil en bul gul ar dojrultusunda uygul anabil i
gel i kKtirmesidir.

2. FOTOVOLTAKK SKSTEMLERDE YANGI N RKSKLERK

Fotovoltaik sistemlerde meydana gelen yangé

icen si nde geliken elektriksel ve mekani k kus.t
Mod¢l | er DC bajlanteéel ar é, kabl o sistemleri,
bil ekenlerinde meydana gel en abraékzlaa naars, € nuay gnue
ol abil mektedir. Literatg¢grde bildirilen yang
tarafénda geliken areézalarén sistem g¢venldi

gorulmektedir [1], [4].

Bubdlimded ot ovol tai k sistemlerde en sék kar kél ack

ve yangén olukumuna katkeé sajlayan temel aré
21.DC Seri Ark Hatal ar é

Fotovoltaik sistemlerde en y¢ksek myaibGen r i s

seri ark hatalaréedér. Alternatif akém sistenmn
séfér ge-ikK noktasé Dbulunmadéjéndan ol ukan
sure devam edebilmektedir. Bu durum ark bolgesinde cokeykkks s @ ca k|l @kl ar én
neden ol makta ve -evrede bulunan yanécé mal :
[6], [10].

DC seri arklare -ojunlukla gevkek elektrik
zorlanmalar veya zamanla arthtne mas di r enci sonucunda ol ukm;
yé¢ksel mesiyle birlikte olukan Joule éséseée |
ol makt a, il erl eyen s¢re-te i se ark ol ukumu |

bajl ant et kwdlitteisk ,sifot eml erde yangén g¢venl i
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2. DC TOPLAMA KUTUSU 3. EYLEYICI KORUMA 7. SEBEKE BAGLANT!
I 3 P s
1. FV MODUL DIZILER! (STRING COMBINER) VE IZLEME 4. INVERTER 5. AC DAGITIM PANOSU 6. TRAFO NOKTAS!
.

.
\———— DCAVRIC o]
o —
A .. —_—
&
D
(5) ocsicorTA Das
nn >
A\
v
(©)+ ArcHATA
ALGILAMA I I
|
JENE - ® |
|
I
. 1
KRITIK YANGIN RISK NOKTALARI
DC KABLO VE DC TOPLAMA DC SPD DC AYIRICI DC SIGORTA ARK HATA @ INVERTER AC DAGITIM TRAFO SEBEKE
@ KONNEKTORLER ® KUTUSU ©) ® (SALTER) ® ® ALGILAMA (54 CONUSTURUCO) ® PANOSU O ® BAGLANTI
(MODUL TARAFI) BAGLANTILARI NOKTASI
n m }
V4 1A A e & n
‘ e '@ My
' Siks g A |
,)é/ BIALA! rvL; ¥ ?Lf. Y U NE
vw - — ==
+ Gevgek baglant: Gevgek vida * Yiksek gerilim stresi * Kontak aginmast . * Ng: ¥ i « ¢ bilesen anzast * Gevgek baglants « Agin yiklenme + Kisa devre
« Oksidasyon + Yetersiz sikma « SPD anzasi + Gevgek baglant: « Gevgek baglant « Yanhs ayar « Agin sicaklik « Agin yok « Yaltim anzas: « Agin akim
« Aginisinma + Temas direnci artigt + Termal kagak « Ark olugumu + Agn soma « Devre digs kalma « Fan anzass « Yaltim zayfiy « Termal stres « Yaltim anzas:
LEJAND KISALTMALAR
oC(+) Potansiyel ark / agin isinma bolgesi OC  :DogruAkim
— D) AC  :Alternatif Akim
AC(ULL2,19) A eeiseenite SPD  : Surge Protection Device (Agin Gerilim Koruyucu)
PE  :Protective Earth (K Toprakl
AC(N) oL Taprikdaas sl rotective Earth (Koruyucu Topraklama)
—-———~ PE (Topraklama) -

Sebeke baglantili fotovoltaik santral yapisi ve kritik yangin risk noktalar1.

Gorsell.Fot ovol tai k sistemlerde yangén ol ukumuna ned

22Konnekt°r Kaynakl e Areézal ar
Konnektorler, fotovoltaiks i st eml er de el ektriksel s¢rekl il
cstl enen bilekenlerdir Ancak farkle ¢retici
eksi k kilitleme, yetersiz sékma tor kaklvek - ev
yé¢ksel mel erine neden ol abil mektedir Bu S € (
def ormasyon, ark olukumu ve yangén riski il e
Saha incelemeleri ve Iliterate¢gr bul gulanré, fo
bajl antée el emanl arénda meydana gelen el ektri
Artan temas direnci °zelli kle MC4 konnekt©°r|
yéksel mesine neden ol makt a, zamandwamuwpal et
teti kleyebil mektedir Sonu- ol ar ak sertifi

talimatl aréna uyul maseée °nem takémaktad

beyék
O OYoééé..ééééééééééééééééééééééééééééé(1l)
Burada;
Q:Ol ukan ésé enerjisi

(J)
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LKl et kenden )ge-en akém (A
R:Temas direnci (q)

ttAKkémén ge-i K S¢resi (s)

Ekitlik (1)"den g°re¢ldejé é¢zere, ©°zellikle t
ile dojru orantélé olarak olukan é&sé ener |
dojrul tudyaa geewwknmneskuzvekonnekt©°r bajlanteéel ar é,
ar k ol ukumu vV e yangeén gel i Ki mi a-eéeseéndan
dejerlendiril mektedir [ 5]

23Kabl o Yal étém Hasarl ar é

Kabl o yal ét @émé, dlodlotvroil Kk sae lk odwdrelmljeir deaj | ay:
Uzun s¢re ultraviyole ékénéména maruz kal ma
kemi rgen hasarl aré ve yanl ék kabl o g¢zer godhe

neden olabilmek e d i r . Kzol asyon direncindeki azal ma
kokull ar altenda elektrik arkénén meydana ge
D¢zenl i i zol asyon direnci °l -¢ml eri, g°rsel
dejiktirilmkesnipangaht @€l masénda b¢yéek °nem t

24Knverter Kaynakl & Arézal ar

Knverterler, fotovoltaik sistemlerde enerji
eki pmanl aréder. K- yapélarénda bul atnlerme y ar é
manyeti k bilexkxenler -aléxkma sérasénda °nemli
fan areéezal ar e, akéré ortam sécakl é&jée veya e
sécakl ek artéekéna neden ol abil mektedir [2],
Modern inverterlerde sécakl é&k izl eme algoriti
bil ekenlerin termal zorl anmasé yangén ol asél

25Bajl anté KuBpbar &l uveuhot

Bajl antée kutulare (Junctio@ak Bba)l arbty@lasrsé ndér
kritik bilekenlerdir. Lehim bajlanteéel areénda
gevkeyen bajlanteéel ar bu b°l gel erde akKkeéeré seé

Kekil de g°l gelenme, sh¢digodat haklkzal aspate ganhbiy
b°l gel er i panel y¢szpeoyti)n doel uskéucnaukn an oykotla a(-haorta k
t er mal bozul mayé hezl andérmaktadeéer [ 3].
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Bu t¢r arézalaréen erken belirl e rthileksstirimde Kk é z €
bakém y°ntemlerinden biridir

DC SERI ARK OLUSUM MEKANIZMASI

(@ ARK OLUSUMU () ASIRI ISINMA VE (© YANICI MALZEMENIN
(> 1000 °C) iZOLASYON HASARI TUTUSMASI

(1) GEVSEK BAGLANTI (2 TEMAS DIRENCI
(BASLANGIC) ARTISI

+ - + - + -
\ H f ‘
|
R, g
‘ —Wy—= P=ixR,
Temas yiizeyinde oksidasyon Alum gegigi swasinda temas Temas noktast syniirken Eriyen izolasyon damlaciklar:
Vibeasyor serind! genlegrnay ve mikroskobik bogluklar noktasinda Joule isinmasi yiiksek elektrik alan ve yiksek sicaklik etkisiyle
hatah montaj veya yaglanma ki tacias e ) meydana gelir ve sicaklik nedeniyle iyonizasyon olur yakin gevredeki yanici
nedeniyle baglant gevser. artar. hizla yiikselir | ve DC elektrik arki olugur. malzemeler tutusur.
‘ | [ (>1000°C) ‘ ‘
DC SERI ARKLARININ ﬁ
| | TIPiK GORULDUGD
NOKTALAR - 4
Modiil - modil String paralel baglantilar DC uzatma kablo DC toplama kutusu inverter DC giris DC sigorta |
konnektdr baglantilar (Y konnektarler) baglantilar (Combiner Box) giris/gikistan terminalleri tagiyicilan
—
ETKILEYEN FAKTORLER ARK OZELLIKLERI (DC) ONLEME STRATEJILERI

@ Dogru krimpleme ve tork kontrolli montaj
@ Periyodik termal gériintileme ve kontroller
@ Kaliteli konnektsr ve kablo kullanimi

(@ DC ark algilama cihazlari (AFCI)

@ Diizenli bakim ve temizlik
DC seri ark gorinima AFCI 8rmek cihaz:

sl + Dogal sifir gegis yoktur.
& ',Q\' 0 ((( '))) @ x + Ark uzun siire devam eder.

« Yiiksek sicaklik: 1000 - 3000 °C

| | Yiiksek ortam uw Nem ve Mekanik Yaglanma Hatal montaj

P P + Enerji yogunlugu yiksektir,
| skl radyasyonu  korozyon titregim ve bakim eksikligi

Fotovoltaik sistemlerde DC seri ark olusum mekanizmasi ve yangin gelisim siireci.

Gorsel2.DC s er i ark olukum mekani zmasé

Fotovoltaik sistemlerde yangéna neden ol an
ortaya koymakt adeérs.onBuwurka &jll¢sémdel arMEKA byi°rnt e
konusu aréza mekani zmal aré sistemati k ol ar ak

3. MATERYAL VE YONTEM
Bu -alékmada fotovoltaik sistemlerde yangeén
amaceyl a alriatmarsaét,¢rsaha gzl eml eri ve Hata Tg

Effects Analysi§s FMEA) y°ntemi birlikte kull anél méktér
36te verilmixktir
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artigi ve etkileri oL makaleler,

« Elektriksel anzalarin yangina ve teknik raporlar incelendi.
neden olan temel riskler olmasi + Yangin nedenleri, ariza
ve koruma

ybntemleri belirlendi.

« Amag: Kritik anza
belirlemek, riskleri FMEA ile

degerlendirmek ve donanimsal
o6nleme yaklagimlarini

« Temel kaynaklar:
[1]-[el. [8]-[12)

« Tarkiye'de |
sebeke baglantili FV

bakim

« Termal gorintiler, anza kayitlar,

bakim
toplane

« Gergek ariza drnekleri ve

olan « Literatilr ve saha verileri birlikte
deger kritik anza

mekanizmalan belirlendi.

ve denetimler yapild.

« Toplam 7 ana ariza mekanizmasi
raporlar ve saha notlar tanimland.

di.
= Her mekanizma igin ariza tanimi

ve etkileri gikarildi.

ON ENGI NEERI NG a

PROBLEM TANIMI © LITERATUR TARAMASI © saHaGOZLEMLERI @ KRITIK ARIZA MEKANIZMALARININ (5) FMEA UYGULAMASI
VE AMAG VE VERI TOPLAMA BELIRLENMESI Bt
[ o|s|bp
\ Mekanizmasi
l‘&. N, /AN -

+ O (Olugma), S (Siddet), D (Tespit
Edilebilirlik) puanlar 1-10 araliginda
degerlendirildi [8].

« Risk Oncelik Sayisi (RPN) hesaplandi.

RPN=0xSxD ]

ortaya koymak tecriibeler sistematik hale getirildi. ‘
0 RiSK ANALIZI VE GNCELIKLENDIRME
o DONANIMSAL YANGIN ONLEME YAKLASIMLARININ BELIRLENMESI
+ RPN degerlerine gore ariza mekanizmalan
DC Ark Algilama Konnektdrve Kablo ~ DC SPD Kullanimi  Dogru Tasanmve  Termal izleme ve Ekipman ve Yalitim ve Yangina yilksek, orta ve disiik risk seviyelerine
(AFCI) Kalitesinin Artinimast Kablo Yénetimi Bakim Malzeme Uyumu  Dayaniklilik Gnlemleri ayidh,
»{ [ Ty ) — « Kritik (yiiksek riskli) mekanizmalar belirlendi.
Eaes
P/ N _o e, .
/ g SREEE O
b | ’
ETE' N ‘ 5 s ." Orta Risk
| g il [} @ Disik Risk
+ Her bir igin uygun snleme i literatiir ve saha bulgulanina dayali olarak belirlendi [ 1 IR
| 1 5 10

i ] OLU$MA (0)

o o e e e e e i e i el e s e s e e v

' . v v

/ SONUGLARIN DEGERLENDIRILMESI| TARTISMA | TAVSIVELER VE GELECEK GALISMALAR CIKTI
v D 4_ + Kritik anza mekanizmalar listesi
+ FMEA sonuglan tablo ve grafiklerle o == | * Literatiir bulgular: ve saha deneyimleri « Fotovoltaik sistemlerin givenli tasarimi, v « RPN tablosu ve risk dncelikleri
analiz edildi. Y| rarsiastnia. isletmesi ve bakimi igin &neriler sunuldu. = a « Donemmsal Snleme Snerleri
« En kritik ariza mekanizmalan ve + Risklerin azaltimasina ybnelik dnerilerin « lleride yapilabilecek caligmalar Gnerildi. + Uygulanabilir mihendislik kilavuzu
risk surlicileri ortaya konuldu. etkinligi degerlendirildi. ‘ « Yangin risk degerlendirme gercevesi
Calismanin metodolojik akis semasi.

Arakt ér manen

bili msel

i1k
yayénl ar ,

k si s
stand:

t ai
vV e

fotovol
raporl ar

akamaseénda
tekni k

Springer ve MDPI veri tabandérreaénldaC,y ayERA anla
vV e NREL taraf éndan yayéeml anan dok¢manl ar (
sonucunda yangeén ol ukumunda et ki I ol duj u
belirlenmicktir

Kkinci akamada

T¢e¢rkiyeoddag | ant €l me dfeot bwlol h &

ger-eklexktirilen bakéem faaliyetlerinden eld
kayetlaré, termografi k incelemeler, g°rsel k
l'iterat¢rde takma&mil amalnaraérnéézna gner - e k i Kl et me
i ncelenmiktir

Literatg¢r ve saha bulgularénén birlikte dej e
mekani zmal ar é& analiz kapsaména al énméexteér

A DC seri ark hatalareée,

A Konnekt®°r ,bozul mal ar é

A Kabl o yaléetém hasarl ar é,

A Knverter i- arézalareé,

A Junction Box arézal ar é
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A Bypass diyot arézal ar e,

A Hots pot ol ukumu,
Belirlenen aréza mekani zmal ar e, FMEA v°ntemi
o), Et ki K i 1&)d et Tespit EdBebilrli r(Detectiori D) kriterl erdi a
dejerlendiril miktir. Her bir kriter 1 ile 1
|l iterat¢rde bildirilen aréza seékl ekl ar e, sah

di kkatet ad énmé

Cizelge .LF MEA Dejerl endirme ¥I -eJi

Puan Ol ukma Ol alEt ki ki dd e| Tespit Edilebilirlik (D)

12 ¢ok d¢k¢k | Onemsiz Cok kolay

3i4 D¢ K¢k D¢ K¢k Kolay

516 Orta Orta Orta

78 Yiksek Yuksek Zor

9i 10 Cokyuksek Cok ciddi Cok zor
YOO O'YaBCE é é ééééééééééééééeéeeéeeéee. . ¢éeéeéée. (2)
BuradaOo | uk ma oSeaské| &pedades,ttiensgpi t edil ebilirlifji
Hesapl anan RPN dejerl eri ¢izelge 206de verile

Cizelge2. Ri sk ¥ncelik Sayésé (RPN) Sénéflandéer mase

RPN Ar al ] & | Risk Seviyesi Muhendislik Y&k | a k &

17 100 D¢ K¢k Rutin izleme

1017 200 Orta ¥nl eyici b ak

201 400 Yiksek D¢gzeltici b a

FMEA dejerlendirmeleri sonucunda el de edil en
yangeén a-éseéendan kri bieki ralre@mrzme smenkdaen i kzunlall am &
bul gul ar saha g°zlemleri il e karkel akteéer él &
et kinlifJi dejerlendirilmiktir.

4. BULGULAR VE TARTI kMA

41.FMEA Sonu-I|l aréenén Dejerlendiril mesi
Fotovoltai k solsdareurhenma engdaeanmgénl an sekiz teme
y°nt emi kull anél arak dejerlendirilmik ve hel
hesapl anméxkt ér . El de edilen sonu-Ilar ¢izel ge
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Cizelge3.Fot ovol t ai k Si stemlerde Yangén Risklerine Ai

Aréza T¢r ¢ |O|S |[D |RPN Risk Seviyesi | Onerilen Onlem
DC Seri Arl8|10|7 |560 Kritik AFCI ve termografik izleme
Konnekt©or 819 |7 504 Kritik Sertifikale K

kontroli
Kabl o Yal ét7 |9 |7 |441 Kritik Kzol asyon t e

yenileme
Knverter K{6|9 |6 |324 Yuksek Termal izleme ve periyodi

bakeéem
Junction B(6|8 |6 |288 Yuksek Termografik kontrol
Bypass Diy¢5|7 |5 |175 Orta Arézal e modg¢l
HotSpot Ol uk6 |6 |4 |144 Orta Termal kamera kontrolleri
SPD Arézas¢(5|7 |4 |140 Orta Periyodik SPD testi
Not: O, S ve D puanl ar e; l'iterat¢grde bildirile
g°zl emleri ve yazarlaréen fotovoltaik sisteml
belirlenmiktir [8].
¢i zel ge 3 incel ehnadtiglianrdeen & nDQ RsPeN=i56a0r)k en vy ¢Kk
sahip olduju g°r¢l mektedir. Bu dur um, dojrt
noktasénén bulunmamasé nedeniyle uzun s¢re d
-evresindekimeyamécd umalkz ur abi |l mesi Il e a-ék
-al ékmal ar da DC seri ark hatalaréenén fotov
biri ol dujunu ortaya koymaktader [ 1], [ 2],
koruma sistemlerinin kull anél maseéeé, yangeén ri
m¢hendi sl i k uygul amal aréndan biri ol arak dej
Kkinci en y¢ksek risk ©°nceli k sayésé konne
bajl ant él amekuyYyum«kwad | ke mé ve hatalé mont aj
direnci, Joule ésénmaséna bajlée ter mal y ¢k
ol ukumunu teti kleyebil mektedir. ¢al ékma kaps
arézazmalka&amién yalnézca teorik bir risk ol mad
bir yangén tehlikesi olukturdujunu dojrul ama
Kabl o yal étém hasarl aré (RPN=441) ise kritik
et kil er, éunlémeéavimeol eniékk zor | anmal ar ve yackl
ka-ak akémlarén olukmaséna, elektriksel gg¢ve
neden ol maktadér. B°ylece d¢gzenl i i zol asyon
bakém uygul amal aré °nl eyici bakém stratejile
Knverter - arézalaré (RPN=324) ve bajlanteé
dejerlendirilmiktir. G¢- el ekltromnrljanrhal a&rk,e n:
si st emi performanséndaki azal mal ar ve bajl a
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neden ol arak ter mal hasar ol ukumuna neden o
a-eédan 1zl enmesi ve bajadkaontrad edikmesi biyia iriem é n  p «
takémaktadeéer .

Buna karkél ék bypass dpypotobuesaual( PNRRHN4]) 7
(RPN=140) orta risk seviyesinde dejerlendir]i
kaynajé ol ukét udantaa od axs&l eéol makl a birlikte,
durumunda dijer areéza mekani zmal ar éneé t et
etkileyebilmektedir.

FMEA sonu-1laré genel ol arak dejerlendirildi
cunirk r i t i k ri sk séenéefénda yer aldejée ve bunun
belirlenmiktir. Kritik ve y¢ksek risk grubun
bu oran %62,5" e ul akmakt adé&ra.ngEBwn durskm,nifno tax
y°nel ik bakéem ve koruma faaliyetlerinin b ¢
bozul mal ar é kabl o yaletéem hasarl ar é, I nver

odakl anmasénén sistemelgegvesnadjilijanadlei Paeenjl i nii y

¢izelge 3'te verilen FMEA sonu-1I|ar é, ar éza
dejerl erini ortaya koymaktadeéer. Ancak RPN d
aréza mekani zmalmrédalda yofkinbaxkit®mgeng®°steril
analizi wuygulanméxteéer. Elde edilen sonu-1ar

FMEA sonuglarina goére ariza mekanizmalarinin Pareto degerlendirmesi

TOUO%

94.6% 100
600 -

500 A

B
o
o

w
o
o

Risk Oncelik Sayisi (RPN)
Kimdilatif oran (%)

N
o
o

100 1

DC seri ark Konnektor Kablo yalitim inverter ic Junction box  Bypass diyot Hot-spot SPD
hatasi bozulmasi hasari arizasi arizasl arizasi olusumu arizasl
Ariza mekanizmasi
Goérseld. FMEA sonu-1laréna g°re yangén riski ol uktur an
Gorsel 4 inckeendi ji nde, toplam yangén riskinin bg

mekani zmaséndan kaynakl andéjée g°r ¢l mektedir .

115



BURSAl NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys5,3 2BBRSA
I SBN Q8 RB82-87 251

bozul mal aré ve kablo yalétém hasarl aré, en y
a ézal ar olarak °ne -ékmaktadeéer. Pareto anal |
aréza mekanizmasénéen toplam aréza te¢rleriniot
bul gu, fotovoltaik sistemlerddalkamg&re Kiog ki
faaliyetlerinin °ncelikle bu aréza mekani z ma
i yil ekmel er sajlayacajéné ortaya koymaktader

42Bul gul arén Literatg¢r il e Karkélakteéer el n

¢tal ékmada el de ediltem aFMEA esdmou olvaod & ai Kk si st
y4

kriti k aréeéza mekanizmal aré olarak bildirile
kabl o yal étém hasarlaré ile b¢gyek °1-¢de uyu
(RPN),s6zkonsu ar ézal arén °ncelikli ol arak el e al
Bununla birlikte, bu -al ékma yalnézca | iter:
kal mamék,; T¢rkiye'de i kKl etmede buleldaalilen Kk e b e k
saha g°zl emleri ile FMEA sonu-1laréné birl ik
i Kl et me kokul l aréndaki kar kel é] éneé g°sterm
deneyi mleriyle dest ekl enmi K vedigselri-ke k he gt Bl
uygul anabilirliji ortaya konul muktur.
43Donanémsal Yangén ¥nl eme Yakl akémlar éné
FMEA sonu-1ar é, fotovoltaik sistemlerde yan
sajJl anamayacaj éne ortayias ki Bkar naazkatl atdeélra.b i Y e
eki pmanl ar é, d¢zenld i bakem faaliyetl eri vV e

gerekmektedir.

Bu kapsamda Ark Hata Al gél ama Kesicileri ( AT
sertifi kal & tBrografik meelerketer izolagyanidirenci 6lcimleri ve inverter

sécakl ek i1zl eme sistemlerinin birlikte kul!/
yakl ak éme, kritik arézal arén erken akamada b
onem i °I| -¢,de azaltmaktadér [ 9], [10], [11], [

116



BURSAI NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys,3 2BPRSA
I SBN Q8 RB82-87 251

FV MODOL DIZILERI DC TOPLAMA KUTUSU DC IZOLASYON VE INVERTER 'AC DABITIM PANOSU TRARO SEBEKE BAGLANTI
(STRING COMBINER) KORUMA (DC/AC DONOSTURUCO) NOKTAS!

1. DONANIMSAL ———
KATMANLAR | _' ot
[

Sistem

Bilegenleri

MC4 konnektorier
UV dayanimh kablolar

TEMEL ILKELERI

T Erken algilama
--------------- e - SRS (S, | I . - SC— . |
______________________________________________________________________ F @  walizoasyon
1 1
v ' v ¥ v v v A.  Eneriikesme
Dizi Sevivesl ARK ALGILAMA TERMAL [ZLEME [ZOLASYON iZLEME INVERTER [ZLEME AC PARAMETRE GEVRESEL [ZLEME MERKEZI [ZLEME
2. ALGILAMA VE tneme (arch) lzLeme VE YONETIM SISTEMI A Aevvesikontroia
IZLEME KATMANI VL
5 —— l o @ Sistematik izleme
Erken Uyan ve 2t
izleme Sistemleri
AT T () U S (R (e ) (< e I e, onve Abe, grtin, 05 ot skt s @  covenitasanm
sicakiik izleme ve uyan ‘sicakik takibi ‘siirekii izleme. hata izleme faktéri izleme ve duman algilama SCADKY BuiB
t 4 i | t i t Hloery YOastint
] ! lletigim: RS48S / Ethernet / Modbus / IEC 61850 : ] Kayit ve raporlama
__________ s s e L S L i et b s anzi)
—————————————————————————————————— 17——”—r7—— T )
v v v v v
DC OTOMATIK AFCI ile ARK DC SIGORTA ve ac xslcl Iuvmsn AC/DC GAZLI SONDURME SU SPREY / MIST
3. AKTIF ONLEME AYIRICI Kesici KESICILER AYIRMA SISTEMLERI SISTEMLERI
KATMANI mom jestekler
] ) n b
Hazk Mudahale g o ] TN
L (AN
W v : LEJAND
Kritik hacimlerde otomatik Panel alti ve kablo tineli
am durumus rafing
2 i e e oing “;:’ e ut:e i dell s OGN gazh séndirme (FM-200, iin su spreyi veya mist e ()
string izolasyonu izl kesme. iyucu ag tam izolasyon Novec 1230 vb) s
A Iy ) %
: ! $ ¥ i 4 t e DCHE)
. ] ]
v ¥ v v ¥ ¥ —_— AC(LL2,13)
YANMAZ KABLO VE KABLOLAMA VE TASIMA YANGIN BOLGELEME YANGINA DAYANIMLI YETERLI HAVALANDIRMA ERISIM VE BAKIM P
KONNEKTOR KULLANIMI SISTEMLER| MALZEMELER VE SOBUTMA KOLAYLIGI
””” === PE (Topraklama)
ﬁ X R T——
Halojensiz, alev gociktirici Metal kablo kanallary DCve mierinin Yangina dayanikh duvar 131 birikimini igin azenti igin glventi ~ == Kontrol / Komut
kablo ve konektorler ve koruyucu borular fiziksel olarak aynimas: ve panel uygulamalar havalandirma tasanmi erisim ve etiketleme

Fotovoltaik sistemler i¢in 6nerilen donamimsal yangin énleme mimarisi.

Gorsels.Fot ovol tai k sistemler i -in °nerilen donanéms

5. SAHA BULGULARI VE M! HENDKSLKK DEJERLENDKRMI

51.Saha Bul gul arénén Dejerlendiril mesi

Fotovoltaik sistemlerde meydana gelen bir-ok
dojrudan et kil emedijinden yalnézca i nvert
edi |l ememektedir. Bu durum saha baknégnafikf aal iy
i ncel emel er , g°rsel kontroller ve el ektrikse
erken akamada belirl enmesinde °nemli rol oyn

Bu -alékmada T¢rkiye' deki Kebeke bajlantel e
dejlemdiril mi ktir. Yapél an incel emel erde ©°ze
gészergo©hl aré, bajlanté kutularé ve inverter!]l
Saha g°zlemleri sonucunda en sék karkeéel akél a

DC konnektorlerindetemasi r enci nin art masé,
Kabl o yal eteménda -evresel etkiler nedeni

Junction Box b°lgelerinde sécakl ek anomal

(o]

Knverter sojutma performanséndaki azal mal

D

Gevkek elektrik bajlantéelar

(]

= 4 4 4 A -2

Panel y ¢ z e y hotespot bblgekeri ol uk an
ol duju belirlenmicktir
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Bu bul gul ar , FMEA analizinde en y¢ksek Ri sk
dojrudan uyumludur.

52Termografi k Bul gul arén Dejerlendiril mes
Fotovoltaik sistemlerde dger-erkl ekkitftil &kmeesba
y°ntemlerinden biri kezel °tesi termografi k i
t er mal °l -¢mlerde bazée DC bajlanté noktal ar
artéklarée tespi trmedirlami kt deneBumbelrgu, yaéné:z
zamanda yangén riskinin erken belirlenmesinc

gostermektedir [7].

Bakém -al ékmal aré sérasénda °zell ikl eueMC4 ko
ésénmaséna bajl e ter mal yojunl akmaya neden
i ncel emel er il e er ken akamada tespit edi |
°nl enebil mektedir. Joule ésénmasé sonflkcunda
muayeneler ile erken akamada tespit edil ebil
6'"da verilmiktir.

MC4 Konnektor Termal Goriintii

(Normal Galisma) (Temsili) Sicaklik (°C)

s o e T
Yiiksek temas direnci
(Yiizey oksidasyonu,
gevsek baglanti vb.)
-

\

Joule 1sinmasi
(1% - R kayiplari)

Hot Spot
=118 °C —
| Lokal sicaklik artigi

(Ist birikimi)
[ Potansiyel seri ark bolgesi ]

(Yalitim bozulmasi riski)

Gorsel6. Konnekt ©°r bajl antésénda y¢ksek temas direnc
termografik gosterimi

Ge°rsel 6 incelendijinde, sécakl ek artekene
ge°r ¢l mektedir. Bu b°lgedeki y¢ksek séecakl ék,
uzun s¢reli -al ékmada yal ét ékmu mman a eviree syi anni gné nb
artmasena neden ol abil mektedir. Dol ayéseyl s
programlaréna entegre edil mesi, arézal areéen e
bakém uygul amal ar éndmaekted.i ri ol arak dejerl end

118



BURSAl NTERNATI ONAL CONFERENCE ON ENGI NEERI NG a
Juliys5,3 2BBRSA
I SBN Q8 RB82-87 251

Bu durum, termografik incelemelerin yalnézce
°nl eyi ci bakéem faaliyetlerinin planlanmasénd
Koymuxktur .

53Literat¢r ve Saha Bulgularénén Kar kél ack

Literate¢rde bildirilen yangén mekani zmal ar é
o

karkeél akt érél mék ve sonu-1|lar ¢izelge 40t e z

Cizelge 4. Literate¢r ve Saha Bul gul arénén Karkeéel akter

Ar éMeak a ni z ma 9 Literatlrde Bildirilme Durumu Saha Bu|Sonug
DC Seri Ark ¢tok yaygeén Destekl|Dojrul
Konnekt©°r Bo|¢ok yaygeén Destekl|Dojrul
Kabl o Yal ét é/Yaygeén Destekl|Dojrul
Knverter K- Orta Destekl|Dojrul
Junction Box Problemleri | Orta Destekl|Dojrul
Hot:Spot Ol uku|({Yaygeén Destekl|Dojrul
¢izelge 4'te literate¢grde bildiril enedbeak!| éc a
saha bulgularée karkélakteéereéel mékteér . Her i ki
hat al ar &, konnekt©°r bozul mal arée ve kabl o ya
a-éséndan en kritik ar ézaBubaldguarMEAanatizinderelde ol d u
edilen y¢ksek RPN dejerl eri il e de uyumludur
Saha g°zlemleri, literat¢grde tanéemlanan ar éz
benzer kKekil de ortaya -ékteéej eéneée drdegbelilehea makt a
sécakl ek anomalileri ve temas direnci arteéexl
azalteéel maséndaki °nemini ortaya koymakt adé:i
edil mesinin dejil, bakéemtememelgir lalf € ki rdiem el & Imi
°nl eyi ci bakém uygul amal arénén kritik rol oy
54M¢hendi sl i k Dejerlendirmesi ve ¢al ékmar
¢al ékmadan el de edilen bulgular, fotovoltaik
eki pmanl arénén kull anél maséyla sajl anamayaca
i -in dojru ekipman se-i mi, standartlara uyg
y°ntemlerinin birlikte uygulanmasé gerekmekt
FMEA sonu-1I| arléemlleer i saha bg?ki kte dejerl endi
m¢hendi sl ik uygul amal ar é@énén yangeén riskini
belirl enmicktir:

T Sertifikalé ve uyumlu DC konnekt®rl erinin
T retici tar af énodraknl a°rnéenréinl euny gsuél kaotmama s €& ,

T Periyodi k termografik incelemelerin ger-e
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1 Kablo izolasyon direncinin diizenli olarak élctlmesi,

T Knverter sojutma sistemlerinin bakeéméneén
T SPD ve topraklama sistemlerinin periyodiKk
T Risk °nceliklerine g°re planlanan °nl eyici
5.5. ¢alékmanén ¥zg¢n Kat keéese

Fotovoltaik sistemlerde yangeén risklerinin
| aboratuvar deneyl eri, I s teaktiipsntainkl saerla yoadnagké na
Buna karkén ger-ek ikletme kokull aréndan el d
birli kte dejerlendiren -al éxkmalar sénérl éder
Bu - al eékma, l i terate¢r bul gul ar éneé otbvgltakk i ye' d:
santrall erden el de edil en saha gzl eml er i
dejerl endirme yakl akémé sunmaktadeér. El de (

termografik izleme, izolasyon direnci olcimleri, uygun konnektor secimi ve lpl@ ©° nl ey i c
bakeém uygul amal ar éene kapsayan uygul anabil i
geliktiril miktir.

Bu y°n¢yl e -al ékma, fotovoltaik sistemlerde
teori k bilgileri saha niéehneenydinsil erlie, dteasstaerkd necyé
i -in uygulanabilir bir m¢ghendisli k yakl akémeé

6. SONUCLAR VE ¥NERKLER

Bu -alékmada fotovoltaik sistemlerde yangeén
mekani zmal ar é, l' i terate¢r taramaseé, saha g°z
dejerlendirilmicktir. Elde edilen bulgul ar,

bil ekenl erinde zamanl a gel i kKen e Itlkesindem i k s e |
kaynakl andéj ene gestermi ktir. FMEA sonu-1I|ar
bozul mal aré ve kablo yaléteéem hasarl aré en yg¢
mekani zmal aré ol arak bel ir laennmi kktuitru s uKnpvreorhbt!e
yéksek risk grubunda dejerlendirilmiktir. Bu
ol up saha g%zl emleri il e destekl enmiktir.

Termografik incel emel er , kl asi k el ektri ksel
belirl enemeyen sécakl ék anomalilerinin erke
riskinin azalteél masénda et kil bir kestirimc

El de edilen bul gul ar dojrul tusunda; teréilFr Cl k u
edi |l mesi |, periyodi k termografik incel emel er
sisteml er. il e SPD'"lerin d¢gzenli kontrol ¢ v
uygul anmasé fotovoltaik sisteamar g& nelainkg é iy
m¢hendi sl i k uygul ama[lOgnd [12].] ar ak ©°neri |l mekt ed
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Sonu- ol arak ©°nerilen FMEA tabanlée dejerlend
ri skl erinin sistemati k ol arak anadaikleriregéedi | me s
pl anl anmaséna katké sajlayan uygulanabilir b
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OZET

Su kaynaklareéenéen sg¢grdereéelebilir bi-imde 1zl €
ekosistemlerin k o r u n ngarskiiktira Megcaitésn kalitesi i2leme ml i |
sistemlerinin °nemli.@ bir késmé sénérl é& sayeéc
dahi el de edilen ham veril eri dojrudan kul |l
do°n¢kKt ¢r ememe katdead, i rs.u yBun -falzékkno ki my as al duru
dejerlendirmeye y°nel ik, d¢kegk maliyetl vV e
prototipi geliktirilmiktir. ¥nerilen sistem,;
madde (TDS); ©z¢nm¢gkK oksi jenndDOYpemekpotasygonpel i (
sécakl ek ve su seviyesi ol mak ¢zere sekiz fa
Donaném mimari si, ESP3Bitmi Kkt pgerpel L pgi ciahi p
analogdi j i t al -evirici mod¢l ¢ é¢zerine kurul mukt
arasénda olukabilecek ge-ici kararseéezl ékl ar
tabanlée filtreleme yakl akémék kdid jl emléed rmié Kyt erri.
bul anék ¢yeli k fonksiyonlaréna dayal é profil
Byl ece sens®°rl erden el de edilen verilier, se
100 araléjénda bi@Ql SusKaduna&sd®° Kaodteksdg !l ikt ¢
tar émsal sulama, akvaryum, havuz ve kahve de
yapabil mekte ve sonu-I|laré Blynk 1 oT arayg¢zy¢
deneysel soron-pbaobntogepi Rtioklu sens®°r verile
bajl ama duyarl é bir karar destek -éekteéesée ¢re
Anahtar Kelimeler: Su Kal i t esi Kndeksi (wQl ), G° m¢ !l ¢
Bil i ki m, |l oT.
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IOT BASED MULTI -SENSOR WATER QUALITY MONITORING AND EDGE
DECISION SUPPORT SYSTEM WITH FUZZY LOGIC

ABSTRACT

The sustainable monitoring of water resources is an important requirement for protecting
human health, supporting agricultural production, and maintainingoamvental ecosystems.
Many existing water quality monitoring systems are limited to a small number of parameters
or, even when multiple parameters are measured, they often do not convert raw sensor data into
an interpretable quality indicator for the emser. In this study, a lowost, loFbased multi
sensor embedded system prototype is developed for theimealassessment of the
physicochemical condition of water. The proposed system enables the monitoring of eight
parameters: pH, electrical conducty(EC), total dissolved solids (TDS), dissolved oxygen
(DO), oxidationreduction potential (ORP), turbidity, temperature, and water level. The
hardware architecture is built around an ESP32 microcontroller and two exterb#l 16
ADS1115 analogo-digital converter modules. To reduce possible ctaisand groundoop

effects among analog sensors operating in the same liquid medium, a hardware power
switching strategy and a softwabased timalivision measurement approach are employed. In
the decision Iger, a profilebased fuzzy logic model using trapezoidal membership functions
is implemented instead of rigid threshdldsed rules. In this way, the sensor data are weighted
according to the selected usage profile and converted into a Water Quality{\Mi@éxscore
ranging from 0 to 100. The system can perform different evaluations for drinking water,
agricultural irrigation, aquarium water, pool water, and coffee brewing water profiles, while
presenting the results to the user through the Blynk IoTfater Preliminary experimental
results indicate that the developed prototype can locally processsenstdr data and generate

a contextaware decisiorsupport output.

Keywords: Water Quality Index (WQI), Embedded Systems, Fuzzy Logic, Edge Computing,
loT.
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1. GKRKKk

Su kaynakl arenéen g¢venilir bi-imde izl enmes
yetiktiricili]i, end¢gstriyel s¢re-ler ve ek
problemidir. Su kal it esmyasyaal nbézyciak |t¢ekkl eb itra nfe
kadar -ok boyutlu bir yapéya sahiptir. pH, e
-%z¢nmg K ok si-ijnedni, r goeknsei dpaostyaorns i y el i, bul aneéklI
suyun kull anémuamatéama, vbumandanj kal déjée kirl
anl amlar také[yalbi | Bhekbhedenl ¢ 1$u kalitesinin
analizleriyle dejil sahada s¢rekl i °]l -¢m ya
-éktredebdil en sistemlerle takip edi7] mesi gi de
Gel eneksel su kalitesi analizleri -ojunluklIl a
takénmasé ve standart ki my a snedlenmedhb siyegddrinej i k v
dayaneéer . Bu y°ntemler yé¢ksek dojruluk sajla
i htiyacée, saha kokull aréna anl ék tepki verem
[ 1], [ 5] . ¥zell ikl eemsmil kicmyas aak éex&z é netnéd ¢asr
akvaryum/ havuz gi bi kapal e sistemlerde hezl
| aboratuvar tabanlée yaklakém erken uyareée i ht
cevrimici su kalitesi izlem si st eml er i, erken uyaré ve ger -
uygul amal aréenda °neml. bir araktéerma y°nelinm
Son yéllarda Nesnelerin Knterneti (loT), kab
protokolleri ve gin¢, | ¢ si stem teknolojilerindeki gel i k
| aboratuvar merkezli yapédan saha tabanl é ve
O 12] . Bu kapsamda geliktirilen - detkenkkmal ar d
TDS ve -°%2z¢nmgkK oksijen gibi parametreler s
verilerWi-Fi , GSM/ GPRS, LoRa, ZigBee veya benzeri
da bul ut pl atforml ar €nla6é Jakt¥aRi®d jmark a@®er of 4 M:
kalitesi izl eme sistemleri, -ok parametrel.|
birimlerine aktarélabilecejini gestermi ktir
trafijini azal t mak vei habeéfl makkme amaevewni &i ro
y°nlendirme tabanl e ver.i azal tma yakl akeéeml ar
°neml i bir be°l ¢ mg¢, mi krodenetl eyi ci de¢e] é¢meényg
konuml andér makatjal;a nfal -d¢unyl aerrlién ypbor uml anmasé - o0
veya kull anécé yorumuna bérakel maktadeér .
Literatg¢rdeki |l oT tabanlé su kalitesi iz e me
ej il i m, d¢kek maliyetl] mi knodemget li «yiicii | ma
grupt aki -al eékmal ar da Ardui no, NodeMCU, E S
kartl areyl a pH, bul anékl ek, sécakl ek, TDS v
veril er -ojunl ukl a ThingSpeakl,erBYhak kuklal
sunul makit[dddgr. [Bu5]yakl akém, d¢kegk maliyet ve
ol makla Dbirlikte, -0Jju zaman °1 -¢1 en par ami
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kal makta ve -o0ok parametentellieckeijrn kealtietre nikcar arl
Kkinci ejilim ise makine °jJrenmesi ve derin
[18]i[ 2 2] . Bu -al ékxmal ar dojrusal ol mayan il iKk
ancak y¢ksek végrnitiimhti yoaedé ekmkdel aem € mé, i K1 €

nedenl erl e kaynak késétl e mikrodenetl eyi ci 1
zaman prati k dejil dir.

¢ok sens°rl ¢ su kalitesi izl eme iésnt € mlrerfién c
kritik séeéneéerl él éklar i-ermektedir. Ayné seéve
il etkenli k, TDS ve ORP gibi elektriksel etki

°]l - ¢m kararl él é]J enaéa bat ki¢lkesyeekb ielmpre.d amk | vee v@R

°l - ¢ml er de k¢ - ¢k girikimlerin bil e Ol - ¢m
entegrasyonunu dikkatli biranalog-an- ve °I| - ¢m zamanl|l amasé probl
[5], [6]. Endustriyel uygulamalarda u¢ r gi ri Ki ml er i azal t mak i -
besl eme hatl ar e, i zol e don¢kKt egreegcel er vey
kull anél abil mektedir. Ancak d¢kek maliyet|l
mal i yeti ni v eérknaa kmnaakdeérl . JBBun éneadeanl e g¢- anah
ve yazél émsal filtrel eme gibi d¢e¢kek maliyed
uygulanabilirlifJi a-éséndan anlamleée bir alte
Su kalitesi kararéakan ¢beeti ldmgsirndeorkuanr Kied
dejerlerinin -evresel dejikkenlerin s¢greklii

tabanl é sistemlerde bir parametrenin ©°ncede
kararéné ani dbrumomhde fAuygunodejil o durumuna
kalitesi parametrel er.i Ol - ¢m geéer el tése, Séca
bajl e ol ar ak ge-i K bel gel er i i -erebilir.

dejerl enttet mesioatdeji ve ara durumlareée temsil
-ékmaktadér [19], [ 20] . Bul anék mantéek taban
ayeéermak yerine ¢yelik dereceleriylekiiademec
mal i yetl i kar ar model | er i ol ukturabilir.

mi krodenetl eyiciler czerinde ger-ek zamanl é
°neml i bir avantajder.

Su Kalitesi Kndeksi ( Waéacdca fQuzailkdki mynhasal, P

boyutsuz kalite g°stergesine indirgeipgk 1 -1in
Kl asi k WQI model |l erinde parametrelerin ajeér
uzman g°r¢Kkeéeneavega gatexkmapaimmakt adéer . Anc
dejiktijinde ayné parametrenin kalite ¢zeri
el ektri ksel Il etkenli k artékeée i -me suyu i-i
tar é@émsal méar daanab eblaijrilai sénérl ar i -inde besin
bi-i mde ORP dejeri havuz suyu dezenfeksiyo
deml eme suyu i-in TDS ve pH daha anl amlé pa
model yeri ne, kull aném profiline g°re sens®r
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bajl ama duyarl é& bir karar yapeéseé, -ok ama-| ¢
uygundur.

Bu -al ékmada, yukareéeda °zetdEntabagrelr&ksit ak ml
prof il duyarl e bir su kalitesi izl eme protot
(EC) , toplam -°z¢:;¢nm¢k katée madde -ndrgesd , -9z
potansiyel.] ( ORP)e, sbuulsaenveikyl eeski, oslencaakk | £Z&e rve s
izl enmesine olanak sajlamaktader. Do#dhianém m
-%z¢é¢negrl ¢ e sahipdi-jiifttal ADSelvlilrbi cainanhoodge | ¢ ¢ z e
°]1 - ¢m kanal | caerké nkdaar aorl suékzalbé klear € ve -apraz gi
Zzaman b°l mel i ° 1 - ¢ m, sens®°r g¢- kontrol ¢ ve
Kar ar kat manénda ise yamuk ¢(yeli k fonksiyon
modeli w gul anméxkt éer . Byl ece sistem, °l - ¢l en hi
kal mamakt a, se-il enflROl hamém] amdaenyar gt ana@lt

uretmektedir.
2. MATERYAL VE YONTEM

2.1. Genel Sistem Mimarisi

Bu - al é k nilandoeototip,cdklu gutkalitesi parametrelerini 6lcebilen, dlcllen verileri

yer el olarak i kleyebilen ve sonu-laré | oT ar
karar destek sistemi ol arak tasar |l antnaédkétrée:r .
sens?°r k a t-dniajniét, alanwdroig t opl ama kat mane, g°m
kull anécé arayg¢ze. Sens?©°r kat manénda pH, el
madde (TDS), - %z ¢ nmg¢ K-indirgeme poansiyef DRP ) , ok sl daégl
sécakl ék ve su seviyesi parametrel eri izl enn
verileri filtrelenmekte, fiziksel be¢yekl ¢kl e
bul anéek WQI model ine aktareéel maktadeéer.

Sistemin g n e | donanéem yapésé kekil 16de veril mik
kalitesi izl eme sistemlerinden farkl é ol ar ak
dej il , °l -¢m verilerini u- ci haz épdani gee i ¢

hedeflemektedir.
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EDGE Al

AALLAAALE

GOZONMOS OKSDEN ) ) +
EDGE Al TABANLI IOT VERI AKISI: SENSORLERDEN BULUTA
Yerel isleme ve Bulut Analizi

Gorsell.Gel i ktirilen | oT tabanleé -ok sens®°rl ¢ su |
2. 2. Donaném Bilekenleri ve ADC Kanal Daj el é
Geliktirilen prototipin minkar odemtertdleybcr s mi |
ESP32, entegre Wki / Bl uet oot h bajl ant ésé, -0 ft -ekir
uygul amal ar éna uygun d¢ KéKk mal i yetl i mi ma
El ektroki myasal sens®°r | &reckdmr éen ded aheadi |lkeamr a
sayésall aktérél masé amacéyla ESP326nin dahil
analogdi j i t al done¢Kt ¢gr écyé mo d ¢ | -git cdzinlrlika ne2 | mé K t
programlanabilir kazan-iry AKB@ddierci[ 24]eren dyg¢
Bu -al ékmada ADS1115 modg¢l |l eri '] C veri y ol
Birinci ADC mod¢l ¢ 0x48 adresine, i ki nci ADC
anal og kanall ar fiziksehtelar@akdghapdaamakiv
Kull anél an donaném bilekenl eri ¢izel ge 16de,

Cizelge1Gel i kt i ril en prototipte kullanélan te
Bi | e ke n| Gorevi A-ékl ama
[0} [0} i
ESP32 Ana kontrolveka | os u z Sef‘s ' (_)kl_Jma’ noikleme
bajl ant ése
ADS11151 Analog veri toplama TDS, EC ve DO sens®°r ka
ADS11152 Analog veri toplama Bul anékl ek, ORP ve pH s
DS18B20 Sécakl ék °| -¢m Sécakkodnmepkanzasyonu i-in K
Seviye sensori| Guvenlik/durum bilgisi ¥l -¢m ortaméndaki Ssu se
Blynk loT Kull anécé ar ay]| Sensorverileri, WQI skoru ve profil se¢imi
Cizelge2Sens°rl erin ADC kanal daj el émeé.
ADC adr esi |Kanal Olciilen parametre | Birim
ADS1115, 0x48 Al TDS ppm
ADS1115, 0x48 A2 EC uS/cm
ADS1115, 0x48 A3 DO mg/L
ADS1115, 0x49 A0 Bul anékl &|NTU
ADS1115, 0x49 Al ORP mvV
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ADS1115, 0x49 A2 pH -

ESP32 dijitiGPIO4 [Secakl ék |°C

ESP32 dij it GPIO5 | Suseviyesi Yeterli / yetersiz
ADS1115 mod¢l |l erii yazél émsal ol arak GAI N_TW
modda ADCO6nin tam °1 -ekl. girik araleje yakl

(1) ile hesaplanabilir [24]:

W — (1)
) L m g xmV (2)
Bu - zeéenerlo¢k, pH, ORP ve DO gi bi d¢ K¢k g €
mi krodenetl eyici ortaménda daha kararl é& bi-i

2.3. Sensor Verilerinin FizikseB ¢y ¢ K1 ¢ k1l ere D°ng¢gkt¢er ¢l mesi

Anal og sens®°rl erden el de edilen gerilim deje
be¢yekl ¢kl ere dengegkteéereéel megkt gr . Sécakl ek dej
et ki sini azal t makei senabhék phampmerzasiyenu u\
sécakl ek-Wseeashaberllekme protokol ¢yl e ESP3206y
Ml arak °1 -¢lmegktegr [25].

TDS hesabénda °ncelikle sécakl ék kompanzasyo
dej eri Denklem (3) ile hesaplanméexteér:

o § —— (3)

Daha sonra TDS dejeri Denklem (4)06te verilen
YOY po® @ 5 LG ; YU [ T (4)

Elektrikselild kenl i k °1| - ¢;¢m¢nde sécakl ek et ki si Denk!
o —— (5)

D¢zel twfd cheker i, sens?°r ¢ r etpiacri- aejdroijsriunseal d ad
fonksiyonu il e EC dejerine dong¢gkter el megkt gr:
00 Q w j (6)

pH dejeri, pH 7 referans ger il i mi Ve sens

hesapl anméxkt ér :
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nox Y w w U (7)

BuradaY pH sens®rogp 7 nianmpon -°zel ti silmmi, kar kK é |l
0 ise kalibrasyon ofsetini gostermektedir.

Bul anékl ék dejeri, temiz su referans gerilim
YOIO\)QQLbOO\)T[FI & & (8)

ORP deperisens®°r -éekeék geriliminin mVv °I-eji
edi |l mi ktir:

0'YD pimon (9)

¢°%°z¢nmgK oksijen dejeri, sécakl ej a bajl e C
kull anél arakhbPesaplaeammek®pril e

0 f (10)

:

Burada™Y"y, seécakl éfa bajl é& ddoyYgiusne okkasliijberna skyatns as
g°re d¢gzeltilmik doygunl uk geril i mini I fade

2.4. Séralé ¥I| edyanFikeleme ok ol ¢ ve M

¢tok sens®°rl ¢ analog °Il-¢m sistemlerinde ayr
il etkenli k ve TDS gibi aktif °]l -¢m yapan Kka
neden ol abilir. Bu et ki yiayanzeal amdaak daemjaicle,y | saé
protokol ¢yl e okunmuktur. B°yl ece her sens?Or
ol ukturul muk ve ham veriler karar algoritmas

Her analog kanalicio puwdet ar déekaéak ad emiméikm érnefj

| O R R (12)
Burada’l, Q@ sens°r kanal éndan al énan gerilim ©°r
sérasénda olukabil ecek ani pi klerin ve teki
aritmetik ortalamgy er i ne medyan tabanlé filtreleme uyg
Denklem (12) ile tanéemlanmécxkteér:
L aQQQAhE (12)
Medyan filtre, tekil y¢ksek veya d¢egkegk genlii
goredahad ayanékl & bir yapé sunmaktadeéer. Su kal.
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°neml . bir akama ol arak ele al énmakta; eksik
model ine aktarél madan ©°nce temiz|leamégsimadear
kull anél an medyan tabanlée yakl akém, séneér| e
czerinde d¢k¢egk maliyet|l bir aykéré dejer ba
2. 5. |l oT Tabanlé Veri Aktarémé ve Kull anécé

¥1 - ¢l en s einkeSaplanah &\jQE skdrwe ve kalite durumu Blynk loT platformu

czerinden Kkullanécéya-Fisubha] martasée EGPBadal
bel irli araleklarla Blynk sanal pinlerine a
kull amd@dmlpni se-ebil mekte ve sistemin |- me s
kahve demleme suyu bajlaménda farkleée dejerle

Cizelge3Bl ynk aray¢ze¢gne aktareéelan temel de

Blynk pini Deji kKhA- &kl ama

VO pH pH 6lcimi

V1 EC Elektriksel iletkenlik

V2 TDS Toplam -°z¢nmg¢K

V3 DO Coz¢és¢nmegK oKksijoe

V4 Bul angNTU cinsinden b

V5 ORP Oksidasyorindirgeme potansiyeli

V6 SécaklSu sécakl éj e

V7 Seviye Su seviyesi durumu

V8 Profil Kull aném profil

V9 WaQl Su kalitesi indeksi

V10 Durum Kalite séeneéefeé
Bu yapé sayesinde kull aneécé, ham sens?©®r de
boyut suz WwQl skorunu v e yoruml anmék kal it
izl eyebil mektedir. B°yl ece °nerilen prototip
-ékarak yerel °n ikleme ve profil tabanl é ka
yapéséna d°n¢gkmektedir.

3. PROFKL TABANLI BULANI K WQI MODEL K

Sukal t esi parametreleri dojasé gereji keskin s
bul anékl ek veya -°z¢:¢nm¢gk oksijen gibi dej i K
tamamen uygun ya da tamamen uyguendsenzl eh @lad ngee
sabit exik dejerlerine dayalé karar yapeéel ar é

temsil etmekte yetersiz kalabil mektedir. Bu
k¢mel er teorisine daky ail €l eam ekt lapmadi Isiathi pe b
kull anél mékteéer [19], [20].
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Geliktirilen model de her sens®°r -ektesé, S €
edilebilir ve ideal del] @0 armralekémda WKokktas
puamnm@ma, Kt ¢r ¢l megkt ¢or . B°yl ece sistem, yalneéezc
yerine, °]l - ¢l en suyun se-ilen kullaném amac
Kndeksi (WQI') skoru ile ifade et maréldrimtegkd r . WQ
bir kalite g°stergesine indirgemek i-in |lite

3.1. Yamuk Bulanéek | vyelik Fonksiyonu

Bu -alékmada her bir parametre i-in @dmuk ti
sensérdendle edi | en °cdbveQ,rngilipadgmetne icin kabul edilebilir alt ve st
sénémveamrsée; i deal araléjé g°stermektedir. Kull
» w0 O 0 (13)
kokul unu sajl amaktader . iKd gdgyedal iske ns€@rreciesin D
veril mi ktir.

. mh 0

p—h O ® w
BT ph & & (14)

p—h o o Q

¥ Th ®» Q

Burada® w dej er i O ile 1 arasénda nomilaaistamdee edi |
kull anécéya daha anl akel er biril0%l - akal £y ren
done¢gkKt gr el mekt ¢r:

Dw pnIT® (15)
m Ow pmm (16)
Denkl em {[Ow5) 6it ledcii | i parametrenin se-ilen pr
gostermektedirOw pmme] er i i de@al marejlegjie,i se kabul
sénérl arén déekéné ifade etmektedir. Kul | ané

ver it mi Kt
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il i : I Ideal Bolge ' ! E

osf | i i |

R O\

%. 04l iYukse nBt‘)Igei i Azalangolge i

af f -\l

of—d i i '

a=a¢l:cMm | b=oPtMm | | c=0;{)tMax | d=atlrcMax

0 2 4 6 8 10

Sensdr degeri, x

Gorsel2Genel yamuk bul anék ¢yelik fonksi:
Bul anékl @k ve TDS gibi d¢kekd dee§e-riilnert ek cd dl
b°l gesi kal dereéel abilir. Benzer Kekil de, bel |
edi |l diji oddralndnaarrdaak saj ge-i k b°l gesi devr e
cyeli k fonksiyonunmet rfelrekrlién es ue sknael ki theis-ii npdaer e
sajl amaktadeér .
3. 2. Profil Tabanl é WQI Hesapl ama
Bu -al ékmada su kalitesi, tek bir sabit dej
bajl e ol arak yorumlanmékwéd angnibhajadymé ap &m al
takéyabilir. ¥rnejin bel irli bir il etkenl i |
yojunluju ile 1 1ixkkild@ ol abilirken, i - me su
ol arak dejerlendistémdeli +rmeBauynedenaeé ms al
ve kahve demleme suyu ol mak ¢zere bexk farkl e
Secilenprofini | e g°sterildijinde, profil tabanleée WQ
model iyle hesapl anméxktér .
w00 0 Ow (17)

Burada® , fprofiliicin ' Q sens®°r¢n aj@bl ék | gat s asEenasr®a;

uygunl uke¢ ipueaneem€i;l en profilde kullanélan akt
Normalizeedilmk bir i ndeks el de etmek i-in her prof
belirl enmicktir:

0 P (18)
Bu durumda WQI skoru 0 il e 100 araseéenda b
edilmektedir:
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mT wLO pnrm (19)

Profi | tabanl é& bul anék WQI hesaplama s¢recinin

sens®°rl|l erden al eénan ham veriler °nce kalib

filtreleme iklemlerinden ge-iril mekundk arde

puanl aréna d°n¢kt er el mektedir. Son akamada s

kull anél arak WQI skoru hesaplanmakta ve sonu
a G

£ || &o | [l | 8] B

Y ~—~ . o
1. Sensor Okuma 2. Kalibrasyon ve 3. Medyan 4. Bulanik Uygunluk 5. Agirhkh 6. Durum
Sicaklik Fi Puanlarinin Hesabi, F;(x;) WQI Hesabi Siniflandirmas ve
pH, EC, TDS, DO, W o Blynk loT Arayilzii
ORP, bulaniklik, Sensdr degerlerinin Gilriltil bastirma Filtrelenmis sensor Bulanik uyguniuk
sicaklik ve seviye diizeltilmasi ve sicaklik ve aykin degerlerin degerlerinin yamuk (trapezoidal) puanlarinin agirliklaria WQI sonucunun yorumlanmasi
verileri kompanzasyonu giderilmesi Gyelik fonksiyonlar: ile bulanik birlestirilmesi ve Blynk loT arayiziinde
uygunluk puanlarina donigtirdimesi | gosterimi
8 \ T ] 8
A. Profil Segimi ’ Cl] B. Profil Parametreleri
o
@ lgme Suyu, Tarim, Ve Uyelik siniran: a;, by, ¢i, d;
Akvaryum, Havuz, Kahve {5} Agiriik katsayilari: w{" )
Gorsel3.Prof il tabanlée bulanék WQI hesapl ama
333 Kul l aném Profillerine G°re Sens®°r Ajérl ékl

Her Kkull aném profildi i -in aktif parametreler

profilinde pH, TDS, bul anekl ék ve ORP par ame
DO; akvaryum profiing D O, pH, sécakl ek ve bulanékl ek;
bul anékl ék; kahve demleme suyu profilinde i
Kull anél an profil ajeéerl éklareé ¢izelge 40te ©°
Cizelge4dKul | aném profilltrelner ge eajakitli & k plaa tagna

Profil WQl hesabénda kull anél an para

K-me suyu|miO 1@ O ™ O e O

Tar éms al (@ 10 m@ fO 1@ fO

Akvaryum @ o @ 1O ] O P O

Havuz ™ O m 0 1 O

Kahve @ 70 ™o T O

¢izel ge 40te g°r¢ldegje¢ ¢zere her profilin ba

ve bul anéekl ek, tarémsal sulamada pH ve EC, ak
suyu profilinde TDS daha y¢ksek ajérl eja satl
kalite tanémeé yerine kull aném baj | miména (
sajl amaktadeéer Sens®°r ajérl éklaréenén profil
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-+
I EC
| EZTDs
. 0O
I ORP
03 | | R Turbidity
: [ T=mp
I Level
.2 l |:||
ol M J __ B B BQON B B I

lcme Tarim Akvaryum Havuz Kahve
Su Profili

07

06+

0.5

Agirlik Katsayisi, w;

o

=}

Gorsel4Far kl & su profillerine g°re sens®°r ajeé
3. 4. WQI Skorunun Séneéeflandérél maseé
Hesapl anan WQI s koran| askoénl ékru lbiarn ékcaeryaar d-aéhkat é
kalite sénéféena ayrél mexkter. Bu sénéflandérm

o ly/Muk e mmelx @ @0 Opmm
OrfKaul | armhé babodl™OYx @

Duruomol\r Kotu/R shkl ¢ @ w0 Ovup (20)

wdd Kotu/Te hlh ke lod Oc¢ @
Bu sénéflandérma yapése, kull anécénén yalneé:
profiline g°re yorumlanméxk bir kalite durum
birlikte WQI skor ul,l iy asstad n dvaerytal asragjnl éyke rti ennee ¢
kar ar é ol ar ak dej il , ger - ek zamanl| e °n i

dejerlendirilmelidir. ¥zelli kle i-me suyu g
I

WHO ve ilgili ulusal standarttardaa n € ml anan sénér dejerl er ayre

¥nerilen bulanék WQI model i, kar makék bir e
i -ermedi i i -in mikrodenetl eyici czerinde g
sistem, ham verinin yanézca bul uta aktareldejeé pasif .
verilerini cihaz ¢zerinde yorumlayabilen dah

4 . DENEYSEL BULGULAR VE DEJERLENDKRME

Bu b°l ¢ mde, geliktirilen 1 oT tabanleé -o0ok sen
°n i kKl eme, profil tabanl & WQI hesapl ama ve
Deneysel s¢re-te pH, EC, TDS, 8 para@dr®eri bul a
izl enmi K; e | ohikrodenetleyicie newviemded efi |l trel enerek b
WQll model ine aktarél mexkter. ¢al ekmaneén bu

d¢zeyinde °n dojrul amas énvaervdel jfia rtkelpek ial neornea |di:

4. 1. Kal i brasyon ve Temel ¥l -¢m Sonu-1| ar é
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Prototipin saha testlerinden 6nsensorlerint € me | kali brasyon ikl emle
pH sens®°r¢ 1 -in pH 4.0, pH 7.0 ve piMl4130. 0 t a
OS/cm ve 12.88 mS/cm standart iletkenlik -°z
bul anékl ék sens®°r¢ i-1in ise temiz su refera
sécakl eja bajlé doygunl uk «ieDS#8B20 sahsokindent e al
al eénarak kompanzasyon akamasénda kull anél mécx
Kali brasyon sonrasé sistem, test sSuUuU numunes.|
el de edilen dejerler Blynk 1 o0oT aray¢zeé¢ene akt
skoru hesapl anméxkter. kekil 506te geo°r¢l dej ¢ ¢
ayne aray¢zde ger-ek zamanl é& ol arak sunabilr
ol duj u, EC ve TDS dejerlerinin|lamnmtéek| &y idyeq ke
yéksek ve DO dejerinin degkegk ol duju g°r ¢l mg
yalnézca tek bir sens®°r dejerine bajl e kar
dejerl endirerek nihai kalitre skorunu ol uktur
wal Master_ .System Inactive
-
7.94 756.54 315.73 0.71
Bulaniklik ORP Degeri Su Sicakligi f;EE‘.—EruE:lLI
546.61 186.81 23.5 i Secirm
Ry g:ﬁ:?l‘;ULLANIL
60.36
Gorsel5.Bl ynk 1 oT araye¢zende t emel referans °1 -¢m
Referans °l -¢mde i-me suyu profili se-ildif57i

cretmik ve sonucu AOrgtPas t/erknilkltamé !l aBbui Isiorndu -s, é
bazé parametrelerin uygun araléekta bul unmasé

oksijen dejerlerinin kalite skorunu akajeée - ¢
nihai bir icme suyu uyguolk kar ar & ol arak dejil, ©°n izl eme
dejerlendirilmelidir

4. 2. Anomali Senaryol ar é

Geliktirilen sistemin farkle kirlilik dejiKk
kontroll ¢ anomal.i sesangyolada oyguhaenméwywudmr.
yojunlujunu artéracak bir m¢dahale yapeéel mécx
et ki si incelenmi kKtir. Bul anéekl ék dejerindeki
uygunl uk kaybé& soklourkutnuurnmuakn iveb iwWQleki k ge-1i Ki Y
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gestermesini sajl amexkteéer. Bu davrdsa é&xar bul &
yapélaréena kéyasla ge-ik b°lgelerini daha es
Kkinci senaryodae pHidek y°ne dojru kontroll
dejerinin ideal aral ektan wuzakI|l akmaseé, °czel l
bi -imde d¢Kegr mgkt ¢r . Bu sonu-, pH parametre
ol masédéeni yl e WQI czerinde dojrudan et ki i ol
I -¢é¢nc¢g senaryoda i se tar émsal drenaj/ g¢bre s
ol ukturul muxktur . Bu senaryoda EC ve TDS dej ¢
d¢e¢kgkzl enmi ktir . Sistem, bu dejikimlerd:i bir
seviyesine d¢gKegrmgkt or . Denklem (20)06de ver.
aral ejéna karkélek gel mektedir. B u Urstroek u - m
yerine, birden fazla parametredeki eK zaman|
gostermektedir.
4. 3. Séecakl ék Kompanzasyonu ve Kararl el ék De
El ektroki myasal sens®°rl erin - é&kécihsistendes € c ak
sécakl ek kompanzasyonu uygul anméxteer. Bu am:
yvakl akék 23.94 ACéden 45.00 AcCoéye kadar arté
WQ -ékteseée ¢zerindeki etkiasadainoemahmizet edi
ve TDS dejerlerinde olukan dalgal anmanén yak
Bu bul gu, sécakl ek bilgisinin d°Pn¢gkegm denkl
ortam kokull arénda yamliéwzmd 2 iatbii fl ewcyedriéi¢ rgets
bu sonucun daha g¢-1¢ bi-imde dojrulanabil m
noktal arénda tekrarl é& °| -¢mler ve referans ¢
4.4. Tepki Suresi ve Ucta Hesaplama Perfara n s &
Si stemin ger - ek zamanl| e izl eme uygul amal ar ¢
toplama, °n ikleme ve WQI hesaplama s¢rel eri
i -in 15 ©°rnek alénmasé ve medyanmsfisldrrnedketmer
Filtrelenen verilerin bulanék ¢yelik fonksiy
hesaplanmasée ise yaklakék 42 ms ol arak ©°1 - ¢1I
ge-en toplam s¢re yaklakek 362 ms ol arak eld

Cizelge5Pr ot ot i pe ait t emel deneysel bul gu
Test / Senaryo Dejerl endiril en ©°| Eldeedilenbulgu
Sensor kalibrasyonu |[pH, EC/ TDS, ORP, Eafib?azyg;;;él_;éstléiler ve
Referans 6lcim ¢toklu sens?®r Okumfznmz:llrédgirezlnte:’:e\rll;i \I:VtQ
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Temel WQI testi

WQIl vyaklakék 60 seviye

K- me s rofili . i
’ uyu - p ! Iaraléjenda hesapl anméck

Cokeeji kkenl |EC/ TDS artékée ve WQl skoru 38.20 seviye

Sécakl ek

t

e 239445. 00 AC aral e

Kompanzasyon sonrasé d
seviyesinde kal mékteér

Tepki slresi ¥l -¢m + fiItreleml—oglfn?kr?]r?SKiriiSi yaklakek

El de edilen s¢greler, °nerilen bulanéek WQI m
-alexkabildijini g°stermektedir. Bu y°n¢gyl e s
yakl akéml akéndan¢s¢amywvelratarini cihaz ¢zerinde
bir kalite -éktésé sunan bir u-ta karar dest
4. 5. Genel Dejerl endir me

Deneysel bul gul ar genel ol arak dej ealteendi ri |
parametrelerini okuyabildiji, sens?or veril e
tutabil difji ve profil tabanl e bul anéek WQI S
go°r ¢l mektedir. Medyan filtreleme mghhihagmhméée
dojrudan yansémaseéne azal t méex; sécakl ek k o
sapmal arénén sénérl andérél maséna katké sajl a
hem de kullaném profili dedé kkatrmen & -s£wsmemukatn
Bu sonu-1lar, ©°nerilen prototipin d¢gkegk maliy
uygul anabilir bir g°m¢gl ¢ karar destek altyap
5. SONU¢ VE ¥NERKLER

Bu -al eékmada, szua nkaanlliét eiszilne nnmegseirn-ee ky ° nel i k d
ve -0k sens®rl ¢ bir g°m¢gl ¢ sistem prototipi

ORP, bul anékl ék, sécaklék ve su seviyesi ol m
eldeed | en verileri ESP32 mikrodenetl eyici si ¢
bul anéek WQI skoruna d°n¢kteéegrebil mektedir. B
kull anécéya aktaran pasif bir 1 zlaeamaec éynaap QL a
yoruml anmeék bir kar ar dest ek -éktese oret
done¢kKt egr el megkt er .

Donaném tarafeénda -ift ADS1115 ADC modg¢l ¢ k
kararl & bi-imde okunmas éokhceld¢ge fMe nma kytdamm .t &SkEa
yakl akémeé, ani °l -¢m piklerinin ve késa sg¢r
yansémaséné azaltméexkter. Ayréca sécakl ek ko
sécakl éeja duyarl e bpbar smaetur ¢ laer deel deda head i Kk anre & 1
Deneysel bul gul ar , °l - ¢mden WQI -éktéséena k
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ol duj unu gestermi ktir. Bu sonu- , °neril en
mi krodenetl eyi ci catEkmdygageygek phhapuau or
¢al eékmanén kar ar kat manénda kull anél an yam
ajérleklandérma model i, su kalitesinin tek I
ol arak dejerlmawdtien ] mésmeiswsyl,| at ar émsal sul
deml eme suyu profilleri I -in farkl é& par amet
verisinin farkl e kull aném bajlamlarénda f at
getiril miikttiers.t l[Aerommadle, ©°zel |l i kl e EC/ TDS art ¢
-ok dejikkenl: senaryoda WQI skorunun 38.20
parametredeki eK zamanl é& deji Ki mi be¢t encél 0
Gelecek al ek mal arda sistemin g¢nek enerjisi dest
kayéet altyapésénénl ogTlengikbdietu 2 ure sme n diolRlai/ NBab
saha kull anéména wuyarl anmaseé@ vV e dahat abamil €
ejilim/lanomali t ahmin model |l erinin ekl enr
dejerlendirildijinde, geliktirilen prototip
kalitesi izl eme yakl akémé s unioemnk siskemleri-iggnk s e n
uygul anabilir bir g°m¢gl ¢ karar destek altyap
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A HYBRID AUGMENTED LAGRANGIAN AND FMSG -BASED SOLUTION
APPROACH FOR THE QUADRATIC ASSIGNMENT PROBLEM
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Dr. ¥Jr. |yesi Erdene
Hitit University, erdenerozcetin@hitit.edu0000-:000260733159

OZET

The Quadratic Assignment Problem (QAP) is a fundamental-hidfél combinatorial
optimization problem with wideanging applications in logistics, facility layout, and circuit
design. Due to its quadratic objective function and $n!$ solution space, exact methods a
computationally prohibitive for mediwto-large scale instances. This study presents a novel
hybrid approach, HSGEGMSGTS, which integrates the Sharp Augmented Lagrangian (SAL)
dual framework, the Feasible Value Based Modified Subgradient (FMSG) higoréand

Robust Tabu Search (RIS). The methodology employs the SAL framework to handle
assignment constraints, effectively narrowing the duality gap. Dual variables are updated
iteratively via the FMSG algorithm, which adaptively adjusts step sizes lmaséeasible
solution values to accelerate convergence. The inner loop utilizes Robust Tabu Search as the
subproblem solver for intensive local search. The method was evaluated against 73 standard
QAPLIB instances. Results indicate that HEBBSGTS achievessuperior performance
compared to pure Tabu Search, reducing the average gap from 2.09% to 1.52%. Notably, it
reached optimal solutions for 31 out of 64 problems. This study validates that combining
theoretical dual guidance with metaheuristic intensificaprovides a significant competitive
advantage in solving laregrale QAPs.

Key Terms: Quadratic Assignment Problem, Combinatorial Optimization, Hybrid Approach.
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PERDE-¢ ER¢EVELK BETONARME BKR YAPI NI N ARDI k
DAVRANI kI NIN DOJRUSAL OLMAYAN ZAMAN TANI M A
KLE KNCELENMESK

Y¢é¢ksek Lisans ¥Jrencisi,
Kéer ék kal e cémpirl@enraiscoh0808000496421957
Dog. Dr., SARUHAN KARTAL
Kér ekkal e saruhankagal @kkute@us0000000218703287

OZET

Bu al ékmada, 2023 wyellerPrda abe@gd dmae adle I mem kM z |
depremlerin, Hatay ili Antakya il -esindeki 3
al d € kabulere-deivieelni, tpaekrédyeec €& si steme sahip ¢
doj s al ol may an snilatimhasar sdrecv izeximdekk etkileii ETABSk
yazél émeée kullanélarak zaman taném a2088nénda
esasl aréna g°re Rasapramanrd:;yzgapyéndm®glOoDBkél ma
d°nyg periyodupl dabt Hmadaki" (Kdint perf or mans h
i rdel enmi ktir. Yapénén maruz kal déjée sismik
amacéeyla ivme kayeétlaré her hangi bir ©°1-ekl
istasyondam | énan tamamen ham ger-ek verilerle mod
keyasl amal ar, bu konumda2 ktaaysdaerdé nh einv nsei ssnpiekk tvr
yatay bilekende %2336e, d¢key bil etkeernmiliek tii e
Dojrusal ©°tesi dinamik analizler kapsaménda
7. ana Koku neticesinde meydana gelen kal
hasarl arénén ve k¢gmeglatif ian&luivyetk manaol ojiin
kokulu ol arak aktareéeldéjé kesintisiz bir dur
t a S

-~ (o]
—>

- X - — C

m al anéendaki ardékek analizler sonucund
roll ¢ Hasar (iKkH)n cg9 é nséarrésnéan t &l anketteijcee,si nd
Kéna raj men hedefl enen Kontrol |l ¢ Hasar
mi Ktir. El eman bazl é& -2s0i1s8ndidke h aasnaérml| daanjaal
érlarée i-irnpdedapbdena g°rel masarl anan bi
u

mundaki ardekek akere sismik talepler a
gilediji sonucuna varél mexkter.
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Anahtar Kelimeler: 2023 Kahr amanmar ak Depr eddnmnean ,T aAréadne |
Al anénda Dojrusal Ol mayan Anali z, ETABS.
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NONLINEAR TIME HISTORY ANALYSIS OF A RC SHEAR WALL -FRAME
BUILDING UNDER SEQUENTIAL EARTHQUAKE EFFECTS

ABSTRACT

I n this study, the effects of s¥=J)uwedHay al e al
(Mw=6.4) that occurred in 2023 on the nonlinear seismic behavior and cumulative damage
process of a-8tory reinforced concrete residential building with a shear-fraathe structural

system, assumed to be located at the position of the acceleroraéiter Blo. 3125 in the
Antakya district of Hatay province, were investigated by the time history analysis method using
ETABS software. The adequacy of the structure, designed according to the principles of TBDY
2018, to meet the "Controlled Damage" (KH) fpemance objective under the BD
earthquake level (10% probability of exceedance y&dr return period) was evaluated. In

order to represent the seismic demand to which the structure was exposed as close to reality as
possible, the acceleration recomsere applied to the model using completely raw real data
obtained from the aforementioned station without being subjected to any scaling process. The
spectral comparisons performed showed that the seismic data recorded at this location exceeded
the TBDY-2018 DD-2 design acceleration spectrum limits by up to 233% in the horizontal
component and 354% in the vertical component. The sequential seismic loading scenario
applied within the scope of nonlinear dynamic analyses was carried out with a continueus state
dependency methodology, in which the residual displacements, plastic deformation damages,
and the cumulative internal force matrix resulting from theeK17 mainshock were transferred

as chronological initial conditions to the next dynamic analysis. Asuat of the sequential
analyses in the time history domain, it was determined that the investigated structure reached
the Controlled Damage (KH) limit under the first major shock, and maintained the targeted
Controlled Damage (KH) performance level désphe cumulative damage increase that
occurred as a result of the second shock. It was observed that the dédasezhseismic damage
distributions remained within the code limits defined in TBRY18; it was concluded that the
building designed based atrength exhibited a successful and safe structural performance
under the sequential extreme seismic demands at the specified station location.

Keywords:2 023 Kahramanmarak Earthguakes, Sequent
History Analysis, ETABS.

1. GKRKK

D¢nyada ve ¢l kemizde yererl ¢kte ol an si smiKk

ol arak yapeéelarén servis °m¢grl eri boyunca te
czerine kKekillenmicktir. Anc ak dekaykeglilendgpemmi Kt e
seril eri ve saha g°zlemleri, bu konvansiyon
hedefl eri a-éséndan yetersiz kalabilecejini
depremleri(Mw7 . 7 Pazar7c.é6k EviebiMw an) il e kronolojik
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eden 20 kubat 2023 Hatay depr emi (Mw 6. 4),

hasarl aré onaramadan ve yapésal takviye al ma
veomut bir kKekilde kanétl améexkteéer. Sismik tas
tanémlanan bu t¢r ardékék sismik senaryol ar,
hasar s¢re-lerini tetiklemeekte ve yapé géven

Kemel atif hasar mekani zmasé dojrultusunda,
safhaya ge-erek akma sénéréné akan veya be
seviyesine ul akan bet onar me el e man |lpaérsdad k e

def ormasyonl ar meydana gel mektedir. Bu s¢re-
beton paspayénén d°k¢l mesi, donatéenén kal éc
tekrarl & -evri msel yéekl oer al tkeindaz aligultdri &n
-ékmasé ka-énél maz bir sonu-tur. Yapé, si smi
bakl angé- rijitliJini b¢yé¢k oranda kaybet mi k
bir sarséntéya yarkamiakndlkegrealdtagr is,i sdejmaln tdiit r
yé¢k payl akéem kapasitesi il k tasarém durumuna
Mevcut l i teratg¢rde yer al an ardecxkek depr e
i ncelendijinde, arsé@émsém k an almez kkaog/léayl ej e saj l
spektrumlaréna uyum yakal amasé adéna belirl]|
yani yapay 1ivme kayeéetlaréndan yararl anél déj
dojrusal ol maalainz Ideirnfianmilk¢ yagc k bir késménda, C
yékeneg artérmasé nedeniyl e, hesap kol ayl é] é
saptanmékteér. Bu durum, yapélarén tasaréem ©°t
Kokbhbht eéndaki dojrusal °tesi davranéxkl aréneén,
konul maséné séneérl andérmaktadeéer .

Bu kapsamda, Zimre [6ja| at ya' da bul unan 8 katl é& betona
mal zeme dayanémlardeprdm] ekt at eeaekdakar dés ek k
analizl erde, yapéya en yakén 4406 numaral é& i
0.2¢9) yer hareket. kull anél mék ve zaman t a
performans sokntui-rl.ar@G® kimmedne I[e7/nfmik ubat 2023 Kahr
Uzere,d¢nyanén farkl e b°l gel erinde meydana gel
betonar me binalar ¢zerinde ek talepler ol uxkt
deprem teesanéameziv a-éséndan kesin ol ar ak d

-ékarmaktadeér . Dal [ 8] 1998 ©°ncesi ve 1998 s
czerinde 2023 Kahramanmarak deprem kayeéetl ar é
depem anali zl eri yapéel méx. Anal i z sonucunda,
b¢téengnde olukan tepe deplasman dejerleri, g
d°nme/ birim kekil dej i kKtir me S 0 n u e Isimetrié I NcCe
duruml aréndaki betonarme binalaré Sta4CADJ[ 5]
karkeél akt ér mé K ; ETABS'in [2] yé¢ksek katl e ve
ortaya koymuxktur. [ 10] Tayfmertojilsu nY énl dyéazp év ea
davranékl arée ¢zerindeki et ki si ETABS [ 2] ma t
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alanenda deprem performans anali zl eri il e
yapélareéen deprem davram&rlirarsé men sdihk ¢° rytagpeéen
performans sergilediji sonucuna ul akél méxkter
Bu -al ékmayeée |iteratg¢grdeki ana akém -al eékmal
ait Hatay Antakya 3125 numaral é i vmefikl -er i
karakteristijini, frekans i -erijini ve enerj
filtreleme veya yapay m¢dahale i kKl emine tabi

sisteme etkitilmesidir. Anali7zI7¢r viea R9Da mmaurda
(Mw 6.4) depremleri, iki yatay @V, N-S) ve bi-D) obngkkiegre € sismik

bil ekeniyle ek zamanl é& ol ar ak, kronol oji k seE
Ger-eklexktirilen spektral kéeyas!| amamuadaal i z |
kaydedilen sismik talebin TBD®2 018 [ 1] tasarém séneéerl aréne (
%2 3 3, d¢key Dbilekende 1 se %354 oranénda acxt
ardékek Sismi k -eggkleeméni nhbet paad en&imiaifr k on
performansé ve dojrusal °tesi hasar ge-miKi

dojrusal ol mayan analizler ile dojrudan g°zl

2.PERDE¢ ER¢EVBKISTEMKN GEOMETRKSK VE DOJRUSAL O
MATEMATKKMEDREL L EME SK

Bu- al eékma kapsaménda incelenen bina; AFAD [
cojrafi konumu ve zemin ©°zellikleri esas al é
|l okal zemin sénéfé ve sishi&i smhki kaypalaméhn
czerinde dojrudan ve anlamleé bir -2018K1i 1 de Kk
b¢e¢nyesi ndeki dayanéma g°re tasarém esasl arer
ardekéek deprem senar yao ldizlendndea dizerdi tve simetrkt birl mu K t
geometriye sahip olan bu yapé, yanal si smik
aktaréel maséneée s-agrl-agyvaenl i6 Ikeattd réa rpmneer dbei r konut
vV e statik yertiiegi ki rkial gp s tpd raenré Il e anal i z|
mat emati ksel sonlu el emanl ar model i G°rsel

2.90 médir . Bi n2818[Y] 38.B.E.E&nkatldesinde bdlilényH ané ména g°r
makine dairesi y¢é¢ksekelid]. i50dni lok atreaekalbed ma mé&m |
karakteristik sifgt=i n3d0i rMPbaa, s édno-n adtaéy a-ne€lméj i -
akma ddy=andé2ndé MPa ol arak se-il miktir.
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Gorse | 1. (a)Betonarme Yapéya Ait Tipik Ke

G°rsel 1. (b)Betonarme Yapéya Ait ETABS 3 Boyut

Yapénén tasarém °tesi ardékéek sismik ye¢gkler
Seéneéer duruml aréné zaman taném alanénda ger -
ETABS [ 2] yazéel eéme b¢e¢nyesinde gel i iden k doj
yararl anéel mexkt éer .

¢ter-eve el emanl aréné olukturan kirik ve kol
etkilekimleri, el eman wu-laréna atanan yej el
dojrul tuda, Kirik u-Ilklirlinwetsiardieces gd aaslt ak ¢
plastik mafsallaré tanémlanérken; kol on el e
altenda dejikken eksenel kuvvet ile -ift eks
katan, plastiekase¢tlei etdkej ekt mi mepl asti k mafsa
maf sall arén dojrusal °tesi kapasite ejriler
sargéseéez kabuk beton geometril eri il enmevcut
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momente J ri | i Kk analizl erine dayandér él mékter. M
beton modeli, donaté -elij-plastnkimedel fkulb
Si stemde yanal rij it igi Krétik rolaoynayan betanarnsei s mi k

per de duvarl ar én deksesel gkmayeanki €ekli méer

yakal ayabil mek adéna, ETABS [2] b¢nyesindeki
edi |l mi ktir. Byl ece d¢kweyr ldaerpr @ane rbiinldeek eyna ma
eksenel kuvvet dal gal anmal arénén yanal rij i
ger-eje en yaken kekilde model e yanseéeteéel méext
Dojrusal ol mayan zaman taném alaneranel bbal &n
ol arak ortaya -ékan s°n¢m etkileri, yapeénén
s°n¢gm orané kabul ¢yl e Rayleigh s°n¢gm matri s
edi |l miktir. Analiz sonu-1 arléndi@mesindaipeelBLYI perf
2018 [1] B°l ¢m 15 b¢nyesinde yer alan "kekil
esasl aré kélavuz edinilmiktir, El eman bazl é
biri ki ml:@ Kekil deglipglierme, vy° mpdtamdli ikk td€ ntmen
karkeéel akt érél arak yapeéesal hasar seviyeleri,;
¥ncesi (G¥) performans sénérl aréna g°re irde

3.PERDE¢ ER¢ EVEKK TEMKN GEOMETRKSK VEAYBOJRUSAL Ol
MATEMATKKSEL MODELLEMESK

Zaman taném alanénda ger-eklektirilen dojrus
kal acajé ardekéek sismik talep senaryosunu o]
77 ana kKoku il e kronoloji k akéekta buwdsar sén
depr emi girdi veri si olarak se-ilmicktir. Ar

merkez ¢ss¢ne ve fay kerel maizaalt am&@ walkarein
°nem arz eden AFAD [ 3] Hatay Antakya 3125 nu
temin edil miktir.

S°z konusu istasyonda her i ki deprem esnaseé
y°net mel i k sénerllugruén ui loa toalyaan kuoyyumasku adéna vy ¢
analizleri; ham ivme kayétl aréndan eDl8e edi l
[ 1] b¢e¢nyesi ndeki ta®ar &m 0d eapxréed mad o4 eawiel €pPpPB,
periyodu) etapakémumumil e kar k&l asdsmomatthmas e
[Ayazéléeme ile yapeélan spektral analizler so
taleplerinin, ye¢rerl ¢kteki tasarém sémnérl ar e
gi bi ekstrem oranl arda akt ej e saptanmécxkt ér
spektrumlarénén (Pazar c®IB[1jD®-2Hasayemepp ekt euw
ol an dinami k karkél aktérma grafi kl eri G°rsel
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Gorsel 2.(b)Hatay Antakya 312Kv me ® | - er Kstasyonunda Kaydedil e
Davranék Spekt2018mRD2a rTeansanr &M DSYpekt r umu il Kar
(b) 20 kubat 2023 Hatay Depr emi ( Mw

Ardékék depremlerin takéyécée si gt-emes zar iymdk
Kekil de matemati ksel model e yansétabil mek ad
State) il kesi g°zetilerek kurgulanméxtér. Bu
durumu ol arak dejil, biir yYyapgéekal ym&tl reimei naid é
kesintisiz bir zincirleme dojrusal ol mayan a
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-0zl megkKt oo Anal iz zincirinin k adéméenda,
t emsi | eden d¢kiey (€0 .-2RQ) mi siygtkeé me
et kitilmicktir. Hemen ardéndan baxkl atél an
sonucunda yapéda olukan °n geril mel eri
zaman t anaé mdajlranseanld ol mayan di namik
nitelijindeki bu il k sismik analiz evresi
dej i ktirmeler, betonarme el emanl ar én
biri ken k¢megl ati f plasti k donme talepleri,
sistem i - kuvvet matri sl eri eksi ksi z
yorul muk dinami k yapeéesal durum, -Hii KBS s[¢2d]e kb ¢
protokoll eri kull anél arak dojrudan 2.
ol ar ak atanmexkt er . B°yl ece yapeé, s°n¢m
do k¢l me K, donat él aré akma tEnéeEépepamRrméki ved
hasar ge-mi Ki il e i kinci sarseéntéya maruz
4BULGULAR VE TARTI k MA
Ger-ek ardékék sismik y¢gkl emel er ( descevéll. 7

bet onar me

gerel.

i rdel enmi

CizelgelKat | ar

konut

Boyunca

CONFERENCE ON ENGI NEERI NG a

yapeées gmén zsaamraqi Iteadniéfm
°tel enmel er
Ktir.
sureglerini 6zetleyen verildri z el g e

vV e el eman bazl é
Yapénén maruz kal dej é
1, Gor sel 3 ve G°rsel

El emanl ar én

Kat No Eleman| Hasar Seviyes| L E’GFE”;”; io?u 2. D((aﬁarl(ta;;)Son Art éx
4. Kat Kiri | SH/KH/ GO [49]/[9]1/[9] [29] /[29]/]9] || % + [40.82]
' Kolon SH/KH/GO| [26]/[6]/][0] [20]/[12]/]0] || % + [23.08]
3 Kat Kiri | SH/KH/ GO [39]/1[18]/1[9] || [20]/[37]/[9] || % + [48.72]
' Kolon SH/KH/GO| [30]/[2]/]0] [17]/[15]/]0] || % + [43.33]
> Kat Kiri | SH/KH/ GO [34]/[24]/19] || [16]/[42]/]9] || % + [52.94]
' Kolon SH/KH/GO| [31]/[1]/[0] [13]/[19]/]0] || % + [58.06]
1 Kat Kiri| SH/KH/GO| [34]/[24]/1[9] | [17]/[41]/[9] | % +[50.00]
' Kolon SH/KH/GO| [31]/[1]/]0] [14] /[18]/]0] || % + [54.84]
Zemin Kat Kiri | SH/IKH/GO| [40]/[19]/[2] | [27]/[32]/[2] || % + [32.50]
Kolon SH/KH/GO| [30]/[2]/]0] [15]/[17]/]0] || % + [50.00]
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Zaman taném al anenda ger-eklexktirilen doj
incelendijinde; referans yapénén, dajarsalr ttund as
ekstrem d¢g¢zeylerde akan ol ajan dékeée bir sism
s¢recini kararl & ve k¢resel toptan g°-meyi e
Analizin ilk evresini o w.Kt uarnaan k60 kkuu bnaett i 2c0e2s:
enerji s°n¢gml eme kapasitesinin bir gereji o |
yaygén plastik mafsall akmal ar meydana gel mi
el emanl aré ol an kolon ve perde duvarlar bg¢ye¢
I -erisinde kal mék ve sistem ilk sarseénte t
seviyesini karkél améxkt éer

ETABS [2] biinyesinde uygulanan kesintisiz dururreskirl i | i J i met odol oj i siy
rijitliji azal mék yapésal matris ¢zerine kro
(Mw 6.4) , bi nanén maksi mum yanal tepe %8P | as ma
mertebesinde artérmécxkter. Bu dur um, t akéyeéeceée
b¢yé¢tmesinin yanée séra, b°l me duvarl ar ve ce

hasar riskini vePgpkiimci marisemttd @tkeéehnheakini

G°rsel 4' de sunul an dinamik eksenel Kuvvet
deprem bilekxeninin d¢Kkey takéyécé el emanl ar é
a-eék-a g°r ¢l menetne dhi ry.ar@dgrkey éi anl ék eksenel
kolon yuklerini ani bir cevrimsel yiklemeylsmax (1236.10 kN)pi k dej eri ne ul &

TBDY-2018 [ 1] ' de tanémlanan s¢nekl i ks édnéézre yk a ryt,
ol ar ak t &.40&fm| saehménr dejerini zor|l améckt eéer . l
dal gal anmal aréna karkén, perde duvarl areéen do
edilen sonuclar, yiksek a n a | rijitlije sahip perde el eme
b¢enyesinde sénérl adéejénée ve plastikl ekmeyi €
Kkoymuxktur . Perde duvarlar, -er-eve el emanl ar
hasar yéj él masené °nlemik ve sismik m¢ghendi
g°-mesi mekani zmal arénén olukmaséné engell erm
Sonu- ol ar ak, °] -ekl endiril memik ham verile
ger -ekl exktiriylaemmn ada@jlriwed &Ir ;olamalékék depr eml e
depl asman artéxklaréna raj men, binanén ikinc
k¢resel performans hedefini korudujunu kaneét
toptan § - me kararsezl ejé-29d4dB8gi[llefmelyemyed&s i nTdBeLk¥
tasarém fel sefeers-ienvienl ivesipeérdne se-1i minin yap

bakarésénée ortaya koymuxktur.
5.SONUCLAR

Bu -al ékmapkapsbamaddaij |l di ] i ivme®°l -er i stasy
sismi k tehlike paramtOrn8&l drli] asaagsan&lmangrealk
g°re tasarl|l anen-6vd&lait | bBetpemareme bir konut vy
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gerce si smik yeéekl er alténdaki dojrusal ol ma
Anali zl erden el de edilen sonu-|lar akajéeéda ma

T AFAD [ 3] Hatay Antakya 3125 numaral é ista
kayéetl ar 201&[fj, sTBDdart deprem d¢zeyi (DD2)
taleplerini yatay bilekende %233, d¢key b
akteje spektral analizlerle grafiksel ol a

1 Yapé, projelendirme Kkr ekettemlnvme-balgbe
i1 k ana K owk.7)( Psaazrasrécnétké altenda y°net mel i
hedefl edi i "Kontrollg, Hasar" (KH) perfor
bakar mékt ér .

¢ Durum s(;rekliqr'n]huasarklesi\nee rgi°jriet | 1 ] i azal
kronolojik olarak etkitibh@ndaraleke&hkdas, slmni
maksi mum yanal tepe deplasman talebi %14.
gestermiktir. Yapeée, bru Wdiofirkuismilné& treasji m&rg Ir
da " Kontroll ¢ Hasar" (KH) performans d¢ze
kararsézléeje sergilememicktir.

T El de edilen t¢gm bulgul ar; y2epetmekljetaxe
sistem kombinasyonununstaar é m °t e s i ardekek deprem kKol
bil ekenlerinin birlekik etkisi altéenda da
ortaya koymuktur. Y¢gksek yanal rijitlije
hasarl arénaraknéetaede el emanl aré il e ex
tehl i keld] hasar yéjél mal aréné ve ani yumu
géeventl g hedefini bakaréyla sajl adeéejéneé
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2023 KAHRAMAVDMAPRAMLERKNDE YI KILAN BETONARM
BKNANI N G¥¢ME NEDENLERKNKN ANALKZK VE OPTKM
PERDESK ORANI NI N PARAMETRKK OLARAK BELKF

Y¢ksek Lisans ¥Jrencisi, MUSTA
Kéerékkale | niversit es0003000956289567z c a m@h

Dog. Dr., SARUHAN KARTAL
Kerékkale | niversit es000000024870328nk ar t &

Prof . Dr ., KLKER K.
Kerékkale | niversit e@000002598ka31Xk al k an

OZET

Bu -al ekmada, 6 kwdhdana 2PI3en aKa thri anmdaen meer ak n
Adéyaman ilinde yékélan betonarme bir yapeéne
ardendan yapeénén T¢r ki ye -2B0i 1n8a) Dsetparnedna rYt®lnaert énmee
g¢-lendiril memet raimaclkeiyl aoptairmi zasyon - al é@ékma
projesinde bodrum ve zemin kata il ave ol arak
yapéneén, sahada yapeéelan teknik tespitler net
cekmek at daha ekl enerek ka-ak ol arak 9 kata -
s¢re-lerinde, mevcut durumdaki nervegrse¢gz dez
projesiz katlarén getirdiji kegnémesead] dgazamam
sismik kusurlar di kkate al éenméexteéer. Yapéneéen
Vi4a.1 vyazéléemé kullanél arak ¢ ok Mod!l u Nonl i
Y°net mel i7Ji mal z e me parametreédeei evaes 0al7di

ger-eklekt-2rdépi eamid¢gz®O®Pi nde (475 yell ék tek
ajér hasar ve g°-me konumunda ol an binanén
sisteme simetrik olarak d@idyardaméefek| evaeami kKbert
senaryol aré kapsaménda, perde al anlarénén ta
czere d°rt farklée parametri k varyasyonda tes

%0. 5 perde orminkk ngnv ggmalpiéjniémi sdrst ér mada yeter :
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dej er olan "G°-menin ¥nlenmesi™" ( G¥) perfor
Buna karkén, %1. 0 ve ¢zerindeki perde oran
performans seviyesith ak ar eyl a yakal adéjée tespit edi | mi
kriterler birlikte dejerlendirildijinde, hem
hem de kesit boyutl andérma verimlilif57i sajl
gicled i r me strateji si ol duju sonucuna var él mek
Anahtar Kelimeler: 2023 Kahr amanmarak Depremleri, ¢ ok
Perde Duvar ile G¢g-1lendir me, Opti mum G¢-1end

1. GKRKK

1.1 Problemin Tanémé ve ¢al ékmanén ¥nemi
6kubat 2023 Kahr amavwmd veal, 7d é pr e Mldeeryiaman b° |
betonarme yapé stoju ¢zerinde tasarlanan sén
ol ukturmuktur (G°rsel 1) . Sanakalncej]l @mei & mi
s°n¢ml eme talebinin, mevcut takéyeéece Si ste
g°stermektedir. Yapé stojundaki en kritik si
kat i1l aveleri (ka-jgkdée&ageéarn, bemal deenba&zmd
kapsaménda incelenen Adéyaman il indeki beto
onayl e statik projesine aykeéereée bi-imde inka
°]l -¢de artéymegRtwme. oBo akW@antkmwol s¢gz kegtl e arté
basén- y¢kengn artékéna dijer yandan daha b
sebep ol muktur.

Binanén g°-mesine zemin hazérl ayaneypmhrésal I
di zi sismik ve mekani k zafiyet ©°ne -ékmakt a
i mal at pratikleri ve ye¢rerl ¢kteki 1975 Afet
(etriye séklaktér masée) e kestturk362 Komusumalzerde;ve d o0 n
detayl andérma kusurl arée, ka-ak ka«kl ai&ndgi tr
noktal arénda ani ve gevrek kesme kérél mal ar é
kapasitesini dkktakn°birsei fevré&rpeéerdel erind
yapeéséneén ol ukturul mameéecx ol maséedeér . Bu eksi
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s°n¢egml enmeden dojrudan ¢st katl ara aktareéel m

Otelenme meydanagele si ne sebep ol muktur

Sonu- olarak; denetimsiz kat il aveleri, bina
en kritik yapésal kusurdur . Bu dur um, Si smi k
(kol on/ ki ri k) mant oEamya®dreamre ny ati,ar [ki¢g t d lemaedyd ]
hesapl anarak, sismik enerjiyi s°n¢gmleyecek y

duvar sistemlerinin takéyécé sisteme entegre

ADIYAMAN DEPREM KAYDI (iISTASYON NO: 0201)

Adiyaman deprem ivmeleri DD-2 ve DD-3 Tasarim Deprem ivmelerini agmustir.
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Yatay dogrultudaki deprem kuvvetleri DD-2 ve DD-3 Diisey dogrultudaki deprem kuvveti DD-2 ve DD-3

Tasanm Depremlerini agmugtir Tasannm Depremlerini agmugtir

Gorsell.Deprem ve Tasarém Kvme SpefKilruml ar ér

1. 2. Literate¢r ¥zeti ve ¢Cal ékmanén Kapsamé

Mevcut betonarme -er-eve sistemlerin sismifKk
amacéeyla wuygulanan en ef ekia yeni getomatme mérder d e n
duvarl arén ekl enmesidir. Ge-lendirme se¢gre- 1 ¢
davraneéekeée,; eksenel yé¢k oraneé, narinl ik, kay
parametrelere dojrudanibajeémhéddgegi nde, 2ZEcebei
sisteme eklenen betonarme dol gu duvarl ar én

kapasitesini i se 4 kat arterdejéné deneysel
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tahliyesineagedék kempahlmgpyerde duvar uygul an
yakl akék 3.25 katéna -ékardejéené rapor et mi
alternatiflerle kéyaslayan Al ashkar ve ar k.
tesirlerini- el i k -apraz d¢zenl emelerine g°re -ok da
Perdel erin geometrik parametrel er.i szerine

artmaseéeyla g¢g°- me modunun gevr ek kesme yer.

gbst erirken, Khanmohammadi ve Heydar.i [ 7] -o0ok
mod etkilerini ve yanal kuvvet taleplerini
Mamdouh ve ark. [8] ise ¢zerl er miktakeyesimdema r i b
bet onar me mant ol ama y°nteminin yanal yék v
performansé sergiledijini vurgulamexkter [ 9,
Bu bilgiler éxkéjénda y¢reéeteéelen bu -al ékmada;

il i nde lyaéenk églemmé-ke ko bi r betonarme yapénén g°- me

vV e yapeéneéen mevcut takéyeéeceée sistem perfor ma

ol mayan y°ntemlerl e analiz edilmiktir. ¢tal ek
sis mi k perfor mans analizl eri yapél sayde vV e
gé-lendiril seydi, hangi perde orane2dBp T¢r k
sismi k performans hedeflerinin g¢venle sajl
Ger ek bir saha yékém vakaséndaki ka-ak kat/
eksi kliji gibi karmakék kusurl aré sonlu el em
ayréekan bu -al ékma; yapeéesal rilerinikXleiYkdnlerper i yo
i -in ayré ayré tanémlanan dojrul tusal perde
l'iterate¢réene y°nsel ve parametri k yakl akémey
2. KNCELENEN YAPI NI N M{ HENDKSL KK EKSKKLKK
NEDENLERK

2.1. Yape Kimlifji, Kat Rejimi ve Geometrik P
Adeyaman i1l i, Mer kez i1l -esi, Siteler mahal |
yapeéeseé, projelendir me evresinden i Kl et me S

sergilemektedir.
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Onayd @&j eps i ve ruhsat veril eri incelendijind
tasarl anan yapeéneén,; 1 bodr um, 1 zemin ve 4 n
sisteme sahip olduju tespit edil makare, papa
stati k projesine aykéré «xekil de, deneti msi z
il avesiyle genikletildijini ortaya koymakt ad

katl ek tasarém kapasitesB mioraxadr akka tt)o pbliam k9
(Gorsel 2)

Yapé toplam y¢kseklijinin projesiz katlar n
d¢key takéeyecé elemanl ar (kolonlar), orijina
cok Uzerinde bir eke n e | yé¢k seviyesine maruz kal mékt ée
kaygeéelaréyla zemin katéen dijer nor mal katl ar
kat " déezensi zIliJini teti kl emi ktir. Rij it bo
sismik eylemsizlik kuvvetlerinin zemin kat s
bu katé dinami k etkiler karkésénda yapénén e

2.2. Sahada Tespit Edilen Yapé M¢ghendi sl ifJi

Yapeédepnr em sarséntélaré alténdaki toptan g°-
d¢zensizli kleriyle sénérl é kal mayép, birbir
detayl andérma zafiyetlerinin de dolpmelerdean bir

takéyécée sistemde yerinde d°k¢len degkegk daya
kroni k hatalar, sistemin sismik enerji s°nyg
kal derméxktér. ¥zell ikl e od®%mrerki meirmglrats zp rdatzi
tercih edil mik ol mase, beton ile -elik araseé
yé¢kler alténda hézla -°9z¢l mesine ve mukaveme

ol muktur .

Bu mal ze me eyk blamak,skolak iirfiikn d¢j ¢ém noktal ar énda
bl gelerinde etriye séklaktérmasénén (sargée
karkésénda en kritik zayefl eje ol UKt ur muxkt |
esas!| agsiemeénl3ak derece yerine 90 derece by¢kyeg
def ormasyonunu engell eyememi k ve kancal ar én

ol muktur .
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| ; . it ZEMIN ve NORMAL
A B c 0 KAT TAVANI
KALIP ve DONATI
PLANI
1/50

G°rsenlce2d.enken Yapénén Orijinal G°rseli Y

3. MEVCUT DURUM SKSMKK PERFORMANS DEJERLENDK
3.1. Stad4d4CAD Yazélemé ile Sayéesal Model |l eme
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Yapénén sismik performans analizleri, STA4C
kull anél arak ger-ekl exktiril en) Uzgrinderbyiinitilenl u b i
nonlineer sim¢lasyonl ara dayanmaktadeéer. Mo d e
edilen r°l°ve veriler:i esas al énméek ve yapen
k at yéksekl i kl eri v e¢ nkéeysliet abkotyaurtél lamméek tyear z é | Mee
sismi k kapasitesinin dejerlendiril meglBnde, T
Bl ¢m 15 esasl ar é dojrultusunda "Sénerl e B

yakl akémeén tercih jedilzma snikmnad ee,d i b iema nkéan- agkr ok a

resmi stati k verinin bul unmamasé ve sahada
donatel ar, sargélama eksi kl ikl eri vb.) t asa
dojrul tuda,i zylapkdseali bgelvierns i bir yakl akéml a
Katsayésée 0.75 olarak belirlenmik; s°z konus
uygul anarak sayésal model in sahadaki mevcut
et mesiméskajélran Yerinde °1I| -¢1len dejerler 0.75
analizlerde kull anéel méexktér .

3.2. ¢ok Modlu Nonlineer Ktme Analizi Y°%°nterm

Kl asi k tek modlu (sabit vy¢ kehakanjbigncienoda aitlyerst at i
deji ktirme profilini esas aldéjéndan, k at S
binal arda ¢(st katlarda ortaya -ékan y¢i ksek |

yakal amakta yeter siigmiklal tmalkd m dweea .y eYra pceenjéink tsi I

modl arén (°zellikle i Kkinci ve ¢-¢éncecye titrexki
ve kesme kuvveti yéjéelmasé etkilerini de i-e
amacéeghpl amal arda ¢ok Modlu Nonlineer Kt me A
Yapésal el emanl aréen sismik y¢gkler alteéendaki

2018 B°l ¢m 15.4 standartlaréna uygunKkeskt b
el emanl arénda plastiklekmenin salt ej il me e
u-l arénda "Salt Ejilme (M)" plastik mafsall a
moment kapasitelerinden 1 gneni kKt em.plKasbinkes$e
d¢key yeklerin ve -o0ok y°nl ¢ deprem etkil eri
g°zet mek adénalo m&Ek s e rEd IkM-Mg klastki maf¢alP modelleri
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Kull anél méxkteéer . Bu di mamiéek madehel K&luonwet z @r
ol arak moment kapasi-Me®itkihernmelkli dapr a mmhan
et mektedir. B°yl ece, d¢z donaté kull aneéemée v
pl asti k|l ek me kavgkd Qirt epleast i imomentmatri sl er|
el emanl|-ave®D2 OdDprem d¢igzeyl erindeki g°-me | i mi

3. 3. Analiz ¢éktélaré ve G°-me Konumunun Mat

¢ok Modlu Nonlineer Khéne Kaadkzkasonbualvel er
dinamik karakteristiklerini ve sismik performans zafiyetini matematiksel olarak ortaya

koymaktadér. Orijinal 6 katl é proje veriler:i
titrekim peri vaogdk deksdakp | saairykeengl 9 kata - éKké
ekstrem arteéex, h©ki m periyodu -@#H& Boling 3k s ek
kapsaménda t2andéemplraenmrand (xeyi (475 yéllék yinel
d¢key kolaare nelne @blHb1i 8§ HOBIDgYm 15. 7 | imitlerine
Bl gesi " ( G¥) Sénéréené akKkmekter. Kol on wu-1a
hedef yer deji ktirmeden -0k ©°nce t¢kenmesi

kaybet miaxk i kat IKarén getirdi]iM-M lkaawea se Kk e rzelr f

akan kol onl arda baklayan ani gevrek kérél mal
ve 1 K-1lik kalitesi yetersiz ol ansisiikitalgbiap @ nén
karkél amasénén teorik ve pratik olarak 1 mkO©n
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Gorsel3.Mevcut 9 Katl é& Ka-ak Yapénén Stad4CAD So

4. PARAMETRKK PERDE DUVAR KLE G! ¢LENDKRME VE
KNCELEMESK

4 . 1. G¢-lendirme Tasarém Fel sefesi

Mevcut yapénén B°l ¢m 2 ve 3'te detayl ander el
kull anémé ve sargéséz birlekim b°lgeleri gi
uygulanacak gugclendirme stratejissdi e mi n y anal rijitlik a-@j]éneé
s¢nek mekanizmalarla s°n¢gmlemek ¢zerine Kkur o
sisteme entegre edilecek y¢iksek dayaneéeml é

eylemsizlik kuvvetlerini vey a n a | °telenme taleplerini kar K¢

ol arak tasarl anméxteéer .
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Gé¢-lendirme tasaréméenda yeni bet onar me perde
mi ni mi ze edecek Kekil de projelendirtinhmi ktir
ol ukmaséné engel | emek, rijitlik merkezi il e
kal dermak amacéyla perdel er, X ve Y dojrul
konuml andér el mexkt ér . Bu yerlekimi styapej igein

homoj en ol ar ak daj el maséné sajlayarak d¢ K ey

taleplerini dengeld] bir kekilde sénérl andérm
Yapénén sismik performanséné iyilektirmede
dojuluaté olan X ve Y eksenleri yani her iki
toplam kat al anéna orané temel parametre ol a

g¢é¢-lendirme senaryosu (S1, S2, S3 ve S4) Kkur

Bu - ak @xksnamaménda, mevcut yapéesal sistemin dep
dert farklé g¢-1lendirme senaryosu gelixktiril
perde oranl ar é, sisteme ekl enen tpargmeteleri per de
a-éséndan sistemati k ol arak -exitlendiril mi:
kabul edi | dSerjanyo 1-dael €é%0OmabdOa ;per de oranéna ul akm

adet ol mak ¢zere topl am 4e aedkelteS2naryetléiperde m b oy

(]

or an %1, 0 seviyesine -ékareéel mécxk, bu dojrult
adet 25x165 cm enkesi tS3enaryp3etred e%li ,| % pearjdd lorkar

hedefiyle toplam 8 adet 30x@0 cm boyut !l ar & nd&enapye 4edse %2,0a n € ml a

perde orané ile en y¢ksek rijitlik dejerine |
perde ekl emesi yapélarak tasarém optimize ed
nji t 1 i k merkezini k¢tl e merkezine yakl akteéerar
ve takéyéecée sistemin s¢gneklijinin y°netmeli k
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hedefl enen sismik performans seviyelerine ul

analiz edilmixktir.
Dojrusal ol mayan analizlerden el de edilen i
edenS1 senaryosunun%0.5 , yapénén mevcut rijitlbigjgini S

i mal at éndan kazhla& | aeraleerr TBHRBY eg®r e ajerl ekl é
¥nl enmesi (G¥) b°l gesinde k¢gmelenmi k ve si st

kar kén, p éulsl evioy @ iem&2rsenéryosunda tirch@ik l&rakteristiklerde

somutbi r i yil ekme kaydedi |l mi kK, hakim doj al tit
gerel. k at °tel emel er i y°netmeli k sénérl ar é
d¢key takéyeéece elemanl aréen ©°neml i akbsimek b°l ¢r
davranék ejilimi sergilemiktir.

Parametri k arakt é&r man é n S3cgndniosund24.9y oi ns ee kbiij ni anni
TBDY-2018 B°l ¢m 15.7 kapsaménda tanémlanan Ko

hedefini kaar | & bir Kekil de vyakal adeéejéne ortaya
°tel enmesi yéj] él mal arénén her K dojrul tud
kapasitesi il e dinamik rijitlik artekeée aras
Perde 6&RhnzZaeyeinn &4swelnaaktyéjsé&s i ncel endi jinde i se

karakter kazanmasé nedeniyle taban kesme kuv

Yer et el en parametrri k siamgll earsdyioil.bpdeirlliierr dodn;@ath & m
(S3Senaryosu) , binanéeén 9 katl é mevcut k¢gtl esi
géevenl ik kriterl erini eksi ksiz sajlayan tek

cbzz m¢ ol duju kanéetl anméxkt ér .

5. TARTI k MA

¢ok Modlu Nonlineer Ktme Analizleri sonucund
rijitlik arteéexke, sismi k enerji s°n¢gml eme K
kriterleri Uzerinderger - ekl ekt iril en karkél aktéermal é dej

16de toplu ol arak sunul muktur .
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¢izelge 1. Sismik G¢g-lendirme Senaryolaré ve Yap
Maks. TBDY-2018
. Taban . Perde
Doj r ul Periyot (T, Goreli ) Performans
Yape Kesme (\4, . Devrilme o
X1y sn) Oteleme Seviyesi
kN) Mom. O
( &R (DD-2)
Mevcut 0.0m2
1.10 1.050 0.0125 %37.7 Gogme
Durum /0.0m2
Gocmenin
0.80m2 ) ,
Senaryo 1 1.05 1.450 0.0083 %43.5 Onlenmesi
/0.80 m2 .
(GO)
1.60 m?2 Kontrolll
Senaryo 2 0.85 1.980 0.0024 %64.2
/1.60 m2 Hasar (KH)
Senaryo 3 2.40 m? Kontrolli
_ 0.72 2.520 0.0020 %76.1
(Optimum) /2.40 m2 Hasar (KH)
3.20 m? Kontrollt
Senaryo 4 0.55 3.850 0.0018 %83.6
/3.20 m2 Hasar (KH)
¢izelge 1'de &elde edilen veriler sismi k ta
deji kKiminin yapeésal Ssistem davranéekeée ¢zerinc
Minimum takviye seviyesinitemsiled@ls enar yos kkndalii td¢gkke art ek e,
maf s al kapasitesini erkenden t¢kenme nokt a:
sajl amada yetersiz kal maktadeér. Buna Skar kéen,
senaryosu i se" ybaipré yféo r"nmaak ésr ok nraikjtiabd seviyesindd u dur
d¢e¢kererek sismik enerjinin s¢gnek mekani zmal
artéklaréna bajl é gevrek reaksiyonlar g°ster
yeni perde al an®s@maengbsgr ¢ s2@liydagEfyme rTIBaDrYe
Kontroll ¢ Hasar (KH) performans seviyesinde
dinami k rijitlik talebaktemnisenhidjai ein s$eeagill sm
Gé¢-lendirme stratejisinin temel ekonomi si %
anal i zi, akeére bet oSdaaoplane tabpre kesine kukvatiBd3s5@ kNe mé n é n
sevi yes arakemeveué kadye temele iletlen momentleri yOnetilemez boyutlara
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ul aktérdéjéne dojrul amaktadér. Taban kesme Kk
radye temel takéma kapasitesinin akél maseéna

Otesi nde, bi nanén altyapésénda da y¢ksek ma |
kel maKRvtsech@arr.yosunda el de edilen veriler 1 se |
boyutl andérma verimlilifJi I | e t e opéirhizasydao n 0 mi ¢
eKijJini t emsi | et mektedir. Sonu- ol arak; yar
Si st emi akére rijitlik kereéelganlejeyla kar Keé¢
surdurdlebilir bir midahale sunan bu optimal yonsellper al ané, - al ékmaneén e
ol arak tanémlanméktér. S°z konusu strateji,

kronik zafiyetlerini, TBDY-2 018 st andartl aré -er-evesinde
yuksek sismik glvenlik seviyesinel akt ér an yeg®©ne rasyonel -0%2z¢
6. SONUCLAR

Bu -al ékma kapsaménda, deneti msi z kat il avel

g°ren mevcut bir konut yapées®Eh& ns tsa rsdma rkt | paerr
kurgulanan parametrik guclendirme stratejileri, saha verileri ve ileriit&nahodelleme

tekni kl er i €EKéj eénda i ncelenmi Ktir. Deneysel
sim¢glasyonl ar neticesinde, onayl e statik pro
yapéya ye¢kl ediJi ekstra ytgrkleyen bignpiltmaiendigliR - me n

kusuru ol duju saptanmécxkter.

STA4CAD yazéelem platformu ¢zerinde ye¢ereéetelen

(Pushover) sonu-1|ar e, deprem sonrasénda s a
daj el eml arénkamakechajrkbsaméxkter. Analiti k mo
fiili geometrisi, mal zeme zafiyetleri (sarge
kull anémé) ve d¢zensiz ke¢gtle dajél emeyl a, y

ssmi k y¢k senaryolarénda dojrudan G° - me Koni

kanétl amaktadér . Yapésal sisteme uygulanan |
bina tipolojisinde%0.5i | e %1. 0 ar al éjéméaéenyt tlaxerypeede
i nelastik plastik d°nme taleplerini azalt ma«

sénérl ara takémada yetersiz kaldéjéné g°ster
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Yer ¢t éel en par amet r i k-2018blingesimla hedetienam Kantiddasay T BDY
(KH) sismik performans seviyesini yapeé genel
Si stemi akéereée rijit bir forma sokmayarak t e

altyapeée/temel matliSpedolr amiémié na r( tS8B8r mayam yosu) ,

ve ekonomi k a-eédan en rasyonel "Opti mum Gyg -
bilimsel -éekteée, ka-ak kat il aveleriyle yapeés
cerceve sistemlerin rehabilitassn pr oj el eri nde, cSstyapée rijitl
kapasitesi sénérl aréné ekzamanl é& ol arak den

yakl akémeé sunmaktader.
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ABSTRACT

The problems of reinforcement corrosion, frequently observed in reinforced concrete structures,
and the high carbon emission of conventional concrete inaveased interest in innovative
concrete designs. This study, which proposes improving the flexural performance and
mechanical properties of concrete beams produced using carbon mesh instead of steel
reinforcement and geopolymer concrete instead of caioveth cement, aims to fill a
significant gap in the literature. In the experimental program, blast furnace slag was used as a
binder in the geopolymer mortar mixture, and quartz powder and marble powder were used as
mineral additives. Sodium hydroxide asddium silicate were used as alkali activators. The
effects of the number of carbon mesh layers (0, 1, 2, and 3 layers) on the flexural performance
of beams produced with dimensions of 40x10x10 cm were investigated. Apthirddending

test was applietb the beams to evaluate their flexural strength. tdiadlacement graphs were
examined, and while the reference specimen fractured brittlely, a significant increase in the
maximum loaekcarrying capacity was observed in carbon mesiiforced specimens dise

number of layers increased. Adding carbon mesh to geopolymer concrete increased the
toughness of the material, limited crack formation, and enabled controlled deformation in the
beams. As a result, experimental results have proven that carbomaimésiced geopolymer
concrete elements are an innovative, environmentally friendly concrete that eliminates
corrosion problems.

Keywords: Geopolymer, carbon mesh, bending behavior, carbon-ne@ésiorced geopolymer

concrete
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1. INTRODUCTION

While commonly préerred cemenlike binders offer high stabilization potential, they raise
serious concerns about environmental sustainability and economic cost (Anju et al., 2026).
Geopolymer concrete, on the other hand, is considered a new generation concrete technology
due to its environmental sustainability parameters. Geopolymer concrete (GC) stands out with
its properties such as high compressive strength, low permeability rates, high tolerance to
chemical effects, and high fire resistance (Pedretti et al., 2026Bcing Portland cement,

it provides a significant reduction in CO2 emissions. According to the general classification in
the literature, binder elements whose raw materials are aluminum and silicon are considered
geopolymers, while alkakctivated cemas are based on raw materials with a high calcium
content. The fundamental difference from traditional Portland cement is that the binder phase
in GC is formed as a result of a process called geopolimerization. (Qaidi et al., 2022)

Geopolymerization is dow-carbon cementation process in which aluminosilicete
industrial mineral wastes (IMWS), such as fly ash and blast furnace slag (BFS), are converted
into inorganic polymer binders through alkali activation. (Yadavalli et al., 2026) This reaction
is based on the principles of dissolution and polymerization. In this phase, reactive Si and Al
components are dissolved in an alkaline environment and then rearranged to form a three
dimensional aminosilicate network.

Alkali activators, usually consisting &faOH and its combinations, are used in the mixture to
initiate the geopolymerization process. Furthermore, the concentration and ratio of these
components play a significant role in the fluidity and setting time of the mixture. High NaOH
molarity causes #amixture to harden and reduces fluidity, decreasing workability; while an
increase in sodium silicate content reduces internal friction and increases lubrication, improving
workability up to an optimal limit. However, excessive use of sodium silicatencagase
viscosity and reduce spreadability due to rapid setting and excessive gel formation. The ratio
of sodium silicate to sodium hydroxide ($30s/NaOH) controls these parameters (Javan et
al., 2026). Therefore, this ratio needs taaeefully established to achieve balanced workability
and appropriate setting time. Welbtimized solutions provide better workability in
geopolymer concrete mixes by increasing fluidity while maintaining strength. In this context,
maintaining a ratio o2.0-3.0 is important for designing a geopolymer matrix with superior
properties. In this study, the activator mixture used at a ratio of 2.57 is important both for
ensuring sufficient fluidity and balancing the setting time.

Due to their mechanical perfoance and economic advantages, reinforced concrete beams
(RC) are widely used in modern structural engineering (buildings, bridges, etc.). However, with
the extension of service lives, reinforced concrete structures worldwide are facing a significant
number of durability problems. According to data from the U.S. Federal Highway
Administration (2023), 46.6% of bridges in the U.S. have structural defects or functional
deficiencies (Zhang et al., 2026). One of the most fundamental causes of premature
deterioraibn in reinforced concrete structures is reinforcement corrosion. The effect of
corrosion causes both a loss of cresstional area in the reinforcement and a gradual decrease
in the adhesion between the reinforcement and the concrete matrixkehsoto et al., 2026).
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Furthermore, corrosion is one of the biggest causes of resource waste, ecosystem destruction,
and environmental pollution. Moreover, corrosioduced degradation leads to the release of
hazardous substances such as iron oxide and toxipanents such as iron or mercury into the
environment (Verma et al., 2026).

In 2022, the European Commission Joint Research Centre published a noteworthy report on
corrosion risks in European regions. According to the report, corrosion and cracking were
observed in 3818% of reinforced concrete elements along the Mediterranean coast, while the
damage rate in similar structures in higlmidity coastal areas of Northern Europe remained

at 2840%. In addition, the economic burden of corrosielated deterition iS enormous.
Annual repair and strengthening works across the US amount to tens of millions of dollars, and
this economic loss is increasing every year (Wang et al., 2026).

One of the newest solutions developed as an alternative to the corrosilmm® o traditional
steetreinforced concrete elements is Textile Reinforced Composite applications (Giese et al.,
2021). These systems, which can fulfill the structural performance requirements of traditional
reinforced concrete elements, are compoggeesns containing one or more layers of structural
textile meshes such as carbon, basalt, or glass embedded within the matrix. These systems
successfully achieve the structural performance of traditional reinforced concrete structures by
using textile mesks instead of steel reinforcement. Using an inorganic material like carbon
mesh instead of steel reinforcement eliminates the risk of corrosion and enables lightweight
structural elements. This innovative technology is becoming increasingly popularfieldhe

of structural strengthening and repair. The aim of this study is to investigate the flexural
behavior and mechanical performance of carbon masiforced geopolymer concrete beams

as a sustainable alternative in reinforced concrete elements. Time vargable in the
experimental program is the number of carbon mesh layers (0, 1, 2, and 3 layers), and the aim
is to examine the effect of this variable on the structural element. In the studypdimee
bending tests were applied to samples producéd diuinensions of 40x10x10 cm using YFC

as the main binder and marble powder and quartz powder as mineral additives. Based on the
results obtained from the experiments, lakgblacement graphs of the samples were plotted;

By observing maximum loadarrying capacities, fracture modes, crack formation, and-post
peak energy absorption (toughness) capacities, the extent to which the brittle structure of
geopolymer concrete acquires ductile behavior will be revealed through experimental results.

2. MATERKALS AND METHODS

In this experimental study, granulated blast furnace slag (GBFS) was used as the main binder
in the mixtures prepared for the production of geopolymer concrete beams, while marble
powder and quartz powder were used as mineratiagsli Sodium hydroxide (NaOH) and
sodium silicate (N£5i0z) were used as alkali activators to initiate the geopolymerization
reactions. In the literature, maintaining a sodium silicate/sodium hydroxide ratio between 2.0
and 3.0 is a generally accepted mygeh for optimizing workability. The ratio of 2.57, chosen
considering preastings, eliminated the risk of sudden setting and made it possible to maintain
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sufficient workability of the concrete mortar. The mixing ratios and quantities of the materials
are presented in detail in Table 1.

Table 1. Geopolymer mixing ratios (kg/m)

D. C{ Marble powder Quartz powder Water NaOH NaSiQ

700 685 483 70 98 252

In this study, geopolymer concrete was produced using GBFS in accordance with the ASTM C
618standard. The specific gravities of the GBFS, marble powder, and quartz powder that make

up the mixture are 2.88 g/énR.67 g/cm, and 2.82 g/cr respectively (Bayrak et al., 2024).
Furthermore, the specific gravity of sodium silicate is 1.42 g/cm3tangdgecific gravity of

sodium hydroxide is 1.2 g/ciriTable 2 provides the valuts the chemical components of the
materials (Keleée- et al., 2025; Alcan et al .,

Table 2. Chemical components (%) of GBFS, marble powder and quartz powder.

/'t h { Mh ' dho C&Ho a3dh bkh Y {b [hl

D. C{ ocdood MPP ndp ydy ndH ndn ndp n P

alNbtf n®dy pHDP nodP ndc ndPo ndc ndv ndn n D«
L2 6 R S

vdzt NIi pod ndn ndm nodm ndn ndH ndv ndn 1
L2 6 RS

Particle size distribution is one of the key parametetermining both the early workability

and the later pore structure of concrete. The graphs obtained through this process help to achieve
a less porous and more compact structure within the geopolymer matrix. The sieve analysis
graphs of GBFS, quartz powdand marble powder used in the geopolymer mixture are given

in Figure 1. Examination of the curves shows that the materials have a continuous gradation
and present a wefiraded (continuous) structure. In particular, due to the high fineness of
GBFS, itis known that the fine particles fill the mievwids in the matrix and accelerate the

alkali activation process.
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The XRD analysis results for examining the mineralogical structurteedEBFS and quartz
powder used are presented in Figure 2. The glassy structure of GBFS indicates that it has good
potential for easily dissolving in the alkali activation process to forfiHCgels. On the other
hand, the XRD pattern of the quartz powsleows a sharp and intense peak, indicating that the

material has a higpurity crystalline structure. In light of these findings, it is shown that due to

the amorphous structure of GBFS and the crystalline structure of quartz powder, both gel
formation andiller effect complement each other in the design of geopolymer concrete.
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Figure 2. XRD pattern of (a) GBFS and (b) quartz powder.
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In this study, a total of 4 beam specimens with dimensions of 40x10x10 cm were prepared.
Figure 3 showthe geometric details of the beam specimen. To ensure experimental consistency
and to examine the use of carbon mesh in more detail, the mixing ratios were kept the same in

al |l beam

Usageb. To under st

speci mens.

The i ndependent
and the effect of

Meshr i
t he

a
abl e
pr e

specimen was selected as a reference specimen. The reinforced specimens were designed with
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a stepped number of mesh layers: specimen 2 with 1 mesh layer, sp&euitie@ mesh layers,
and specimen 4 with 3 mesh layers. The distance between the meshes was kept equal, and the
distance between each mesh and between the mold and the mesh was 1 cm (Figure 4).

DR
DR

40cm

<o

A
=,

Figure 3. Sample dimensions

oL

¢ ¢1cm

» 40 B

Figure 4. Carbon mesharrangement in beam samples.

A threepoint bending test was conducted to investigate the bending behavior of geopolymer
concrete beams. Details of the experimental setup used in this study are given in Figure 5. The
tests were performed in displacemeattrolled mode with a constant loading rate of 10
mm/min. To examine the peftcture behavior of the specimens, the tests were terminated at

a common deformation value after the beams reached their maximum load.

Figure 5. (a) Beam specimen molds and caoim mesh, (b) and (c) experimental setups.
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3.RESULTS AND DISCUSSION
3.1. LoadDisplacement Behavior and Bending Performance

Figure 6 shows the loadisplacement curve for each specimen, and Figure 7 shows the load
displacement curves for apecimens. Examination of the graphs clearly shows that adding
carbon mesh to the beams caused a significant change in the bending performance of the beam
specimens. The control beam without carbon mesh exhibited linear elastic behavior under the
applied sress until it reached its ultimate load capacity, and after reachingnth@dtue, it
experienced a sudden load change and showed brittle fracture. This sudden fracture behavior
of the reference beam is an indication of the characteristic low tenssegt of the
unreinforced geopolymer matrix.

10
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g 12
10
=~ 6 ’é‘
é < 8-
e}
8 g
S 4 9 64
4
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0 T T T T T T 0 T T T T
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Figure 6. Load-mid-point displacement of (a) Ref (b) 1 Layer sample (c) 2 Layer sample
(d) 3 Layer sample
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Figure 7. Load-mid-point displacement of samples

When examining thdéehavior of carbon mesieinforced beams (Figures 6b, 6c, 6d), it is
observed that although there is a sudden drop in load after reaching the maximum load point,
the loadcarrying capacity is not completely eliminated. This observed-gest behavior

clealy demonstrates that the beams possess significant ductility and energy absorption capacity
(toughness). The main factor providing these observed mechanical improvements is the positive
effect of the carbon meshes added to improve the behavior of ge@palgncrete elements.

When we look at the effect of the number of layers on the beams, it is seen that the sample with
2 layers of carbon mesh reaches the highest value in terms of maximuoatoadg capacity.

This shows that 2 layers of carbon meshfm@cement has a positive effect on improving the
load-carrying capacity under bending behavior. Although the sample with 3 layers of carbon
mesh lags behind the sample with 2 layers of mesh in carrying the maximum load, it exhibits
more stable behavior byontinuing to carry the load for a longer period after the peak point.
This shows that the sample with 3 layers of carbon mesh has a positive effect, especially in
terms of postracking behavior.

Table 3. Characteristic load, displacement, and energy absption valuesfor beam specimens.

Pcr Ay Pmax Apax Pu Ay E

(kN) (mm) (kKN) (mm) (kKN) (mm) (kKN.mm)
B-Ref 2.02 0.484 12.62 1.142 6.82 1.144 4.82
B-1L 5.36 1.116 9.12 5.332 0.85 40.00 131.64
B-2L 10.47 0.978 18.01 2.192 1.00 40.00 200.21
B-3L 10.73 1.881 14.63 5.344 1.47 40.00 204.93

According to the results given in Table 3, increasing the number of carbon mesh layers
significantly improves the initial crack load and energy absorption capacity. The highest
maximum load of 18.01 kN was observed in the sample with 2 layers of carbbnwinde

the highest energy absorption capacity of 204.93 kNmm was obtained from the sample with 3
layers of carbon mesh. These results show that the use of carbon mesh reduces brittle fracture
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behavior. Pmax valueme presented in a bar graph in Fig8rfer a clearer comparison of the
samples.

20

18.01

18
16
14,63
14
12.62
12
10 I 9,12
Ref B-3L

B-1L B-2L
Specimen Type

Maximum Load, P_,, (kN)

o N B O ®

Figure 8. Maximum load-carrying capacity (Pmax) values.

3.2. Energy Absorption Capacity

When the energy absorption capacity valaes examined (Figure 9), it is seen that carbon
mesh reinforcement has a positive effect on the toughness behavior of geopolymer concrete
beams. While the energy absorption capacity of the reference samB2 kdNdnm, this value

has increased significantly in carbon mesh reinforced samples. In particular, the ofalues
200.21 kNmm in the sample with 2 layers of carbon mesh reinforcement and 204.93 kNmm in
the sample with 3 layers of carbon mesh reinforcetham been reached, indicating that the
increased carbon mesh layer has positively affected thecbraging capacity and deformation
capacity of the geopolymer concrete after the peak point.

250

20021 204,93
131,64
482
0
Ref B-3L

B-1L B-2L
Specimen Type

= N
(%) (=]
o o

(kN mm)

Energy Dissipation Capacity, E
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3.2. Failure modes and crack formation

When the physical conditions of the geopolymer concrete beams after the experiment are
examined in Figure 10, it is seen that the damage on the specimens is parallel to the results
obtained from the loadisplacement curves. It is observed that the reference specimen (Figure
10a) loses its structural integrity instantly and reaches final failure in a brittle manner when the
applied load reaches its maximum level, without showing any signs of ductiltgtdon mesh
reinforced specimens (Figures 10b, 10c, 10d), it was observed that although the first concrete
matrix crack formed, the specimens maintained their structural integrity and did not experience
sudden rupture similar to the reference specimenhdsumber of layers increases, it is seen

that the damage does not accumulate in a single main crack, but is absorbed by the mesh layers,
and deformation occurs in the specimen in a more controlled manner. This helps the
geopolymer matrix to exhibit a meductile behavior rather than a rigid behavior thanks to the
mesh. Thus, carbon mesh provides good adhesion with the geopolymer structure, and sudden
failure problems are eliminated due to the even distribution of stresses.

(a) (b) (d)

Figure 10. Images of the expémental samples after testing. (a) Reference sample (b) Sample
with single-layer carbon mesh (c) Sample with doubkayer carbon mesh (d) Sample with triple
layer carbon mesh

4. GENERAL ASSESSMENT AND CONCLUSIONS

This study investigatesorrosionrinduced damage in concrete structural elements and the
flexural behavior of carbon meshinforced geopolymer concrete elements as an innovative
solution to Portland cement. Experiments performed using-gioi bending tests yielded
several rsults.

1 While the reference specimen without reinforcement exhibited brittle fracture due to
low tensile strength, the use of carbon mesh overcame the shortcomings of low tensile
strength in geopolymer concrete, allowing the specimen to exhibit ductileibeha
under applied loads. This indicates that the use of carbon mesh creates a bridging effect
between crack surfaces in the specimen, reducing the tendency for brittle fracture.

1 According to the experimental results, the highest maximum-daaging capeity was
achieved in the specimen containing 2 layers of carbon mesh, with a value of 18.01 kN. When
the specimens were evaluated in terms of energy absorption capacity, the highest value was
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reached in the specimen containing 3 layers of carbon meshawdtue of 204.93 kNmm.
These valueslemonstrate that the use of carbon mesh positively affects both the flexural
performance and toughness behavior of geopolymer concrete beams.

1 It was observed that good adhesion was formed between the geopolimeramétitie carbon
mesh. Thanks to this, even after the first crack formation, thedaaging capacity of the
beams did not suddenly drop to zero, and the samples continued to maintain their integrity.

In conclusion, this study has shown that the combination of carbon mesh and geopolimer
concrete is an effective method for limiting brittle fracture behavior and improving post
cracking loaecarrying capacity in concrete elements.
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ABSTRACT

Sequential rulemining (SRM) is a data mining method that discovers ordered relationships
between itemsets in sequence databases, widely applied in web clickstream analysis,
recommender systems, and quality control. CMRules, RuleGrowth, and ERMiner were
comparatively evalated on two realvorld datasets, BMSWebView2 and Leviathan, differing

in sequence length, density, and item count. Experiments used the SPMF framework with
minimum confidence fixed at 50% and minimum support tested at {2%, 5%, 10%, 20%, 30%}.
Each configuation was repeated five times; scalability experiments ran three times across five
size fractions (2094.00%) at a fixed 10% support threshold. Measurements cover runtime,
memory usage, timing consistency, rule count, and scalability.

On Leviathan at low gpport, RuleGrowth and ERMiner complete significantly faster than
CMRules: at minsup=2%, CMRules' runtime reaches 2.41 times that of ERMiner, widening to
2.51 times at minsup=5%. All three algorithms produce identical rule sets at every support level,
confirming algorithmic completeness. For memory, SPMF heap output was used for CMRules
and psutil RSS for RuleGrowth and ERMiner; this methodological difference limits findings to
trendlevel interpretation. Runtime scales linearly with data size on Leviasugported by
Pearson r O 0.91. No rules were produced on
its sparse structure (mean sequence length 4.62, median 3), this outcome was predictable from
sequence statistics prior to experimentation, underscori@gnéed to review a dataset's
statistical profile before applying SRM. ERMiner is recommended for dense datasets with
sufficient memory; RuleGrowth is preferred in memoonstrained settings.

Keywords: Sequential rule mining, CMRules, RuleGrowth, ERMinf8EMF, comparative
study

1. INTRODUCTION

Sequential rule mining (SRM) is a fundamental data mining task that discovers ordered
relationships between itemsets in sequence databases. A sequential rule expressed as X
states that itemset X appears beftemset Y with sufficient frequency (support) and certainty
(confidence). This temporal ordering distinguishes SRM from standard association rule mining
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and makes it valuable in areas such as web clickstream analWesnieg, recommender
systems, qudly control, and alarm sequence analysis [1].

The computational difficulty of SRM stems from the exponential size of the candidate rule
space, especially at low support thresholds. CMRules [2], RuleGrowth [3], and ERMiner [4]
represent breadifirst generat-andtest, patterrgrowth, and equivalenedass paradigms,
respectively, within the SPMF framework [5]. In [6], four sequential rule mining algorithms
were compared on a single proprietary retail dataset and observed to produce identical rule sets;
howe\er, the study lacked repeated trials, confidence intervals, and structurally diverse public
datasets needed to generalize this finding. This study extends that line of work through: (1) a
multi-dimensional comparison across two structurally distinct, plybdivailable datasets; (2)

a statistically robust experimental design with repeated trials, 95% confidence intervals, and
coefficient of variation; and (3) explicit reporting of memory measurement heterogeneity.

2. ALGORITHMS
2.1. CMRules

CMRules [2]follows a twephase approach. In the first phase, the database is scanned to
identify item pairs that coccur with sufficient frequency; occurrence information is stored
using a horizontal list structure. In the second phase, candidate rules are valndthtedir
sequential support and confidence values are recomputed. The algorithm employs a breadth
first search strategy. The pruning mechanism is based on the downward closure property; since
all item pairs must be evaluated at the outset, the candioiate grows as O(|1]?).

2.2. RuleGrowth

RuleGrowth [3] adopts a pattegnowth-based deptiiirst search approach. It begins with seed
rules derived from frequent item pairs and iteratively expands them. Sequence ID sets and bitset
representations are usad data structures. The dejbitist structure eliminates the need for
repeated database access.

2.3. ERMiner

ERMiner [4] offers an approach that organizes rules based on equivalence classes. Rules
sharing the same antecedent form left equivalence clas$ds, rules sharing the same
consequent form right equivalence classes. €bdased representation and a Sparse Count
Matrix (SCM) are used as data structures. The pruning mechanism operates at two levels: SCM
prefiltering and expansion pruning within egalence classes. Since SCM size is proportional

to O(|I|?), a fixed memory cost arises independent of the support threshold.
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Table 1. Theoretical Comparison of Algorithms

Feature CMRules RuleGrowth ERMiner
Search Strategy Breadthfirst Depthirst Equivalence class
Paradigm Generateandtest Patterngrowth Classbased
Data Structure Horizontal list Occurrence list SCM + class
Candidate Generatior Yes No No (SCMiltered)
Memory Complexity Low Medium High

3. EXPERIMENTAL EVALUATION
3.1. Datasets and Preliminary Analysis

Two publicly available datasets were used. BMSWebView?2 is a large, sparse web clickstream
dataset with short sequences (77,512 sequences, mean length 4.62, median 3). Leviathan is a
much denserljiterary-text-derived small dataset averaging 33.81 items per sequence (5,834
sequences, 9,025 distinct it ems) . Sati sfyin
BMSWebView?2 is statistically unlikely; the zerale outcome was predictable from the
sequeace statistics before the experiments. BMSWebView2 was intentionally included to test
algorithm behavior under sparse conditions and to demonstrate the importance of dataset pre
analysis in SRM applications.

Table 2. Dataset Features

Feature BMSWebView?2 Leviathan
Number of Sequences 77,512 5,834
Distinct Iltems 3,340 9,025
Mean Sequence Length 4.62 33.81
Median Sequence Length 3.0 29.0
Std. Sequence Length 6.07 18.61
Total Item Occurrences 358,278 197,251
Expected Rules (50% conf.) ao Present
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3.2. Experimental Design

All algorithms were executed via SPMF JAR (Java 21, 6 GB heap, macOS, Apple M1, 16 GB
RAM). Minimum confidence was fixed at 50%, a value chosen independently of the confidence
settings used in the original algorithm pap¢2$i[4], which varied across their own
experiments (e.g., minconf = 023 in [3] and 0.75 in [4]); minimum support was swept over
{2%, 5%, 10%, 20%, 30%]}. Each configuration was repeated n=5 times; mean and standard
deviation of runtime, 95% confidenaaterval (CI), and coefficient of variation (CV =
std/mean) were recorded. Scalability experiments were run three times each across dataset
fractions ranging from 20% to 100% at a fixed 10% support threshold. For memory
measurement, SPMF heap output wasdufor CMRules, and psutii RSS sampling for
RuleGrowth and ERMiner. This difference arises because CMRules runs entirely within the
SPMF JAR process, making heap tracing the only accessible measurement, whereas
RuleGrowth and ERMiner were instrumented axadly via Python wrappers.

3.3. Runtime

On BMSWebView?2, all algorithms complete within 0i8343 s; differences are practically
meaningless as JVM startup and 1/0O overhead dominate algorithmic computation.

On Leviathan, the differences are much more pronounced. At minsup=2%, CMRules takes
a39.0 s, Rul eGrowth 4a19.5 s, and ERMiner &
guantifies these differences: at minsup=2%, CMRules is 2.41x slower than ERMiner and 2.00x
slower than RuleGrowth. The largest gap is observed at minsup=5%, where CMRules falls
2.51x behind ERMiner. This gap clearly demonstrates the impact of algorithm selection on
runtime in dense datasets. At minsup=30%, fixed costs dominate; the gapltai25%0; and

the algorithms converge.

Figure 1. Runtime vs. minimum support (Leviathan)
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